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Foreword

Human-Computer Interaction (HCI) is acquiring an ever-increasing scientific and
industrial importance, and having more impact on people’s everyday life, as an
ever-growing number of human activities are progressively moving from the physical
to the digital world. This process, which has been ongoing for some time now, has been
dramatically accelerated by the COVID-19 pandemic. The HCI International (HCII)
conference series, held yearly, aims to respond to the compelling need to advance the
exchange of knowledge and research and development efforts on the human aspects of
design and use of computing systems.

The 23rd International Conference on Human-Computer Interaction, HCI Interna-
tional 2021 (HCII 2021), was planned to be held at the Washington Hilton Hotel,
Washington DC, USA, during July 24–29, 2021. Due to the COVID-19 pandemic and
with everyone’s health and safety in mind, HCII 2021 was organized and run as a
virtual conference. It incorporated the 21 thematic areas and affiliated conferences
listed on the following page.

A total of 5222 individuals from academia, research institutes, industry, and gov-
ernmental agencies from 81 countries submitted contributions, and 1276 papers and
241 posters were included in the proceedings to appear just before the start of the
conference. The contributions thoroughly cover the entire field of HCI, addressing
major advances in knowledge and effective use of computers in a variety of application
areas. These papers provide academics, researchers, engineers, scientists, practitioners,
and students with state-of-the-art information on the most recent advances in HCI. The
volumes constituting the set of proceedings to appear before the start of the conference
are listed in the following pages.

The HCI International (HCII) conference also offers the option of ‘Late Breaking
Work’ which applies both for papers and posters, and the corresponding volume(s)
of the proceedings will appear after the conference. Full papers will be included in the
‘HCII 2021 - Late Breaking Papers’ volumes of the proceedings to be published in the
Springer LNCS series, while ‘Poster Extended Abstracts’ will be included as short
research papers in the ‘HCII 2021 - Late Breaking Posters’ volumes to be published in
the Springer CCIS series.

The present volume contains papers submitted and presented in the context of the
8th International Conference on Learning and Collaboration Technologies (LCT 2021),
an affiliated conference to HCII 2021. I would like to thank the Co-chairs, Panayiotis
Zaphiris and Andri Ioannou, for their invaluable contribution to its organization and the
preparation of the proceedings, as well as the members of the Program Board for their
contributions and support. This year, the LCT affiliated conference has focused on
topics related to the design and development of learning technologies, the use of
technologies such as games and gamification, chatbots, AR, VR, and robots in learning,
and learning, teaching and collaboration experiences, with particular focus on the issue
of online versus in class learning brought about by the pandemic.



I would also like to thank the Program Board Chairs and the members of the
Program Boards of all thematic areas and affiliated conferences for their contribution
towards the highest scientific quality and overall success of the HCI International 2021
conference.

This conference would not have been possible without the continuous and
unwavering support and advice of Gavriel Salvendy, founder, General Chair Emeritus,
and Scientific Advisor. For his outstanding efforts, I would like to express my
appreciation to Abbas Moallem, Communications Chair and Editor of HCI Interna-
tional News.

July 2021 Constantine Stephanidis

vi Foreword



HCI International 2021 Thematic Areas
and Affiliated Conferences

Thematic Areas

• HCI: Human-Computer Interaction
• HIMI: Human Interface and the Management of Information

Affiliated Conferences

• EPCE: 18th International Conference on Engineering Psychology and Cognitive
Ergonomics

• UAHCI: 15th International Conference on Universal Access in Human-Computer
Interaction

• VAMR: 13th International Conference on Virtual, Augmented and Mixed Reality
• CCD: 13th International Conference on Cross-Cultural Design
• SCSM: 13th International Conference on Social Computing and Social Media
• AC: 15th International Conference on Augmented Cognition
• DHM: 12th International Conference on Digital Human Modeling and Applications
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• HCI-CPT: 3rd International Conference on HCI for Cybersecurity, Privacy and

Trust
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• MobiTAS: 3rd International Conference on HCI in Mobility, Transport and

Automotive Systems
• AIS: 3rd International Conference on Adaptive Instructional Systems
• C&C: 9th International Conference on Culture and Computing
• MOBILE: 2nd International Conference on Design, Operation and Evaluation of

Mobile Communications
• AI-HCI: 2nd International Conference on Artificial Intelligence in HCI
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Abstract. Making use of existing resources to create teaching material can save
effort and yield better quality. Although there are some resources that can be
used freely for educational purposes, most come with significant IP protections.
A technology is needed that can allow the usage of copyright restricted
resources for collaboration in teaching material generation. We propose a system
that provides a full record of multiple authorships and contribution shares when
resources are used and such a record supports royalty sharing; its system
framework is detailed in this paper. We also exploit the advantage of blockchain
technology to bind participants when sharing resources and acknowledge other
teachers when their teaching materials are used. In addition, the blockchain-
based record can provide distributed management with security, transparency
and immutability. Thus, teachers who create teaching materials have sufficient
evidence to claim authorship. The smart contract on blockchain has two core
functions: registering original material to allow sharing as well as recording
multiple authorships of the materials used with contribution distribution. With
blockchain as its core, it can be extended with addon functions, such as access
management, external file storage and external version control system to support
complicate editing activities. We use Remix-Ethereum IDE to implement a
prototype. Our contributions are two-fold. First, we propose a blockchain-based
framework to support the use of copyrighted resources when creating teaching
materials. Second, we demonstrate its feasibility in a prototype implementation.

Keywords: Blockchain � Open collaboration � Educational resources

1 Introduction

Teaching materials are essential for education. They are used to transfer knowledge to
students. Collaboration has a long history in education. In creating teaching materials
(TMs), collaboration can reduce the effort need to create higher quality content [11].
One strand in collaboration is to make use of existing resources, TMs of other teachers,
when creating one’s own TM [10]. While many resources can be used freely based on
copyright exemption for educational purpose or as open resources under collaborative
commons license [1]. Many others are not. Authors who do not donate their works and
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want royalty sharing cannot collaborate. Wikipedia [20] is important as a dominant
form of open collaboration but it is a platform for collaboration to reach a single goal
and the royalty cannot be distributed among the contributors. Massive Open Online
Courses (MOOCs) are free online courses that offer free enrollment to anyone [21], but
they establish sharing with students not teachers.

Therefore, we propose a system that provides forensic records of multiple
authorship and contribution share for the collaboration that makes use of other peoples’
materials in creating TM. It allows the use of existing TMs with clear acknowledge-
ment of the authors and the rates of contribution.

Blockchain has been suggested as a smart contract system among participants; it
provides a public ledger with secured, transparent, immutable and distributed records
without centralized control [2, 4, 14, 17]. It is suitable to provide a record of collab-
oration by facilitating the establishment of a smart contract among teachers when
sharing material. However, existing blockchain-based academic publication systems
mainly consider the collaboration of multiple authors in writing a single work [6, 8, 9,
16] and so do not support the usage of other people’s material as in creating TM.

In the paper, we propose a blockchain-based framework with focus on the veracity
of record keeping. The on-chain smart contract records the collaboration when teachers
share their TMs to others as well as making use of them. The smart contract generates
authorship transactions and contribution shares of the TM created from the collabo-
ration and stores the data using a blockchain. We design two functions so that the smart
contract can govern the interaction between participants. They are createMaterial,
which gives each original TM a unique identity and a hash to represent its authorship in
the system; deriveMaterial method which records transactions as the use of others’
TMs in the new TM. The TM thus has a unique identity, a hash and array list contain
identity information of TMs that exist in the new TM. In addition, the data of each
material’s contribution is derived by the getProportion function, which calculates the
contribution share of each material incorporated in a new TM and the function is called
when deriveMaterial runs.

With the core functions to store authorship and contribution distribution informa-
tion on blockchain, the system can be easily extended with addon off-chain functions to
facilitate its usage. For example, the TM file itself is proposed to be stored in the
InterPlanetary File System (IPFS) [12, 18] to keep the data stored in the central system
to a minimum with hashes being used to identify and locate files. Other functions can
be added such as notifying an author when his/her TM is used, manage access to
control the distribution of TM, calculate how many times a material is used etc. If the
new TM is for sale, the payments can be shared between the authors according to their
contribution record in the system.

Our research contributes to provide an alternative solution that solves the issue
raised by using copyright-restricted resources. By having records of multiple author-
ships and contribution shares, the proposed system can simplify the usage of copyright
restricted resources by giving full evidence for royalty sharing. The record can provide
data for sharing the economic or other benefits of the TM created with other teachers’
contributions. We also provide a system framework with blockchain technology to
provide security, transparency and immutability with distributed management and
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demonstrate how multiple authorships and contribution distributions are recorded in the
system.

The remainder of the paper is organized as follows. The following section reports
related works on using blockchain technology to support collaboration in the academic
context. The proposed framework of our blockchain-based system is introduced in the
third section. In the fourth section, we detail our prototype implementation. Finally, the
key contributions and implications are discussed in the fifth section. Conclusion and
discussion of the study are raised in the sixth section.

2 Related Work

Education institutes and practitioners have a long history of collaboration. For col-
laboration in the creation of TMs, focus is traditionally placed on co-authorship and
Open Educational Resources (OER) [1]. In this work, we aim to provide an alternative
system to support collaboration beyond OER and exploit the advantages of blockchain
technology. The following section explains blockchain technology and related work on
applying blockchain technology to support collaboration in academic publications.

2.1 Blockchain Technology

Blockchain technology supports the distributed ledger and has attracted much attention
and triggered multiple projects in different industries. In general, a blockchain consists
of data sets that are packaged as a chain of data blocks. A block comprises multiple
transactions. The blockchain is linked with another block to create a ledger of trans-
action history. To create the link, each block contains a timestamp and the hash value
of the previous block. Transaction validity is based on network consensus achieved
through cryptographic technology [14].

The blockchain system was first introduced as cryptocurrency – Bitcoin [2]. It uses
linked block structure to store transaction history record of token changing hands and
thus provide proof of the existence of the “money”. It is a “permissionless” blockchain
system which means anyone can join the network to do transactions or participate in
verification of a transaction through network consensus. The usage of blockchain
technology was extended with the “smart contract” concept. “Smart contract” is trig-
gered by events or participant enquiries entered using a predefined computer protocol.
Ethereum [15] is the most widely known system. It uses smart contact functionality to
build decentralized applications that establish trust among participants. The blockchain
can be “permissioned” which means the participants need to be approved before
joining the network. Ethereum supports a broader scope of applications and it also
introduces “Gas” to disrupt contact in a cost-effective manner if the run time of the
smart contract exceeds preset “Gas” limits. After Ethereum, other blockchain systems
were launched to support wider applications of this technology.

After considering the collaboration needed to create TMs by recording multiple
authorships, we proposed the use of blockchain technology. Blockchain supports the
sharing of a ledger of transactions among participants. It can provide highly secured,
transparent, and immutable data records with decentralized management. Blockchain
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also supports teachers who will allow their materials to be used under the smart
contract concept. Network consensus us used to ensure all blockchains in the network
are legitimate and that all the copies in the network are the same.

2.2 Blockchain-Based Collaboration System for Academic Publication

There continues to be a lot of research effort on using blockchain systems in the context
of education. As for supporting academic collaboration, research has focused on the
collaboration for creating individual scientific papers or academic publications [6–8,
12, 16].

ScienceRoot [16] proposed a blockchain-enabled scientific ecosystem in 2017. It
focuses on the research process and provide a science research marketplace with
tokenization. Its “Science Token” supports grant funding, publishing and scientific
collaboration. Orvium[8] was introduced in 2018; it is open source and acts as a
decentralized platform to support blockchain-based collaboration for science publica-
tions. The system supports researchers and institutions in sharing their research with
open access journals. The system provides a public and transparent trace of all activities
on a research paper from first submission, revisions, peer reviews, copyright and user
license changes. Paper files are stored in digital object identifier (doi) system with proof
stamp to create a hash of the work.

Eureka [6] is a blockchain-based incentive publication model. It enables authors,
referenced/linked authors, editors, data providers and reviewers to share the economic
rewards (if any) via the digital token called ‘EKA”. Pozi et al. also considered col-
laboration in writing scientific publications. It proposed to use a blockchain system to
preserve that editing history on a block together with calculated contribution rates. It
uses the NEM smart asset platform to test its system design where each block can store
up to 1024 characters [9].

Yet these works explored the collaboration conducted in creating one single output
with blockchain technology. They ignore the collaboration involved in sharing ones
work to allow others to use it. In creating TMs, making use of existing resources, other
teacher’s TM, is important and TMs can exist in different teachers’ materials. In
addition, TMs are likely to be updated from time to time, so authorship is dynamic.
Previous works focused on use blockchain technology to record the collaboration of
one academic paper and so cannot satisfy the needs inherent in TM collaboration.

3 Framework

3.1 Collaboration Model of Creating TM

When creating TM, the collaboration is largely making use of other’s material in
creating own TM [1, 10, 11]. We consider the main activities in collaboration are using
other teacher’s material and add it to one’s own TM. We illustrate this simple col-
laboration mode of TM (TM) creation in Fig. 1.

There are four teachers in the figure. They are Teacher A, Teacher B, Teacher C,

and Teacher D. We use colors to represent material from different teachers. Teacher A
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created TMa and allows other teachers to use it. Teacher B used part of TMa in his/her
own TM, TMb. So TMb is a combination of TMa (all or part) and Teacher Bs’ material.
The authorship of TMb literately belongs to both Teacher A and Teacher B. Next,
Teacher C uses TMb in his/her TM, TMc. So the authorship of TMc belongs to
Teacher A, Teacher B and Teacher C. Thus, we view TM creation as the collaboration
of different teachers in that they share their materials. In addition, if a TM with multiple
authorships is used to create a new material, the multiple authorship should be folded
into the new material.

3.2 System Framework

Based on the above collaboration model, we aim to design a blockchain system
framework to support collaboration. For collaborative content creation, the collabora-
tion system provides a platform allowing authors to co-write a document and record the
version history that identifies authorship of different parts of a document [20].
The OER system, on the other hand, asks authors to donate their works to the platform
and allows them to be used freely such as being used in new TMs or being redistributed
to students. The OER platform acts as a library that stores educational resources but
provides no records on how these resources are used.

The proposed system supports collaboration in the use of existing TMs and
attributing authorship. That is to say, rather than recording the editing activities of
different authors in the collaborative writing process, we record how different materials
were used in creating a TM.

The features required for storing multiple authorships securely and transparently
can be realized by blockchain. On the other hand, the features needed to compile
various material files can be supported by existing word processing applications, such
as MS word or GoogleDoc. After finish compiling or edit a TM, the information of
authorship is extracted and turned into blockchain records.

Teacher C creates 
TMc with Teacher 
B ’s TM. So TMc

contains Teacher A, 
Teacher B and 
Teacher C’s TMs.

Teacher B creates a 
TMb with Teacher A ’s 
TM. So TMb contains 
Teacher A  and Teacher 
B’s TMs.

This is 
Teacher A’s 
TMa.

Teacher D creates TMd with 
Teacher C and Teacher A’s TM. 
So TM C contains Teacher A, 
Teacher B and Teacher C’s 
TMs.

Fig. 1. Example of collaboration in TM creation (TM)

A Blockchain-Based Collaboration Framework 7



In Fig. 2, we outline the system framework, and a transaction example of creating a
TM and the interaction with our proposed blockchain-based system. Blockchain con-
sists of three elements, a P2P network whose nodes are the participants and a smart
contract which governs the execution of transactions among the participants. The
blockchain exists on a distributed database as stored transaction records.

The transaction example of creating TM starts with (1) Teachers register their
original TM and authorship to the system to allow sharing. (2) Teacher selects materials
that are going to be used in the new TM. These materials already registered in the
blockchain system and the system also record which materials are selected. Next,
(3) teacher compiles the TM using a word processing application. Upon completion,
(4) the TM is registered with the blockchain. It extracts the authorship information of
selected materials and creates a transaction that records the multiple authorship of the
registered TM. When a TM is updated, it treats the process as creating a new TM and
registers its multiple authorship with blockchain.

With blockchain as a core, many off-chain features can be added-on to provide all
around support to TM usage. For example, the access management function can be
supported by existing access control solutions, such as generating a crypto key to
restricted blockchain access [13]. InterPlanetary File System (IPFS) has been suggested

Blockchain system

(1) register original 
created material 

authorship

(4) register a 
teaching 

material’s 
authorship

(3) creates a material 
with others’ material

(2) select 
materials

Transaction
[id, hash]

Transaction
[id, hash]

Transaction
[id, hash]

Transaction
[id, hash]

Block header

Previous hash

Transaction

Transaction

Block N-1

Block header

Previous hash

Transaction

Transaction

Block N

Block header

Previous hash

Transaction

Transaction

Block N+1

Participants peer networks

Smart contract execution

Blockchain data storage

Fig. 2. Example of collaboration in creating TM
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to support blockchain in handling large files [12, 18]. Access functions to control and
count the number of accesses can also be added.

3.3 Blockchain Smart Contract

Blockchain uses smart contracts to govern the transactions among participants, in this
paper’s case, teachers. The contract is specified with functions. In order to create a
record of multiple authorships and contribution shares in a collaboratively created
material, the smart contact in the system must have records of authorships of each
material involved as well as the authorships and contribution share information of a
material which may contain other teachers’ material. Thus the system must have two
core functions: createMaterial and deriveMaterial. Details of these functions are listed
in Table 2.

createMaterial registers the authorship of a TM in the blockchain system. The
creator is the account that executed this method. deriveMaterial records the authorship
information of the materials involved in the TM. This function creates transactions to
record the TM that incorporates the TMs of others with blockchain. The creator is the
account that executed this method. The ids and proportions are stored in an array of the
IDs of the imported materials and an array holding the usage ratios. Percentage is a byte
representation of a double-precision floating point number. When deriveMaterial is
invoked, the getProportion function is called to calculate the contribution share of
materials present in the TM. It takes as input the contribution percentage of used
material and calculates the remaining portion as the contribution from the teacher
creating this new TM. This proportion share is then recorded.

Table 2. Smart contract functions in the system

Function
Name

Parameters Return
values

Description

createMaterial name: string
hash: string

ID of the
created TM
(number
starting
from 0)

Records the creation of material with
blockchain. The creator is the account that
executed this method

deriveMaterial name: string
hash: string
ids: unit[]
proportions:
bytes[]

ID of the
created TM
(number
starting
from 0)

Records the created TMs that incorporate
others materials with blockchain. The
creator is the account that executed this
method. The ids and proportions are an
array of the IDs of the imported materials
and an array of usage ratios. Percentage is a
byte representation of a double-precision
floating point number
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4 Prototype Implementation

In this section, we give details of a prototype deployed on the Remix-Ethereum IDE
platform [19]. We wrote the smart contract functions of the proposed system in Solidity
language. We give scenarios that demonstrate our deployment and report the execution
log results of the two functions and show the transactions stored in the blockchain.

In the new TM is created using another TM which already consists of multiple
authorships, nesting calculation function can be added to derive the authorship. Calling
the authorship and contribution share record of the used materials results in the cal-
culation of authorship and contribution share of the new TM. The contribution share
calculation also involves an additional function to account for file size, word counts, or
pages etc. Currently we do not specify the contribution share evaluation method.

In scenario 1, a teacher registers an originally created TM which does not contain
other people’s works with the system. The system executes createMaterial method.
The teacher with account{2} in the system registers her TM with name of “work3” and
“work3hash” hash to the system. The system uses the smart contract (contract appli-
cation binary interface) to execute the request and create a log record with timestamp as
shown in Fig. 3.

Fig. 3. Scenario1: Register an originally created TM with createMaterial function and
transaction log result

10 H. Chou et al.



In scenario2, we give an example of a teacher creating a TM that includes an existing
TM. The multiple authorships and contribution shares of the material are recorded with
the system. There is TM1 created by account{0} and TM2 created by account{1}. The
teacher of account{2} used the TM of two previous teachers in creating “TM1”. The
contribution share of TM1 is 20% and contribution share of TM2 is 25%. So her own
contribution share in “TM1” is 55%. In Fig. 4 we present the transaction details and log
results. This execution creates a transaction in blockchain system and has the timestamp
of “1598747437614” by calling the smart contract (contract hash is shown in abi) in the
system. The transaction log shows that TM1 contains parts of two other TMs. They are
work1 and work2.The list [0,1] represents the id of work1 and work2 which are used in
the material1. The authorship proportions are represented in 64-bit binary format as
[“0x3fc999999999999a”, “0x3fd0000000000000”] for work1 and work2, respectively.
Figure 4 shows the log result that deriveMaterial was successfully called and the correct
transaction information is stored in the system.

5 Discussion

Currently, collaboration for using existing resources to create TM largely relies on the
commonly agreed exemption for educational purpose. Yet not all useful resources have
this exemption. So we proposed a system that provides authorship information and
contribution share of the materials reused. For open collaboration activities, this system
provides an alternative to the Creative Commons license that so will encourage
knowledge sharing. Blockchain is suitable in this case because it provides an

Fig. 4. Scenario 2: Register a collaboratively created TM with deriveMaterial function and
transaction log result
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immutable public ledger to record the authorship for the teachers who share their
materials. Yet blockchain can be expansive in terms of miner cost. In addition, due to
its immutable nature, scalability should be taken into consideration when designing the
system. Accordingly, we propose that the data stored in blockchain to be just the bare
minimum with only authorship and contribution shares of the finished material and not
the edit history created in compiling the material.

To allow TM to be used by various teachers, we propose to register each material
with blockchain together with transactions that record authorship. When such a
material is used or exists in other TM, the system uses the deriveMaterial function to
create a transaction that records the multiple authorship and contribution shares of each
author. This function is also used when a TM is updated. The deriveMaterial function
treats an update as a new transaction as so records the authorship and distribution of the
latest version.

With the core on-chain functionality design, off-chain functions can be added to
call the data in the blockchain such as notifying the author when his/her TM is used, or
implement royalty distribution. When a TM is distributed to students, an off-chain
access control function can be added to let the teacher manage the distribution of his/
her material as well as count the number of access to know how many times a TM has
been distributed. In addition, there are many existing blockchain platforms that the
proposed blockchain system can built on. Security and scalability in general are sup-
ported by the blockchain technology we used.

The goal of this research is to propose a system to facilitate collaboration in
creating TM that allows royalty sharing. Our system’s functionality can record the
authorship and calculate contribution share when a teacher’s TM reuses other teacher’s
material. In addition, our system can handle the hierarchical reuse of TMs as well as
their updates. Our add on contribution share calculation function can truthfully record
each teacher’s contribution in a TM, and the information can be used for distributing
royalties or other benefits.

6 Conclusion

Our work addresses the challenges of creating TM when making use of people’s work
protected by copyright. We consider a smart contract among teachers who are willing to
share their materials and collaborate by the automatic recording of authorship when
other teachers’materials are used. Therefore, we propose a system that supports multiple
authorships and records contribution shares to encourage collaboration in creating TM.
In addition, we exploit the benefits of blockchain technology to create a smart contract
among teachers with a public ledger that offers secure authorship records without the
need for centralized management. The authorship records held on blockchain can be
combined with many existing solutions, such as cryptography to secure access control,
large file storage and other off-chain functions to support the TM delivery process.

We designed two blockchain functions to register material and compile multiple
authorships and determine contribution shares. They are createMaterial to add a
material’s authentication information to the blockchain and deriveMaterial which
determines multiple authorships and the contribution share of each author. For the
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latter, deriveMaterial calls the getProportions function to calculate contribution shares.
We used the Ethereum Remix platform to implement a smart contract prototype and
tested the functionality of the two proposed functions. Transactions were executed
successfully and verify the achievement of our research goal. To conclude, this work
provides a system framework that supports collaboration beyond OER so that TM
creation can be enhance with the use of copyright restricted resources. The proposed
blockchain system supports royalty sharing in the open collaboration of TM by pro-
viding records of authorship and contribution shares of material. The blockchain
records can be used to acknowledge ownership or as evidence for royalty sharing. Our
prototype implementation on Ethereum IDE demonstrated the feasibility of put such
records into a blockchain system.
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Abstract. Learning and collaboration are of major importance for organiza-
tions to be able to change and improve continually. Interactive learning tech-
nologies offer new opportunities for organizations to facilitate sharing of
experiences and organizational learning by engaging employees in collaborative
and reflective processes. This paper was initiated through an ongoing research
project—seeking models or frameworks that could be used to support and
analyze these types of processes. We have reviewed the literature to explore how
the use of interactive learning technologies can support learning in organizations
to improve organizational culture by addressing dilemmas that employees might
face in their work-life. Our work revealed that key concepts to achieve this are
knowledge sharing, experiential learning, and learning at the individual, group,
and organization levels. Furthermore, crowdsourcing is considered as a means
of engaging and gathering the inputs and feedback from the employees using
learning technologies. The main contribution of this paper is a conceptual
framework that addresses a research gap in enhancing the support for reflection
processes and organizational learning to improve organizational culture by
applying the affordances of methods such as interactive learning technologies,
planned group events, and crowdsourcing.

Keywords: Interactive technologies � Organizational culture � Organizational
learning � Crowdsourcing

1 Introduction

A work-life characterized by a rapid pace of change due to globalization, new tech-
nology, and the movement from an industrial society to a knowledge society requires
organizations to continually be adaptable, creative, and innovative. The importance of
improving organizational culture to achieve organizational change is widely acknowl-
edged [e.g., 1, 2], and there is also a significant proportion of literature which argues that
organizational culture can be managed [3]. Particularly, sharing knowledge and orga-
nizational learning is important in order to utilize knowledge and information for
changing and improving organizations continually [4, 5]. While there are many benefits
of having a strong and clear organizational culture [3], organizations often strive in their
quest to identify and use optimal methods for improving their culture.
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The significant increase in the development and use of interactive learning tech-
nologies may offer attractive opportunities for organizations to facilitate knowledge
sharing and learning, which in turn may shape the attitudes, beliefs, and behaviors of
workers. While there are several models, frameworks, and guidelines related to
knowledge management [e.g., 3, 6], technology-enhanced learning [e.g., 7], and
technology-mediated learning [e.g., 8], there is a lack of guidelines and frameworks
that address the whole process of how technology-enhanced learning activities could be
used to build organizational culture by supporting organizational learning where the
use of learning technologies are combined with social group processes and culture
practices. To our knowledge, the lack of models or frameworks that support the use of
technology to support knowledge sharing, reflection and learning within groups and the
whole organization is noticeable.

In this paper, we explore how learning technologies can contribute to support the
improvement of an organization's culture through organizational learning by addressing
dilemmas that employees might face. Specifically, we aim to answer the following
research question: How can the use of interactive learning technologies support
learning in the organization to improve organizational culture? The main contribution
of this paper is a conceptual framework for guiding interactive and collaborative
technology-enhanced learning processes in organizations by supporting knowledge
sharing, reflection and learning. The framework also illustrates how learning tech-
nologies can support learning at the individual, group and organization levels, and
across these levels, to enhance organizational learning [9], and emphasizes the pro-
cesses and activities beyond single events or activities, such as timebound single
workshops.

The rest of this paper is organized as follows: First, Sect. 2 describes the research
and development project that provides the research context of this paper. Second, in
Sect. 3 we provide a theoretical background on dilemmas and organizational culture
building, organizational learning experiential learning, knowledge sharing and
knowledge transfer, and crowdsourcing. Third, in Sect. 4 the conceptual framework for
guiding organizational change activities is presented, followed by discussion and
concluding remarks.

2 Research Context

Besides the synthesis of the literature for investigating how learning technologies can
improve organizational culture, this study was initiated in and informed by a research
context of a multidisciplinary Research and Development project, financed by the
Norwegian Research Council. In this project, the use of an interactive learning tech-
nology facilitates to bring forth the dilemmas that employees face in their daily work,
by facilitating exchange of experiences and learning within the organization.
Employees’ concerns are considered as dilemmas, which may be resolved in several
alternative ways, and each individual or group may choose to resolve them in different
ways. The aim is, thus, to use learning technologies to support sharing of experiences
and reflective thinking among the employees. New technologies are combined with
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new principles for management and governance to create change readiness in
organizations.

While the activities for designing the interactive learning technology is based on
Design Science Method [10] and Participatory Design (PD) [11], the overall research
approach for the project is Action Research. This approach involves communities of
inquiry action that evolve and address questions and issues that are significant for those
who participate as co-researchers [12]. Action Research is a participatory process
concerned with developing practical knowing that seeks to bring together action and
reflection, and theory and practice, in participation with others in the pursuit of prac-
tical solutions to issues of pressing concern to people, and more generally the flour-
ishing of individual people and their communities. It is a research approach that
primarily arises as people try to work together to address key problems in their
communities or organizations [12].

This paper focuses on the development of a conceptual framework that addresses
the challenge of supporting knowledge sharing and learning from individual and group
levels to the organization to improve organizational culture. See Fig. 1. We have
reviewed the literature to explore how such a process can be supported using tech-
nologies for learning and collaboration.

3 Theoretical Background

3.1 Dilemmas and Organizational Culture Building

The culture of the organization affects how much individuals identify with their
organization, and it is also regarded to be one of the main elements for promoting an
innovative environment [13]. The essence of organizational culture is the “values,
beliefs, and norms or behavioral practices that emerge in an organization” [14, p. 247],
which affects how problems are defined by individuals in the organization and the
strategies they use to solve them [15].

There is a significant proportion of literature that argues that there are many benefits
from having a strong, clear organizational culture and that organizational culture can,
and should, be managed [3]. However, this is often challenging. Larger organizations
may consist of several co-existing and conflicting subcultures [14], creating divergent
interpretations and influencing the nature of relationships within the organization [15].
Furthermore, the context of the recent Covid-19 crisis has challenged the conditions for
performing and evaluating work—creating conflicting orientations about issues at stake
—also known as dilemmas.

Fig. 1. Learning and collaboration process from timebound workshops to improved organiza-
tional culture.
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Dilemmas occur at the individual and group levels and offer the potential to reflect
on issues at stake from different perspectives. Dilemmas manifest in decision-making
when actors need to make a choice and the available options exclude one another and
have consequences that make them equally desirable and undesirable [16]. Decision-
making in organizations is pervaded with various dilemmas that employees face every
day in their work lives. The explication of dilemmas is therefore crucial for experiential
and organizational learning [16]. Critical outcomes of barriers related to organizational
dilemmas may involve divergent visions carried by the employees and by the man-
agement and misinterpretation of employees’ metaphors by management, leading to an
organizational culture that is fragmented and unable to support the organizational
strategy. Dilemmas particularly impede organizational effectiveness if employees are
forced to act instead of being allowed to reflect on the issue and reconsider their
actions, which are necessary for learning to take place and taking the best decision [16].

Building an organizational culture requires a reconciliation of opposites through
increased reflection and understanding about the different values, norms, and behav-
ioral practices that exist in the organization. Directing attention to the dilemmas that
workers are facing will force workers to examine these aspects [16], and communi-
cating about dilemmas is also argued to increase collaboration [17]. This enables
organizations to discover inconsistencies between individual needs, aspirations and
behaviors, and the organization’s culture and strategies.

Collaboration tools for explicating dilemmas in organizations (i.e., multi-actor
context) were, before the study of Castaño et al. [16] scarcely in the literature. The
literature on collaboration tools emphasizes that collaboration in teams is improved
through the cooperative use of objects [18]. According to Castaño et al. [16, p. 38],
such tools need to “(1) support actors to voice their interpretations and (2) represent the
interrelatedness of issues at stake”, to increase engagement and collaboration among
individuals.

Steiner [p. 193, 19] argues that organizational learning “concerns growing com-
petence among individuals in communicating and solving dilemmas and problems
successfully, both in the short and the long term”. According to Castaño et al. [16],
finding solutions that bridge competing demands that are the origin of dilemmas is
encouraged by revealing and debating dilemmas. Creating awareness of dilemmas (i.e.,
looking at issues from different angles) is critical since individuals may feel paralyzed
or locked-in if they do not know what to do in specific situations, which also can lead
to avoiding or ignoring deliberation and exploitation of opposites [16, 20].

3.2 Organizational Learning

The aim of organizational learning is to utilize knowledge and information to change
and improve continually [5]. The literature points to primarily three levels of organi-
zational learning in every organization: the individual level, the group level, and the
organizational level [9]. Individual-level learning involves employees creating,
understanding, interpreting, and experimenting with new ideas and information [9].
Individual learning might involve an adjustment of behavior through conceptual and
cognitive processes [9]. Group-level learning is considered important for organizational
learning to occur [21]. A group-level perspective on organizational learning highlights
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interpersonal perceptions and behavior. The focus shifts towards interactions among a
limited group of employees and how these interactions enhance or hinder the process of
creating new knowledge and initiating new actions. At a group level, employees share
their learning with others, make interpretations together and a group assumption is
achieved [9]. However, for learning to occur on higher levels in organizations (i.e.,
achieving organizational learning), it is necessary to systematically embed individual-
and group-level learning in organizational structures and processes [4]. Hence, orga-
nizational learning is a change process that seeks to enhance an organization´s capa-
bility to acquire and develop new knowledge [3].

3.3 Experiential Learning and Reflective Learning in the Workplace

The Experiential Learning Theory (ELT) has had a major influence on the design and
conduct of educational programs in management training and development and in
formal management education [22], e.g., experiential learning in teams [23] and
reflective learning processes in the workplace [24]. Experiential learning is described as
a process where knowledge is created through the transformation of experience and
knowledge results from the combination of grasping, reflecting, and transforming
experiences. Approaches such as Kolb’s experiential learning theory [25], which
describe the processes from a concrete experience, and through reflection to transformed
action, can enrich the management of better human performance in organizations.

Learning technologies can enable users to recognize, engage with, and reflect on
experiences, which can enhance the learning effect. Reflective learning is a mechanism
to turn the experience into learning opportunities. It is viewed as “the conscious re-
evaluation of experience for the purpose of guiding future behavior” [24, p. 2].
Reflective learning has been found to be critical for success at work and as a mech-
anism for self-directed learning, but it has been emphasized that there is little work
regarding the connection of reflection on individual, group and organization levels [24].
Activities at the individual level are important when recognizing that individual
changes occur within the context of facilitating organizational changes [26] while
organizational learning aims to help organizations to use knowledge and information to
change and improve continually [2].

Krogstie and colleagues propose a model for Computer Supported Reflective
Learning (CSRL-model), which describes both individual and collaborative learning
and learning that impacts larger parts of an organization [24]. The CSRL-model aims to
inform the design and implementation of technology to support reflective learning at
work [24]. The CSRL-model, influenced by ELT, contains four stages of reflection:
Plan and do work (1), initiate reflection (2), conduct reflection session (3) and apply the
outcome from the reflection session (4). An event or experience while doing work
triggers the need for a reflection session, which is a planned activity. The outcome(s) of
a reflection session is the change that could be applied during work, i.e., learning to
perform better during work as a consequence of the reflection activity (Fig. 2).
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Reflection models are also influenced by the concept of Schön of a reflective
practitioner [27], who reflects “in action”, while performing a task as well as “on
action” after performing the task, as addressed in the CSRL-model, amongst others. In
addition, critical reflection [28] is considered important in transformative learning,
decision making and changing behaviours and habits. Transformations in individuals,
groups or organizations are often outcomes of a series of experiences that span beyond
one event or often an individual. The reflection continuum model [29] considers
reflection and learning as a continuous process, where an individual or a group of
individuals, critically examine the current situation at hand and how they got there
(looks back on the series of previous actions) and anticipates the consequences of
potential actions before making a choice. The ability to reflect as such can be important
in dealing with the dilemmas that arise in the workplace.

Most of these theories focus on individual reflection, although they can be applied
to groups and the organization. Krogstie et al. [24] describes how the CSRL-model
could be applied, where an individual's experience could be shared and reflected within
a group, or indeed one group's experience could be shared and reflected among several
groups.

3.4 Knowledge Sharing and Knowledge Transfer in Organizations

Knowledge sharing provides an important link between the individual employees and
the rest of the organization and sharing experiences within and across groups is nec-
essary to be able to support learning within an organization [30]. Knowledge transfer in
organizations is referred to as “the process through which one unit (e.g., group,
department, or division) is affected by the experience of another” [p. 151, 31].
Knowledge transfer thus reflects knowledge moving within or between organizations
[e.g., 32, 33], and is argued to have happened when the recipient unit’s knowledge or

Fig. 2. The CSRL model adapted from Krogstie et al. 2013.
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performance changes [31]. Hence, while sharing of knowledge entails the provision of
knowledge by a source, it is also critical that a recipient acquires and applies the
knowledge [30]. Notably, this should be regarded as a process of reconstruction [34], as
knowledge is information interpreted and applied by the individual recipient [35].

When recognizing that knowledge exists at multiple levels within organizations,
several factors that influence knowledge sharing in organizations can be identified. For
instance, motivation to share, opportunities to share, and the culture of the work
environment has been identified as major factors that influence knowledge sharing
between individuals in organizations [36]. Sense of group identity and personal
responsibility may help groups to shift towards a cooperative mode and help organi-
zations to stimulate social dynamics that increase overall knowledge sharing [37].
Organizational culture and reward systems are two examples of organizational factors,
and poor usability and information overload are examples of technological factors [38].
Liyanage et al. [35] emphasize four factors as prerequisites of a knowledge transfer
process, including being able to identify where the knowledge resides, that individuals
are willing to share their knowledge, that individuals are willing to acquire knowledge,
and that the receiver is able to understand and use the knowledge [35].

Spreading and managing the knowledge of an organization's workforce can be
achieved via a wide range of methods—either directly using ICT, or more indirectly
through the management of social processes, the structuring of organizations, or via the
use of culture and people management practices [3]. Technology-enhanced learning
aims to design, develop, and test socio-technical innovations to support and enhance
learning practices of both individuals and organizations [39]. However, combining
computer-based knowledge sharing with experiential learning is argued to be a major
dilemma because promoting the former implies less of the latter [40]. Even so,
computer-based knowledge may have a mediating role by facilitating or impeding
experiential knowledge, e.g., tasks can be solved, and knowledge can be spread effi-
ciently by making use of the skills and knowledge of large groups of people by
enabling crowdsourcing [41].

3.5 Crowdsourcing and Organizational Learning

Crowdsourcing has been analyzed as a contribution to organizational learning [41]. It
presents a potential mode of learning that can be embraced by many or most organi-
zations. However, how organizations can use crowdsourcing for learning is a one of the
more unexplored questions in crowdsourcing [41]. Different terminologies have been
used to describe what crowdsourcing is. Estellés-Arolas and González-Ladrón-de-
Guevara [42] analyzed and synthesized 40 definitions extracted from 209 documents.
As a result, they identified eight common characteristics to any given crowdsourcing
initiative: a defined crowd, a delineated task, a clear recompense for the crowd, the
identified crowdsourcer, defined benefits for the crowdsourcer, an online process, the
open call, and internet usage. Thuan, Antunes, and Johnstone [43], define crowd-
sourcing as “an online strategy, in which an organization proposes defined task(s) to the
members of the crowd via a flexible open call, in order to harness their work,
knowledge, skills, and/or experience” [43, p. 42]. Three literature streams of crowd-
sourcing can be identified. The first stream is in computer science where the focus is on
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technically new implementations where non-technical aspects of crowdsourcing are
often neglected. The second literature stream focuses on crowdsourcing participants’
behavior, while the third and smaller stream is concerned with crowdsourcing on an
organizational level of analysis [41].

Geiger, Rosemann, and Fielt [44] have classified the variety of crowdsourcing
systems in four types of open systems that illustrates how crowdsourcing could support
learning and collaboration in organizations: Crowd processing, crowd rating, crowd
solving, and crowd creation. Crowd processing systems combine individual contribu-
tions to deliver a correct solution or result for a task. With crowd rating systems every
contribution represents a specific vote where there is no right or wrong result. Crowd
solving systems can enable people to get as close as possible to the best solution. With
crowd creations systems, contributions are put in relation to each other instead of being
evaluated isolated. Even though these systems provide one distinct service each,
crowdsourcing projects are often built on systems that combine crowd services, and
quantitative and qualitative components. The choice of the type of crowd system,
depends on what the specific goals of a crowdsourcing project are [44].

Schlagwein and Bjorn-Andersen [41] consider organizational learning theory to be
a suitable theoretical basis for understanding crowdsourcing as an organizational
practice. Some of the early applications of crowdsourcing to engage learners to con-
tribute and create their own learning material can be seen in the mobile apps Cloudbank
[45] and Lingobee [46]. Both these applications were designed to crowdsource and
share language learning content among the learners to support contextualized, col-
laborative learning. Organizational learning through crowdsourcing represents an
effective form of organizational learning. It constitutes a legitimate and complementary
form compared to traditional organizational learning, therefore Schlagwein and Bjorn-
Andersen [41] propose “ambient organizational learning” as a framework to integrate
both IT-enabled, non-member-based organizational learning with crowdsourcing and
traditional, member-based organizational learning.

4 Conceptual Framework

We propose a conceptual framework for guiding interactive and collaborative
technology-enhanced learning processes where the aim is for employees to collaborate
and reflect on dilemmas and their beliefs and values, and to think beyond time-bound
and planned group activities. The conceptual framework, Improving Organizational
Culture Using Interactive Learning Technologies (ICULT), is designed to guide and
evaluate the use of interactive learning technologies in organizations. It may also help
future research to classify and analyze influencing factors for improving organizational
culture and practice more systematically.
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The framework illustrates the steps from initiating the use of a learning technology
and using a learning technology within planned activities such as a time-bound
workshop, to informing decisions for concrete actions to improve organizational cul-
ture (see Fig. 3). The planned activities involve reflection and learning activities for
individuals, groups and the organization, which are similar to the “initiate reflection”
and “conduct reflection” steps identified in the CSRL model [24]. The outcomes from
such activities could range from continued reflection processes to concrete actions to
improve organizational change.

The ICULT framework consists of five steps and applies to three levels within an
organization: the individual, the group, and the organization. The five steps, starting
from the left side of Fig. 3 are: (1) Initiation, (2) conducting events (e.g., time-bound
workshops), (3) knowledge sharing, (4) interpretation, and (5) actions for improvement.

The first step in the ICULT framework involves initiating and planning a time and
space-bound event, such as a workshop, in an organization. The group activities would
naturally involve several participants, i.e., a group of people. This step may be con-
ducted by a team manager or a human resource manager. In this step, the status quo of
the organizational culture is assessed to select relevant topic for discussing dilemmas.
Also, the employees need to be recruited, information about the goal of a group activity
needs to be shared, and the material to be used in the workshop needs to be created.

The second step directs the attention to sharing knowledge and experiences among
the participants. Here, the employees use the learning technology in a planned time-
bound event to encourage sharing and reflection about different dilemmas that
employees are faced with. The participants in this event include the initiator and
knowledge owners who take part in the workshop to enable experience sharing and
reflection. This step of the framework involves individual learning through reflection
on dilemmas, sharing individual knowledge and experiences through the technology,
and individual reflection on the shared knowledge. Furthermore, this step also facili-
tates group-level learning through group discussions and reflection on the shared
knowledge. Ideas from crowdsourcing, particularly gathering knowledge and experi-
ences from individual participants for sharing, are applied here through the affordances
of the interactive learning technology. Notably, the second step may include several
events or several workshops, which are depicted in the figure by the circular arrows in
the conceptual framework.

The third step emphasizes the sharing of the knowledge created in group events
with others in the organization outside of the group event. This step will be a critical
point in the process of going beyond the individual and group levels and for knowledge
and experiences to become accessible at the organizational level. The knowledge
created during a workshop can be shared through data collection, data analysis, and
crowdsourced contributions saved in the learning technology, and/or through the
participants who may share their experiences and lessons learned to their colleagues
through personal interaction. Utilizing both the systematic spreading of information
combined with self-initiated social interactions among individuals could contribute to
accelerating organizational learning.

The fourth step is where information is being received, read, and interpreted by the
targeted recipients in the rest of the organization who did not participate in the planned
events. On the individual level, the recipients would be colleagues of the facilitator and
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the participants of the workshop who are interested in the topic. On the group level, the
recipients are key individuals responsible for synthesizing the knowledge generated in
step three to receive information shared outside of the planned activities, either through
reading documents generated by the learning technology and/or by communicating
with colleagues that participated in the facilitated event. These key individuals can be
decision-makers, such as team leaders, or human resource managers, or directors who
are responsible for deciding action points based on the knowledge created in the
workshops and information shared. This step emphasizes the importance of how the
knowledge could be shared beyond group events. The synthesized knowledge should
be visualized and presented to targeted recipients such that they find it relevant,
interesting, and easy to assimilate. This could, for example, be in the form of a
structured report with graphics.

Finally, the fifth step focuses on the actions for improvement that have been identified
from the planned event (e.g., a workshop) to embed individual- and group-level learning
in organizational structures and processes. Here, decision-makers associate the knowl-
edge with the internal needs of the organization, recognize the potential benefits, and
decide what actions should be implemented for the organization to be able to improve the
organizational culture and learn from the process. The decision-makers of actions for
improvement on an individual level could be the participants themselves who create
personal goals and actions for their development, and other individuals in the organi-
zation that could benefit from it. On a group level, this might involve the team manager
and, on an organizational level this might be the human resource managers or directors.

5 Discussion

With this paper, we have explored how the use of interactive learning technologies
could facilitate improvement of an organization's culture through individual-level,
group-level, and organization-wide learning activities.

Our conceptual framework ICULT addresses the challenge of knowledge sharing,
reflection, and learning from individual and group levels to the organization with the
aim to improve organizational culture. The conceptual framework leverages on existing
models such as the CSRL model [24] to support planned reflection and learning pro-
cesses for individuals and groups within an organization. Furthermore, it addresses a
research gap in enhancing the support for learning and reflection beyond individual and
group levels, by applying the affordances of methods such as crowdsourcing and
interactive learning technologies to trigger reflection processes through planned events
and support the continuation of these processes after the planned, timebound work-
shops. While discussing dilemmas enables tapping into the organizational culture
through bringing forth individual values and beliefs, the continuation of support for
these processes is important to improve organizational culture. Technologies for
learning and collaboration can provide a platform to support a structured way of
managing the crowdsourced content from planned group events, and across the orga-
nization. An overview of how learning technologies could support the different steps of
the conceptual framework are summarized in Table 1.
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Table 1. Overview of how a learning technology supports the different steps of the conceptual
framework.

Step Activity Technology support Aim

1 Initiation of
learning process

Gathering relevant
information from different
sources in the organization
for assessing the status quo of
the organizational culture.
Support invitations and
preparation of material for the
event

Prepare for creating content
to the interactive technology,
such as identification of
relevant dilemmas

2 One or more
planned events
(e.g., timebound
workshops)

A platform to crowdsource
contributions from
participants e.g., by
incorporating elements from
systems of crowd processing,
crowd rating, crowd solving,
and/or crowd creation, and
share the crowdsourced
content among all
participants. Furthermore, use
mechanisms to obtain
feedback on the
crowdsourced contents from
all the participants, which
could support group
discussions and the creation
of summaries and reports
related to the contents and
outcomes of the event

Individual- and group-level
learning and reflection.
Sharing knowledge and
experiences among
individuals in a group

3 Knowledge
sharing

Crowdsourced contents from
workshops and automatically
generated summaries and
reports

Enable reflection at
individual and group levels.
Making the knowledge and
experiences accessible at the
organizational level

4 Knowledge
interpretation

Automatically generated
summaries and reports, which
are customizable.
Crowdsourced content from
the workshops

Reflection at individual level.
Organizational learning.
Making the knowledge and
experiences accessible at the
organizational level.
Visualize and present relevant
knowledge to targeted
recipients effectively

5 Actions for
improvement

Customized reports which
include a list of follow up
actions

Enable decision- makers to
effectively embed individual-
and group-level learning in
organizational structures and
processes
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In addition to using crowdsourcing as a method for promoting organizational
learning, the learning technology could support experiential learning by enabling
employees to share and reflect on issues at stake from different perspectives. The
explication of dilemmas could further be supported by visualization of the crowd-
sourced dilemmas and by adding interactive elements in the learning technology that
requires employees to actively engage with and solve colleagues' dilemmas individu-
ally. This could be useful to support employees to voice their interpretations and
represent the interrelatedness of dilemmas at work to explicate organizational
dilemmas.

The ICULT framework emphasizes the use of learning technologies in planned
group events to facilitate reflection, collaboration, and learning. The available options
of dilemmas have consequences that make them equally desirable and undesirable [16],
therefore discussing the individual contributions in groups might be of particular
importance when the topic at hand requires employees to reflect upon values and
beliefs instead of learning factual knowledge where correct answers are given. By using
crowdsourcing and facilitating group discussions in a workshop, an organization can
discover inconsistencies between its’ culture and strategies, and the individual needs,
aspirations and behaviors that affect employees’ choices and decisions in their daily
work life.

The three levels illustrated in the conceptual framework are individual, group and
organization. By analysing the process divided into these levels, several important
influencing factors can be identified. For instance, on an individual level of analysis,
influencing factors to take into consideration when both initiating the process as well as
evaluating its effect, could be motivation and opportunities to share [36]. On a group
level, group identity may have an impact on the process [37]. Furthermore, organi-
zational culture and reward systems are examples of influencing factors on an orga-
nizational level [38]. Learning technologies may support and strengthen influencing
factors through functionalities like data collection and analysis, and by incorporating
interactive elements such as crowdsourcing, and gamification strategies.

6 Concluding Remarks

This paper focuses on the development of the ICULT framework that addresses the
challenge of knowledge sharing and learning from individual and group levels to the
organization with the aim to improve organizational culture. We have reviewed the
literature to explore how such a process can be supported by using technologies for
learning and collaboration.

The use of interactive learning technologies creates new opportunities for organi-
zations to facilitate experience and knowledge sharing by engaging employees in col-
laborative and reflective processes, such as workshops, which may facilitate
organizational change. Identified key concepts for achieving an interactive and col-
laborative approach to improve organizational culture and change readiness are
(1) knowledge sharing, (2) experiential learning, and (3) reflection at the individual,
group, and organization levels. Furthermore, (4) crowdsourcing is considered as a
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means of engaging and gathering the inputs and feedback from the employees using a
learning technology.

The main contribution of this paper is a conceptual framework that supports
organizational culture practices and change through supporting learning and reflection
at the individual, group and organization levels. Our focus has been on the role of
interactive learning technologies that could support the gathering and sharing of
knowledge and experiences within groups and organizations. In particular, we have
used ideas from crowdsourcing to gather and share the knowledge in an organization,
using mobile and interactive learning technologies.

The conceptual framework is based on the experiences of using a learning tech-
nology in workshops within organizations. We are currently conducting more sys-
tematic evaluations of the technology and the process outlined in the conceptual
framework. The main focus so far has been the knowledge gathering and sharing within
planned activities such as timebound workshops (step 2 of the conceptual framework)
and how the knowledge from those could be leveraged both to support the participants
of the workshops as well as the organization as a whole (in steps 3–5). So far, the
benefits of crowdsourcing have been applied mostly in step 2. Some of our ongoing
studies explore additional benefits that could be harnessed from the crowdsourced
knowledge that could support the steps 3–5 of the conceptual framework.

A closer investigation of influencing factors is needed in further research on the role
of the use of interactive technologies in organizations. The ICULT framework could
help guide such investigation.
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Abstract. The creativity of individuals is manifested through the products they
are able to create, so that the attributes of a product also characterize the indi-
vidual who created it. Therefore, a way of measuring the creativity of an indi-
vidual is evaluating and measuring the creative attributes of the products he or
she created. This is the basis of the new model we propose to measure creativity.
The main elements of the model are the product, its creator and the evaluators
that assess it. The products and their creators are characterized by an open set of
measurable attributes, identified from the literature. We have also introduced a
social way of evaluation, so that large amounts of evaluators could participate in
the process. The work of the evaluators is assessed by assigning them a level of
confidence. This level of confidence is assigned and updated considering the
expertise of the evaluator but also his or her behaviour during the evaluation
process. The combination of a large set of evaluators, their anonymity, and their
assessment, have led to a more objective and unbiased system of evaluation and
measuring.

Keywords: Creativity � Measurement of creativity � Social measurement

1 Introduction

Creativity can be understood intuitively as the ability to generate new ideas or concepts
that produce original and useful solutions. It is, therefore, a High-level human capacity
in which many cognitive processes of very diverse nature take part. The complexity of
human thinking in general and of creative ability in particular makes it difficult to be
measured.

In the literature two main areas of study are presented in relation to the measure of
creativity. The most studied way of measuring assumes that creativity is a personal trait
of the individual that can be measured through the qualities of the person. Over the past
century, numerous tests have pursued evaluating the individual’s creativity by ana-
lysing the skills and abilities that lead him or her to be creative. However, there is a
second perspective that studies creativity based on the products that the individuals
create. Various tests are been designed to analyse the different attributes of a product
and evaluate its degree of creativity. From the analysis of many products created by the
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same person, it is possible to conclude whether that person is more or less creative.
This second research area is less explored. We consider that it is worth deepening its
study, pursuing the goal of achieving a more objective measure of creativity.

Furthermore, the current development of information technologies is allowing
digital access to a huge number of individuals who, increasingly, share opinions,
collaborate and evaluate information through digital media. The most paradigmatic
example is the growing use of social networks. In many of these networks the infor-
mation offered is qualified by users in a massive way through different mechanisms
(like/dislike buttons, scores…), which generates currents of opinion, new trends and
other opportunities that can be exploited. In this area many studies and research have
been developed that can be transferred to other areas. In particular, we wonder if it is
possible to use these collaborative and social mechanisms to measure the creativity that
certain products incorporate and, consequently, the creative traits of their creators.

In this paper we propose a new model, to be developed on digital tools in the future,
that incorporates an evaluation of the creativity through the connection of the creative
individuals with a wide number of users who act as evaluators. Based on the analysis of
previous studies on creativity measurement, this study aims at proposing a formal
model for the social assessment of the products and their specific creative character-
istics, rather than general creative skills at an abstract level.

In Sect. 2, a wide background of the topic is presented, mainly focused on cre-
ativity and how to measure it, as well as on social rating systems that will inspire our
proposal. The objectives of the research are presented in Sect. 3. Our proposal is deeply
described in Sect. 4, including the main components of the proposed model and the
dynamics of the system. Finally, conclusions and some open questions are presented in
Sect. 5.

2 Background

This study tries to establish a social system of creativity measurement based on the
participation of a large number of evaluators. Therefore, a tour is necessary on the
existing antecedents related to the three basic pillars of the work: creativity as an
attribute of the human being, the existing proposals to measure the creativity and the
social systems of evaluation.

2.1 Creativity as an Attribute of the Human Being

There are numerous definitions of creativity in the field of research, although it is not
the purpose of this article to discuss or propose a new one. However, it is important to
choose one that suits our purposes. We chose the definition of Sternberg, Lubart,
Kaufman and Pretz [1] since it is complete and very well accepted among researchers:
“Creativity is the ability to produce work that is novel, original, or unexpected; and also
appropriate, useful, of high quality, or otherwise meets task constraints”.
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2.2 Measures of Creativity

During the last century there have been many studies that have addressed the problem
of measuring the level of creativity. In general, we can establish two main lines of
work. The first is to measure creativity as a personal and intrinsic trait or attribute of the
individual through tests, somehow similar to intelligence tests. The second trend
measures the individuals’ creativity through the characteristics of the solutions they
bring to the problems they solve. Next, we focus on this second area.

The research on the characteristics of creative solutions or products is not as
extensive as the literature focusing on the measure of creativity as a personal trait, as
Besemer and O’Quin [2] indicate, especially if we think of transferring the properties of
the products to their creators.

However, researchers wonder what means that a product is creative. MacKinnon
[3] states that “the starting point, indeed the bedrock of all studies of creativity, is an
analysis of creative products, a determination of what it is that makes them different
from more mundane products.” According to Horn and Salvendy [4], “product cre-
ativity appears to be not only subject to the person who is judging the product but also
subject to when and where the product exists”, which allows to extract that utility of a
solution is one of the signs of creativity. For Stenberg and Lubart [5] a product can be
defined as creative when it is original and appropriate. Along the same lines, Amabile
[6] states that the product has to be appropriate, useful and correct. Another interesting
work that studies the properties of creative products, is that of Taylor and Sandler [7]
with their model Creative Product Inventory, in which a group of experts evaluates
seven criteria for the measurement of creativity in scientific products, using a Likert
scale of 7 points. The qualities are: generation, reformulation, originality, relevancy,
hedonics, complexity and condensation.

Finally, the work of Besemer and Treffinger [8] is particularly interesting since it is
the basis of our proposal. They present their Creative Product Analysis Matrix, which
proposes 3 dimensions (novelty, resolution and style) and 9 subscales (surprising,
original, logical, useful, valuable, understandable, organic, well-crafted and elegant).
This model will be studied deeply in next sections since it is the basis of our proposal.

2.3 Social Rating Systems

A social rating system can be defined as a mechanism or tool that allows the evaluation
of a product, in the broadest sense, based on the opinions of a large group of people that
we will call evaluators. This is the case of surveys. In essence, a survey is a procedure
that seeks to collect data through a previously designed questionnaire, to obtain the
opinions or reactions about what is intended to study [9]. Social networks have
introduced mechanisms such as “likes” or other rating systems to evaluate products,
very simple but very effective type of survey. Different alternatives have been pro-
posed: like/dislike, stars, bubbles, scales, marks…

We focus on Scales: it is possible to rate the product on a scale of values, very
frequently between 1 and 5, where 3 would be a neutral score and, below or above,
negative or positive, respectively. This type of scale corresponds to the widespread
Likert scale [10].
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2.4 Discussion About the Background Study

The aim of this section is to identify which aspects of the background study are more
widely developed and accepted and which require further research.

The first controversial aspect in the study of creativity is the definition of the term
itself. Although we have assumed the definition of Sternberg [1], it is still a very broad
and interpretable definition. In this sense, an aspect to be explored is how to complete
the definition of creativity, so that all aspects that make an individual, object or idea
creative are defined in a complete and deep manner. A first approach could be an open,
explicit and measurable definition so that each attribute or characteristic that is an
indicator of creativity could be included in this new definition now or in the future.
A clear relationship with the scale of the degree of creativity should be established.

One of the most difficult aspects of this new definition is that it states the attributes
of creativity must be measurable. The most frequent studies on the measurement of
creativity have always been those focused on creativity as an individual trait, generally
trying to measure the extent of divergent thinking. However, there is also a growing
trend that studies how to measure creativity in products, emphasizing this to be a more
tangible and objective measure. MacKinnon [3] already advanced that the starting point
of studies of creativity, is the analysis of the features that make creative products
different from the common ones. In this case, the attributes to be determined refer,
fundamentally, to the objects or ideas that are the result of the creative process.
Considering this second trend, the work of Besemer and Treffinger [8] is particularly
interesting because of its wide acceptance among researchers and the adaptation to the
objectives of our proposal.

Another interesting aspect that emerges from the background study is the problem
of obtaining reliable evaluations of the product attributes. Tests have been developed
for this evaluation, but the lack of consensus regarding the attributes to be assessed, the
difficulty to find experts to perform the evaluation, and the lack of assessment of the
evaluators themselves, ballast such tests. In addition, it is necessary to rely on human
evaluators (nowadays it does not seem easy to develop automatic evaluation systems)
and finding reliable evaluators willing to evaluate tests is not an easy task. The
emergence of social networks and their rating systems can be an inspiration for the
development of a social evaluation system, based on the opinion of a large number of
evaluators, facilitating participation through the use of technological tools. These tools
facilitate anonymity so that certain biases can be avoided. An unavoidable difficulty in
this field is the generalized perception of the subjectivity of the measurement of cre-
ativity. However, if creativity is well defined, the definition is broken down into well-
organized attributes, and there are a high number of participants, it is highly defensible
that the measurement is considerably objectivized.

3 Objectives

Our initial hypothesis is considering that the creativity of individuals is manifested
through the products they are able to create, so that the attributes of a product also
characterize the individual who created it. So, the general objective of this work is
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proposing a new model to evaluate and measure creativity of the individuals from the
attributes of the products they created. To fulfil this general objective, we set out the
following specific objectives for the evaluation model:

• Identify the set of attributes that make a product creative and how to measure them.
This set will be obtained from the literature but the model will be open, so that this
set could be extended in the future.

• Introduce a social way of evaluation, so that large amounts of evaluators could
participate in the process.

• Assess the work of the evaluators, so that they are assigned a different level of
confidence. This level of confidence is assigned and updated considering the
expertise of the evaluator but also his or her behaviour during the evaluation process.

• Take advantage of the possibilities and the resources that can offer the new digital
tools, which bring a social level with a spectacular potential.

4 Proposed Model

The proposed model is based on the idea that a product is the result of the activity of a
creative individual and, therefore, the tangible element resulting from his creativity. In
this way, the product (it can be an object, an idea, a service, a process, or any result of a
creative process) becomes the central element of the model that will be evaluated in
such a way that the creative individual will be characterized by the assessment of his or
her products.

In order to carry out these evaluations we will need the participation of the eval-
uators, the other fundamental participant in the proposed measurement model. At the
same time, the evaluators will be characterized by the quality of their evaluations,
demonstrated throughout their participation in the system.

In short, the elements the system has are:

• Entities:
– Product: it is the result of the creative process and it can be any object, idea,

service or process to be evaluated. It is characterized by a set of attributes.
Attributes are the characteristics of the product that we can measure and which
indicate the extent to which the product is creative.

– Creative individuals: they are the individuals who perform the creative process
and create the product as a result of that process. The attributes of the product
will also characterize the individuals who created it. The evaluation of the
attributes of the individuals is calculated from the evaluation of the products
they have created.

– Evaluator: is the person who evaluates the products through an evaluation
questionnaire. In turn, the proposed model allows the evaluation and charac-
terization of the work of the evaluators.

• Relationships:
– Create: it relates the creative individuals to the products they create.
– Evaluate: it relates the evaluators to the products they evaluate.

A Social, Virtual and Open Model for Measuring Creativity 35



In Fig. 1 we see a general outline of the different elements that make up the
proposed system.

To complete the general explanation of the model, it is important to explain the
dynamics of the system. The model works iteratively, and it is formed by two cycles:
the one of creation and the other one of evaluation:

• Creation cycle: the creative individual creates a product and makes it available to
the evaluation system. The system remains on the look-out for new products that are
created.

• Evaluation cycle: when there is a product to evaluate the evaluation cycle begins,
which in turn consists of the following steps:

• Evaluate: the evaluator evaluates the product according to an evaluation procedure
that will be explained later. The result of this procedure is incorporated as an
evaluation of the product.

• Update the individual evaluation: the result of the evaluation of the product con-
tributes to the evaluation of its creator (the creative individual), in the form that is
explained below.

• Update the evaluator evaluation: the result of the evaluation of the product con-
tributes to the evaluation of the evaluator. In the following sections we will explain
how this update is performed.

Fig. 1. Elements of the proposed system.
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In short, after performing the different cycles with the work of the different creators
and evaluators, an evaluation for each of the three entities of the system is obtained.
The Fig. 2 presents schematically the dynamics of the system.

4.1 The Product

The product, that is, the object, idea, service or process resulting from the creative
process is the central element of our model. It is characterized by a set of attributes that
we must measure and that indicate whether the product is creative or not, and to what
extent.

The starting point for the attributes that determine a product’s creativity is Bese-
mer’s Creativity Product Semantic Scale (CPSS) [11]. The CPSS model measures
through several evaluators the creativity of a product through many attributes well
classified into three groups or dimensions: novelty, resolution and style.

Each product gets an assessment in each of the three dimensions discussed. The
three dimensions are, in turn, broken down into several facets. This model has
undergone several changes so that different researchers, including its authors, have
considered different facets in various studies.

In our case, we have taken as a basis the original model and other studies to propose
a total of 66 facets, classified in the same three dimensions. Table 1 shows, classified in
the three dimensions, the 66 facets of our adaptation of the CPSS model.

Fig. 2. Dynamics of the system.
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Since we want the model to be open, our proposal allows this list to be expandable
or redefinable depending on the needs of each study and the characteristics of each
evaluated product. The high number of facets considered and their more precise defi-
nition are motivated by the need to objectify the measure of the creativity of the
products. Moreover, this proposal of facets is generic for any product. For a particular
one, some facets may not be applicable.

For evaluation of each attribute, Besemer and O’Quin [2] use a 7-value Likert scale,
while Taylor and Sandler [7] propose a scale of 5 values. In our model, we will
consider a Likert scale of 5 values, since there is no consensus regarding the number of
points to be used on a Likert scale [12], and we have considered that 5 is enough to be
able to perform a good measurement. However, this aspect does not condition the
model at all and could easily be adapted to a Likert scale with different numbers of
values.

As a result of the evaluation process, the product is characterized by the value
assigned to the set of attributes, structured in the three dimensions (Fig. 3).

Table 1. Dimensions and facets of our model based on the CPSS.

Dimension new Dimension resolution Dimension style

Cool Logical Skilled
New With sense Well done
Unusual Relevant Well elaborated
Unique Appropriate Meticulous
Original Suitable Neat
Surprising Right Beautiful
Spontaneous Useful Level of detail
Striking Valuable With artistic technique
Interesting Capitalizable Clear Simple
Exciting Cult Reproducible
Witty Social Attractive
Frequent Funny Organized
Different Solve a problem Fascinating
Inspirational Funny Ordered
Intriguing Confident Colorful
Extravagant Historical value Cleansed
Modern Viral potential Level of improvisation
Break with the traditional Facilitates a creative atmosphere Careful
Desirable Transcendent Feeling
Eye-catching Relevant Rhythm
Significant Conveys feeling Deliberate
Extraordinary Popularity Elegant
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4.2 The Creative Individual

The individual who performs the creative process is the final object of the evaluation.
As a product creator, the attributes of the product will also characterize the individual,
so that the evaluation of their attributes is obtained from the evaluation of the products
that he or she has created. Although in the model we speak of a creative individual, in
fact the product can be the result of the work of a whole team of creatives. In that case
the term creative individual refers to the whole team.

The model considers that these users can make the products available for evalua-
tion. The creative individual is evaluated, like the products, in the three dimensions:
originality, resolution and style (Fig. 4). His or her evaluation will depend on the
evaluation of his or her products, the quantity of products to be evaluated and the
upward or downward trend of the evaluations over time, as will be explained in a later
section.

Fig. 3. Attributes of the product.

Fig. 4. Attributes of the individual.
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4.3 The Evaluator

The evaluators are the people in charge of evaluating the products through an evalu-
ation questionnaire. In almost all models of measurement of creativity, the evaluators
are experts in the subject. However, in some studies, such as Besemer’s [11], any user
is worth assessing, thus facilitating the measurement of the tests since it is usually
difficult to find experts available and willing to perform evaluations.

In our proposal anyone can contribute their opinion in the evaluation of the
products. For that reason, we will have a set of experts on the subject, a wider set of
initiates, and a greater number of novices. All the evaluators are anonymous, so that the
evaluation is more complete and prejudices are avoided. In the proposed model, the
evaluators will be classified according to their level of experience and their degree of
success with the resulting consensus in each evaluation in which they participate. For
this, levels of confidence are considered in the evaluators, as explained below.

The model classifies the evaluators in 5 levels of confidence according to their
education, experience and the quality of their evaluations. Evaluations carried out by a
higher level evaluator are more influential than those of a lower level, on a defined
scale. It is the model itself that is responsible for presenting the product to evaluate to
different evaluators of different levels of confidence. Figure 5 represents the process of
evaluation of a product by several evaluators of different levels.

4.4 The Evaluation Process

This section presents the main contributions of the paper: how the individual is
assessed from the product evaluation and how the levels of confidence of the evaluators
are updated.

Fig. 5. Evaluation of a product by evaluators of different levels.
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Evaluation of Facets. Each facet is classified in one of the three dimensions con-
sidered in the model, having a total of 66 facets, so that we will formulate 66 different
questions so that each facet is evaluated in a Likert scale from 1 to 5. Thus, the score of
a facet is the mean of the score given by the evaluators, weighted by the confidence
level of the evaluators (the higher the level, the higher the weight). More formally,
given a product p 2 P (P is the set of all the products), we define the set F of n facets to
be evaluated (since we have selected 66 facets, n = 66), and a set E of m evaluators.
Each evaluator ej 2 E is assigned a confidence level lj 2 {1, 2, 3, 4, 5}. In addition,
given a facet fi 2 F, we define Ei � E as the subset of evaluators that have evaluated the
facet fi. For each evaluator ej 2 Ei, we define vij 2 {1, 2, 3, 4, 5} as the evaluation given
to facet fi by the evaluator ej. Finally, we can define the evaluation vi of the facet fi as:

vi ¼
P

8ej2Ei
vij � ljP

8ej2Ei
lj

ð1Þ

Evaluation of Creative Individuals. From the evaluation of the facet of a product we
can obtain the evaluation of this facet for the creative individual. At this point it is
necessary to have the temporal aspect into account: the creativity of a person evolves
with time, according to their abilities and the experience acquired. Therefore it is not
reasonable to obtain the evaluation of a creative as the average of the evaluations of its
products: the last creations should have more weight in the evaluation. To take into
account this aspect we introduce a temporal ordering in the product evaluations (time is

here not considered strictly, but to establish a sequence), so that we denote as v kð Þ
i and

v kþ 1ð Þ
i two evaluations of the same facet corresponding to two products of the same

creator, generated at instants k and k + 1. According to this order, v kð Þ
i \v kþ 1ð Þ

i since
instant k is prior to k + 1.

The formulation that allows calculating the evaluation of an individual is recursive
and instant dependent, so that the evaluation at instant k depends on the previous
evaluations. In order to gradually reduce the weight of the older evaluations, a tem-
porary reduction factor, denoted as q 2 [0, 1], is introduced, so that each new evalu-
ation of a product implies an updating of the evaluation of its creator, reducing the
weight of the previous evaluations in that reduction factor. The value chosen for q
allows us to modulate the weight of the oldest evaluations, so that if q = 1, all the
evaluations have the same weight independent from the instant, while is q = 0, only the
last evaluation is considered. The formulation of the creativity evaluation of an indi-
vidual ci for facet vi is:

c 1ð Þ
i ¼ v 1ð Þ

i

c kð Þ
i ¼ c k�1ð Þ

i � k�1ð Þ�qþ v kð Þ
i

k�1ð Þ:qþ 1

8<
: ð2Þ

Update of Evaluator Confidence Levels. The confidence level of an evaluator repre-
sents how good is this evaluator at evaluating the creativity of the products. Previously,
we are going to define the difference between evaluations as a measure on which the
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other measures will be based (Eq. 3). Let a product p be evaluated by two evaluators ej
and ek, and let vij and vik be the evaluations given by these evaluators for each facet fi of
that product. We define the difference djk between evaluators ej and ek as:

djk ¼
P

8fi2F vij � vik
�� ��
n

ð3Þ

where F is the set of facets and n the number of facets (n = 66 in our model).
Now, we must define the confidence degree DCj of an evaluator ej as a real value in

the interval [0, 4] that estimates the quality of his or her evaluations. The confidence
degree is a continuous version of the confidence level of the evaluator lj, so that
lj = round(gj). The confidence degree of an evaluator is initialized at instant 0 with a
first approximation of the confidence level given by the managers of the system.
Typically, this value is obtained from the expertise of the evaluators, so that experts in
creativity should be assigned a level of 5, and novices in this field a level of 1. The
confidence degree is now updated for every new evaluation, depending on how good
the evaluator is at evaluating. In other words, if the difference dj between his or her
evaluation and the canonical one is close to 0, the evaluator is accurate and his or her
confidence degree should be incremented. On the contrary, if the djc has a high value,
the confidence degree should be decremented. To do so, we propose classifying this
difference into three possible ranges, so that the confidence degree is updated in a
quantity depending on the value of djc:

DCj ¼ djc ¼
P

8fi2F vij � vic
�� ��
n

ð4Þ

This would be the formula for the canonical evaluation (based on the judgment of
only level 5 experts):

vic ¼
P

8ej2Ec
vij

mc
ð5Þ

Where Ec is the set of evaluators for the canonical evaluation (equivalent to level 5,
that of experts) and mc is the size of this group.

The degree of agreement, as occurs with the difference with the canonical evalu-
ation, is an individual measure for each evaluator and not a global one and consists of
the average of the differences between the evaluations of the evaluated evaluator and
those of all the others. Based on the definition of the difference between evaluations in
Eq. 3, we define degree of agreement GAj for a given evaluator ej as the mean of the
differences between its evaluation vij of each facet of a product and the evaluations of
the other evaluators of the system:

GAj ¼
P

8ek2E� djk
m� 1

ð6Þ
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Where E* is the total set of evaluators eliminating the evaluator himself and m is the
total number of evaluatos. GAj measures, in short, how close the evaluation of a certain
evaluator is to the evaluations of the other evaluators. As in the case of DC, GA can
take values in the interval [0, 4] so that GAj = 0 means complete agreement in the
evaluation with the other evaluators of the same product and GAj = 4 means that the
evaluation carried out by the evaluator is totally different from that of his peers. As for
the DC measure, the degree of agreement can be normalized to define it in the interval
[0.4].

The average difference is the mean of the differences between the evaluations of
each evaluator and the canonical evaluation, that is, that of the experts, as we see in
Eq. 7.

DCj ¼
P

8fi2F vij � vic
� �

nj
ð7Þ

The standard deviation of the above measurement is calculated according to Eq. 8
in the usual way.

sDCj ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
8fi2F vij � DCj

� �2
nj � 1

vuut ð8Þ

5 Conclusions

The general objective of this work was proposing a new model to evaluate and measure
creativity of the individuals from the attributes of the products they created. To fulfil
this objective we have defined a social model of measurement of creativity with the
following features:

• The result of a creative process, that is, the product, is the central element of the
model so that it is evaluated and its creator is evaluated according to its assessment.
The product is characterized by a set of measurable attributes, indicators of its
degree of creativity. The set of attributes is an adaptation of the dimensions and
facets proposed by Besemer’s CPSS [11].

• However, the model is proposed to be open so that the set of dimensions or facets
are expandable or redefinable depending on the needs of each study and the
characteristics of each evaluated product.

• The evaluation of the products is extended to its creators considering all the results
of the individual or team. A temporal factor is introduced so that the last creations
can have a higher weight in the assessment of the creatives. The way the different
evaluations are integrated and how to obtain the final evaluation of the individuals
are two of the main contributions of this paper.
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• The attributes of creativity are evaluated by a large and anonymous set of evaluators
of different levels of expertise. The model proposes a social evaluation, somehow
similar to the rating system of social networks.

• Although all the opinions are considered during the evaluation process, the eval-
uations from experts have a higher weight in the final evaluation of the product and
its creator. The evaluators are classified in five levels of confidence, so that the ones
at level 5 are the most prestigious experts and the ones at level 1 are novices.

• The evaluators are assessed based on their expertise and their behaviour in the
system. The level of confidence is then updated according to this assessment. This is
another main contribution of this work.

As a consequence, we have obtained an open and social model for creativity
assessment. Moreover, the combination of a large set of evaluators, their anonymity,
their classification in levels of confidence and the assessment of the evaluators, have
led to a more objective and unbiased system of evaluation and measuring.

We also consider that we can take advantage of digital tools, which bring a social
level with a spectacular potential. This is why we plan to develop a digital tool that
implements this model automatically. This tool will leverage the advantages of this
technology: easy and massive access, anonymity, automation, and so on. As a con-
sequence, a validation experiment will be done, to obtain evaluation data and to val-
idate the dynamics of the process. A deeper insight in the formulation and the empiric
determination of the parameters (for instance, the reduction factor q) will be possible
thanks to the digital tool.
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Abstract. This paper focuses on orchestration in the digital, augmented
classroom, and in particular the challenges involved with content individual-
ization, and on individualized content delivery to a live classroom. The lack of
widely adopted efficient digital tools in this area is established via a systematic
e-learning literature review and a survey of existing software tools. Mixed
methods are used to investigate current orchestration practices and tools adopted
by teachers in secondary education institutions in Denmark and Norway. Based
on these initial findings, a prototype for a distributed orchestration tool was
designed, implemented, and tested using a variation of an A/B experiment, with
a group of university students. Test data and post-test interviews showed that the
tool was well received and usable even at this early development stage. An
interesting discrepancy emerged in our triangulated data about the efficiency in
the test tasks: the participants’ perceived, and self-reported, that performance
efficiency was lower than what we measured, a phenomenon common when
investigating tacit knowledge in practices. These results are discussed, as well as
problems with the current prototype and future lines of research.

Keywords: Content delivery � Orchestration � e-learning � Tool � Support
teachers � Higher education � Augmented classroom

1 Introduction

Modern classrooms are full of technology, such as digital projectors, interactive
whiteboards, and student devices. However, classroom teaching rarely utilizes the
potential provided by the available technology. Lessons are often driven by linear
slides presented by the teacher through a central projector, leaving little room for
interactivity or individualization. While many teaching tools exist within this space (as
discussed in Sect. 2.1), there appears to be a lack of solutions and research looking to
utilize the augmented classroom to facilitate individualized learning for the students.
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Moreover, existing research often leans towards automation of assessments and quiz-
related activities, without direct interaction with a teacher. And while there is an
increasing amount of presentation tools with reasonable facilities for attendee inter-
action, they lack forms of content individualization, and are primarily designed based
on a philosophy that “one size fits all”. Even the recent increase of distant learning,
supported by video-conference tools such as Zoom and Google Meet, does not appear
to address these issues and instead it presents a more complex landscape where the
augmented classroom is partially or completely distributed.

In this paper we focus on individualized content delivery to a live classroom; in
particular, we are interested in what can be considered individualized lesson content,
and what constitutes a usable and efficient delivery of such content.

Our first step was to systematically survey existing tools and related literature (see
Sect. 2). To learn about current orchestration practices we then conducted an investi-
gation through a questionnaire, addressing 22 teachers from Danish and Norwegian
educational institutions, focusing on the adopted tools and approaches. From our lit-
erature we identified a range of approaches to orchestrating individualized content,
while the analysis of questionnaire data revealed that teachers mainly use presentation
tools such as PowerPoint alongside other exercise-focused tools. The findings sug-
gested that it could be possible to design and implement a usable and efficient class-
room orchestration tool, capable of facilitating the delivery of individualized content in
a live classroom setting. Our working hypothesis is that such a tool can be developed
using data from existing classroom orchestration and teacher’s experiences with
existing tools and techniques. To test this hypothesis, we proceeded by defining
requirements, then design and iteratively implement a minimum viable product
(MVP) of this new tool. Finally, we performed and analyzed data from a task-based
comparative experiment, complemented by post-test interviews. This mixed methods
approach was designed to capture both subjective experiences about the efficiency of
our MVP, and objective parameters, such as the amount of work and time required to
complete the test tasks.

The rest of the paper is organized as follows: Sect. 2 presents related work and a
survey of existing software tools; Sect. 3 presents our findings from the preliminary
study about current orchestration practices. Section 4 discusses requirements, design,
and implementation of the MVP. The experiment and general discussion of the findings
are found in Sects. 5 and 6. Section 7 concludes the paper.

2 Related Work

According to recent research, during the last decade digital classroom environments
have reached the point where each student has access to one or more devices connected
to a wireless network [3–[5]. Harper and Milman [6] reported in their review of
10 years of literature, that by utilizing this potential, it is possible to achieve more
meaningful individualized instruction. They reported positive findings with regards to
learner achievement, and that these environments can provide a more enriched learning
experience. However, they found mixed results regarding student engagement partially
attributed to the initial motivation of using new software (see [6]).
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Adapting to new, digital tools is typically a complex process for both learners and
teachers, and in this context it becomes important to evaluate the effects of digital
presentations against that of traditional oral instruction. Moulton, Türkay and Kosslyn
[7] for instance compare Microsoft’s PowerPoint and the online alternative Prezi,
against oral instruction. They provisionally conclude that software-aided presentations
are more effective than oral presentations for persuading audiences, but found no
evidence indicating benefits towards learning outcome, recollection, or understanding
of the content. Moreover, Apperson, Laws and Scepansky found in their study [9] that
the use of PowerPoint had a positive effect on learners’ engagement and that teachers’
likeability was improved. However, in another study, Chou, Chang and Lu [10] could
not reject the possibility that the positive findings on long term knowledge acquisition
were due to the novelty effect [11].

Other research into increasing engagement and learning through digital tools such as
Kahoot!1 reported positive findings with regards to learner-teacher engagement and
capturing learners’ interest. Kahoot’s quizzes also provide a break from long learning
sessions, allowing for reflection and discussion of content. The novelty effect could play
a major role with an online tool like Kahoot!, designed to be colorful and playful,
however, we found little research focusing on it. Moreover, other studies about the use of
Kahoot! have found non-conclusive indications of increased learning [14], and no cor-
relation between perceived students’ engagement and resulting assessment grade [13].

Moving from digital tools to the process of running a live classroom, we considered
the concept of classroom orchestration, defined as “How a teacher manages, in real-
time, multi-layered activities in a multi-constraints context” [18]. However, Roschelle,
Dimitriadis, and Hoppe [18] remark the lack of a consensus on this definition; in
addition, they describe how aspects of classroom orchestration deserve more attention,
particularly with regards to typical teachers’ problems within the domain of orches-
tration, such as curriculum design, deployment of assessment (formative as well as
summative), and the use of time and spatial resources. An important find in [18] is that
classrooms are complex environments, and that teachers’ role is often to adapt mate-
rials to their specific classroom’s configuration. We have observed similar roles in
teachers also in our research on primary schools in Denmark [2]. According to [18]
orchestration is becoming more structured, moving away from ad-hoc solutions
invented by individual teachers, and showing instead a “diffusion of innovation”
perspective.

The complexities of orchestration are mirrored in the diversity and specificities of
learners. This project focuses on the idea of individualized content delivery, which in
turn is based on differentiated instruction. According to [19] “differentiation is
responsive instruction designed to meet unique individual student needs”, and it
enables students to learn in the same environment using the same curriculum, by
differentiating the learning tasks, outcomes, and entry-points to the students’ needs (see
also [8]). The findings in [19] also point to the importance of appropriate grouping of
learners, as a central feature of the learning environment; the authors also observe
“working with students in small groups is often aligned with differentiated content or

1 Kahoot! official website: https://kahoot.com/.

48 M. M. Jakobsen et al.

https://kahoot.com/


products of instruction”, and this alignment extends to text selection (or more in
general in our case, content selection), so that learners are faced with relevant contents,
appropriate to their level of expertise.

While in literature differentiated instruction appears to be the most used label, both
individualized and personalized instruction or learning is also found in the same
context, and there appears to be mixed consensus on its use. This paper will therefore
use individualized learning as an umbrella term.

2.1 Existing Software Tools

There is a variety of tools intended to aid teaching, ranging from pure presentation
tools, to quiz and assessment tools, as well as classroom management software. The
latter has not been included in this analysis as it typically deals with the planning and
orchestrating of classes in general, and not live content delivery.

This evaluation is based on the systematic literature reviews method, and in par-
ticular on the approach discussed in [16] which pertains the review of technical and
software-related papers. The software tools in this evaluation were identified through
online searches for a wide range of related terms, as well as based on the recom-
mendation from a focus group of teachers, acting as experts; the final list of software
includes: Kahoot!, PowerPoint, Google Slides, Zoho, Show, Prezi, Nearpod, Creedoo,
Peardeck, SlideDog, Socrative, Quizlet, Quizziz, Mentimeter, Storyline, and Zzish.
A set of data points was gathered for each software tool, identifying its presentation
options, non-linearity, content and interaction individualization, attendee management,
and other relevant features. From the constructed feature matrix (an excerpt of the
matrix is visible in Table 1), it is apparent that many tools have overlapping goals and
features since they address many of the same problems. For example, the interactivity
within Google Slides and PowerPoint is limited at the authoring activity, since real-
time collaboration and interaction is possible only through the presentation and only
when it is not in active presentation mode; this makes these tools less viable for large
scale individualization and interactivity. Some of the tools in our matrix are primarily
quizzing and assessment tools, with limited or no options for content presentations,
while others are more traditional slide-based presentation tools.

Overall, the two most significant shortcomings of the identified software are the
lack of support for presenting individualized content to participants, and to organize
groups of attendees (as in Table 1). No tool appears to support individualisable con-
tents, with the exception of only Zzish, that offers a very limited support, enabling
teachers to specify some additional content for students depending on how they did in a
quiz. Interestingly, some tools do offer interactivity features, mostly in the form of an
option to register the individual user’s interactions; however, the interactions them-
selves are not individualisable. An important aspect of attendees’ management is
grouping, and in our review only Socrative provides a presenter-managed organization
of learners’ groups, while Quizlet and Quizziz have an automatic grouping option.
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3 Preliminary Study: Orchestration Practices

We conducted a preliminary field study on the practices and tools used in the
orchestration of augmented classroom live lectures, with focus on individualization.
The resulting questionnaire was sent to Danish and Norwegian teachers, and we col-
lected responses from 22 teachers: 5 working in primary schools, 6 in middle schools, 9
in high-schools and 4 university teachers. The main purpose of the questionnaire was to
identify what tools teachers use to individualize their lesson content, what content gets
individualized, and what factors affect how they individualize it; most questions were
in the form of multiple choice and Likert scales, with additional text answers to further
elaborate where necessary.

The range of different approaches to orchestrating individualized content identified
through the questionnaire shows that teachers mainly use presentation tools, such as
PowerPoint, alongside other exercise-focused tools, to piece together a teaching toolset
which works well for each individual teacher. While these teachers appear to share
much of their pedagogical theories and reasons behind individualization approaches,
we could see little consensus on how to put this knowledge into practice. Individual
teachers’ choice seems to be the norm, suggesting a lack of an up-to-date, theoretically
founded consensus concerning digital educational tools in teachers’ training.

Figure 1 shows at which institutions the respondents are currently teaching; since
some respondents were involved in both primary and middle school levels, Fig. 1
shows the resulting 24 data points.

Table 1. Excerpt from the feature matrix with key findings.
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All 22 respondents reported that they use digital tools to aid their teaching; of these,
PowerPoint and Kahoot! are the most used for teaching in general, with 19 (86%) and
18 (82%) respondents respectively using them. These were followed by interactive
whiteboards with 10 respondents (45%). All university teachers use PowerPoint,
complemented by other tools, such as Kahoot!. PowerPoint is also the most used tool
for delivering individualized lesson content, with 9 respondents (41%), followed by
Quizlet with 5 respondents (23%). A summary of these findings is visible in Fig. 2. In
Fig. 2 each value represents usage by one respondent, with multiple unique responses
allowed per respondent; university teachers’ responses are highlighted in blue; among
university teachers the most used tools were PowerPoint and Google Slides (75%).
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Fig. 1. Educational level of teaching for respondents.

[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

[CELLRANGE]
[CELLRANGE]

[CELLRANGE]
[CELLRANGE]

0 1 2 3 4 5 6 7 8 9 10

INTERACTIVE WHITEBOARDS
MENTIMETER

TEAMS
GOOGLE SLIDES

ONENOTE
KAHOOT!
QUIZLET

POWERPOINT

TOOLS USED FOR INDIVIDUALISED TEACHING

University Other Levels

Fig. 2. Tools used specifically for delivering individualized lesson content.
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The respondents were also asked to indicate what types of content they normally
individualize. We found that 19 respondents (86%) individualize questions, exercises,
and assignments; furthermore, 10 (45%) individualize informative content, such as
concepts and general theory, but 9 of these responses were in both categories. All
university teachers reported that they individualize questions, exercises, and assign-
ments, and half of them also the informative content.

In conclusion, our data shows that PowerPoint is the most used tool for teaching, as
well as being the used most tool to deliver individualized content, followed by Quizlet.
These findings formed the basis for the design our final experiment, discussed in
Sect. 5.

3.1 Requirements

Based on the data from the questionnaire and the systematic review of software tools,
we established the core requirement for the new tool: being able to deliver individu-
alized content to students in a classroom. Use cases were used to collect essential
requirements (see Fig. 3). We further specified the actors by constructing personas for
the relevant stakeholders (following the approach in [17]) i.e., teacher and student, and
integrated the personas directly with feedback from stakeholders. Table 2 shows the
two resulting personas.

From the analysis of our data and the personas, a set of functional requirements was
defined, along with a set of quality attribute scenarios (QAS), which addressed the non-
functional requirements of the software. A quality attribute is a testable property of a
system which is used when measuring how well a system delivers its functionality;
while there are several categories of quality attributes, the key ones for our new e-
learning tool are performance and usability. Performance quality attributes typically
measure how long it takes to complete a given task when a particular event occurs. In
our case, we are addressing performance by considering the delay times in our

Fig. 3. Use-case diagram summarizing requirements.
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distributed e-learning tool: for example, we require that when the teacher moves the
presentation forward one slide, this change should be visible by all students in less than
one second (i.e., a loose definition of real-time, that fits with the web-based nature of
our new tool). Also, when a student is working on an interactive slide (e.g., a short quiz
or an exercise to be solved), the time required for her solution to be submitted to the
teacher through our tool, should take no more than one second. Considering that the
data exchanged by our actors are rather simple, and that a class is usually composed of
a small number of users, using the software at the same time, meeting the timings
specified in the QAS’s did not pose a challenge for the MVP.

The other important quality attribute we considered is usability, defined as the ease
with which users interact with the system to achieve a desired task; usability is strongly
correlated with the users’ experience of a system, and in particular with the sense of
how efficiently it operates. The response measures associated with usability are typi-
cally dependent on the interactions of individual users, which make them more com-
plex to test and verify (as discussed in Sect. 5, where our main test is presented).

Having defined functional and non-functional requirements, we also wanted to have
a user story for our tool. In the scenario, a teacher can create sessions during a lecture,
and the students will join these sessions using online devices; the students are then
presented with individualized content. This content is organized as a semi-linear pre-
sentation, i.e., a linear sequence of slides with each slide potentially consisting of
multiple variations, to account for classroom diversity and individual student problems
or skill levels. Different students will therefore be shown different variations of the
same slide, with varying degrees of complexity and support in the examples and
explanations. Control over which parts of the content are accessed is either given to the
teacher, or optionally to the students themselves. Students can be dynamically grouped
in real-time, to simplify the distribution of contents and to provide a collaborative
experience. The individualized content can offer various degrees of interactivity,

Table 2. Teacher and student personas: definitions and objectives.

Teacher

Who? The teacher is the conductor of the lesson. They are responsible for
delivering the lesson content to the students and the pacing of the class
progression

What do they
want?

The teacher wants to be able to deliver individualized content to their
students depending on their interests, abilities, and other needs; to control
the class as a whole and ensure everyone progresses at a similar pace; to
receive the completed work of students

Student

Who? The student is a participant of the lesson. They receive the lesson content
and perform any activities accordingly with an aim to learn

What do they
want?

The student wants to receive individualized content to make learning more
interesting and engaging; to be able to interact with the lesson content; to
make independent choices of what content to experience
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ranging from reading a text to simple exercises, eventually allowing students to submit
results to the teacher. Teachers are able to observe students’ progress either in real-
time, during in-lecture activities; moreover, in our scenario specific content can also be
selected and delivered to the individual student as part of preparation for a lecture,
allowing the teacher use more of lecture time for discussion and reflection, in line with
the flipped classroom approach.

4 Design and Implementation of Prototype

A typical three-tier architecture was chosen for the new tool, which was designed
considering the requirements and the scenario (Fig. 4). The main components are a
server, a database, and two specialized clients: a teacher and a student client (a need
discussed also in [2]).

The student client provides students with an individualized view into the session
created by a teacher, which is handled and synchronized through a server. Any related
data such as lesson content and persistent user data is stored in the database. The
teacher client enables control of what content is being shown to each attending student
using a semi-linear presentation structure in addition to tools for managing the class-
room session.

4.1 Presentation Format

In order to facilitate the individualization of lesson content efficiently and flexibly, we
need to reconceptualize sequential presentations. Existing presentation formats such as
PowerPoint are entirely linear, and every student is presented the same material in the
same sequence. Instead, we propose to enrich the structure of a presentation so that it
can still be considered an almost-linear sequence, but we allow each slide to consist
potentially of multiple versions, to account for learners’ diversity (as depicted in
Fig. 5). Some slides of the sequence can be simple slides, while other are allowed to be

Fig. 4. Design-level component diagram of the e-learning tool.
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slide collections, i.e., vertically stacked slides meant to explain the same concept in
multiple ways from more formal to more practical, for instance.

With this format a teacher can anticipate the need to explain the same concept at 2
or 3 different levels or use examples at various degree of complexity to cover a
particular topic. According to our scenario, during class, each student uses our client
application, and gets assigned individual sub-indexes for a slide collection: the result is
that students see different content, while the presentation remains on the same overall
slide index. In Fig. 5, when the whole class is working on slide 2 (which is in fact a
slide collection), some students will see slide 2a, while others will see slide 2b on their
client application. Each simple slide inside a slide collection can then be assigned by
the teacher, or optionally requested by students themselves, in an attempt to ensure that
all students see the content which is most suited to them.

From a technical point of view, in our format a presentation contains slides of two
types: simple slides and slide collections (which can contain other simple slides). Slides
are implemented via a composite design pattern, and that also allows for easy exten-
sions of the simple slides, such as multiple-choice slides, slides with embedded ani-
mations or interactive simulations. Simplified versions of these interactive slides are in
fact implemented in our prototype.

4.2 Implementation

The design is implemented as an MVP prototype, capable of running online as a client-
server system, and with enough functionalities to allow for testing.

Of the components in Fig. 4, the server is the one providing the majority of the
required functionalities. It is responsible for sessions created by a teacher and acts as a
communication relay between all clients connected to a particular session, through

Fig. 5. Presentation format: each column indicates a slide in a presentation. Slide 2 and 5 are
slide collections containing simple slides, to allow for individualization.
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communication protocols that were derived from our requirement. The server keeps a
centralized global state of all sessions, including a session identifier, presentation slides
and current viewing state, and a list of attendees. The server manages individualization
by keeping track of the specific slide that is presented to each attendee, as well as the
dynamic state of the interactive slides (e.g., the answers generated when a learner
engages with one of the multiple-choice slides). After every interaction received from a
client, the server updates the client’s state.

The system also has two types of clients (visible in Fig. 6): the teacher and student
client. They are both implemented to be lightweight and capable of displaying the
relevant session data and managing the receiving and sending of events to the server.
Both clients maintain a reference to the server, which is used to publish and subscribe
to events to and from the server. A client also maintains a local state to make the system
more responsive, however, the local state is overwritten whenever newer data is
received from the server. The student client allows its user to view the current slide in a
live presentation, and also to interact with the interactive slides. The teacher client is
designed to behave similarly to the student client and therefore includes the same
functionalities. However, it also keeps information about the session id, the list of
connected attendees (including the dynamic state of their assignments and interactions),
and an outline of the entire presentation. A dashboard view presents these data to the
teacher and allows the orchestration of the flow of the lecture.

The left part of Fig. 6 shows the teacher client. In clockwise sequence, starting
from the top-left screen:

• the list of all available presentations;
• the main presentation view with the list of attending students on the right;
• the bottom-right screen shows the content assignment window, where the students

can be assigned to the slides of the current presentation;
• finally, the bottom-left screen shows the presentation view along with an overview

of the presentation: a stacked rectangle indicates a slide collection.

Fig. 6. Initial GUI mockup for the teacher (on the left) and student client (on the right).
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The right part of Fig. 6 shows instead the mockup of the user interface for the student
client: the student can login (marked as 1 in Fig. 6), then she could be shown a simple
slide (marked as 2), a multiple-choice slide (marked as 3), or a “text answer” (a simple
kind of interactive slide we used in the test, as discussed in Sect. 5).

Figure 7 is a composite image showing five student clients and one teacher client
(in the bottom-right corner). The teacher client shows the assignment screen, while the
5 students are all assigned to one of two possible sub-slides, indexed 4a and 4b. The
slides 4a and 4b are interactive and Fig. 7 shows that some students have already
submitted their answers and received automatic feedback.

The prototype was developed by one of the authors, following an agile approach,
with a backlog, sprints, and milestones; GitHub was used as code repository and for
version control. The tool prototype is composed of a Node.js backend server managing
all active sessions and clients. The backend server and clients are written in TypeScript
and communicate using a custom communication protocol over the Socket.IO frame-
work. Moreover, both clients are implemented in React. Functional testing was per-
formed periodically during sprints, and the system performed adequately with all
technical tests achieving well within their set targets (see requirements in Sect. 3).

After the final sprint, the final prototype was deployed to a cloud service provider
with a combined teacher and student frontend client, and a backend server managing
each session and all necessary data persistence. The prototype ran on virtualized server
hardware called a Droplet on the cloud computing service DigitalOcean. The server
used Ubuntu 18.04.1 and ran on a single virtual CPU core with 1 GB RAM and 25 GB
disk space. Moreover, Docker was used to manage the builds during sprints, and to run
them on the servers. Finally, the database functionality was initially implemented using
a database-as-a-service product from MongoDB called Atlas. However, due to the need

Fig. 7. The two kind of clients in the implemented prototype.
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for persistence only extending to the actual presentation content at this stage, data
persistence through local files was used instead, storing the presentations as JSON files.

5 Experiment

After finishing the development of the initial MVP prototype, an experiment was
conducted to assess the usability and performance of our prototype. The test partici-
pants were a focus group of 14 university students (from the University of Southern
Denmark). The participants were chosen in part because they represent a convenience
sample for the authors, given that Corona restrictions were in effect during the
development of this project. However, according to our experience with e-learning at
the University level, and according to what stated by Boelens et al. [12], these students
are highly diverse in interests, competencies, and readiness for learning. They are,
consequently, an appropriate sample when investigating better and more efficient tools
to manage individualized learning.

The experiment was organized as a variation of A/B testing [1], with the partici-
pants performing predefined tasks divided in groups, with or without our tool; we
added an element of role-play to the test, by asking some participant to act as teacher
and others as student. Simple scripts-like instructions were provided to prime the
participants in their roles, called “presentation brief for teachers” and “for students”;
they were introduced to the participants during the pre-test meeting. The students-
participants were asked to select a specific role among: Strong Student, Slow Student,
Lazy Student, and Normal Student. Roles were explained in the brief, so that each
student-participant could role-play the chosen role appropriately. Each session was
recorded, observational notes were taken by the authors, and all participants were given
a follow-up survey focusing on perceived usability and efficiency of the tool.

5.1 Test Preparation and Setup

To perform this experiment, we needed an actual presentation that could take advan-
tage of our new semi-linear presentation format, so we developed one covering some
historical and some technical topics (in order to show the potential of semi-linear
presentations in both the humanistic and the technical context).

The systematic survey and the questionnaire were the basis to decide which parts of
the presentation should be individualized, and how this individualization was to be
controlled: by either the teachers-participants or the students-participants. We then
manually converted the presentation to both our new tool’s format, and PowerPoint,
with the interactive content delivered through separate documents representing each
slide collection, with each student assigned one slide from each of these documents.
Student responses were handled through a Zoom session’s chat. Effort was taken to
ensure minimal deviation from the original presentation, for both formats, which is
why, while used by most teachers, we did not use Quizlet as it did not have suitable
functionality for this scenario. The resulting structure of the presentation is visible in
Fig. 8, and the tasks were designed to show that with our MVP both teachers and
students can be in control of a presentation’s flow at different times.
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The experiment was executed in four separate groups, where two were test groups,
and two were control groups. Each group consisted of one participant acting as the
teacher, and three acting as students. The “teachers” were selected randomly within
each group, and for the second session of each group, one random “student” was asked
to repeat the experiment as a “teacher”. The test group used the new software tool,
while the teachers-participants of the second group (i.e., the control group working
with the currently used tools) presented the same material and performed the same
tasks with their student-participants. All participants were physically present during the
experiment, with the exception of two who attended remotely via a Zoom meeting.

Through two test group sessions and two control group sessions data was gathered
from three points of views: each session’s duration was recorded, and both the teacher
and student participants were surveyed upon completion of the session, asking for their
perceived efficiency of the system.

Fig. 8. Presentation structure for experiment.
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5.2 Findings

The desired outcome of both groups is to successfully deliver individualized content.
Hence, we decided that measuring the time it takes to achieve the desired result would
indicate its efficiency: shorter time is regarded as an indication of higher efficiency.
However, as it is critically important for a classroom orchestration tool to be adopted
by its users, both students’ and teachers perceived, subjective opinion on the system’s
efficiency is also be considered. Data triangulation was therefore used to combine task-
completion timing, used as a quantitative efficiency measure, with the qualitative, self-
reported post-test surveys.

The first quantitative data we collected is the session duration, visible in Table 3.
According to the table, the prototype tool behaved measurably more efficient than the
currently used tools (i.e., PowerPoint), with the test groups on average completing their
sessions 37.6% faster than the control groups.

The subjective measurements made by the participants regarding the efficiency of
the system were recorded using a 5-point Likert scale ranging from “Very inefficient”
(scored as −2) to “Very efficient” (scored as 2). Both teachers and students-participants
were asked to rate various aspects of a session’s efficiency, with a final overall efficiency
at the end. Students in the test group reportedly considered their session more efficient
than those in the control group; as for receiving exercises, the test group reported higher
efficiency, with a mean 0.33 higher than the control group. With regards to submitting
answers, the control group reported a marginal lead on efficiency, with the mean dif-
ference being 0.17 in favor of the control group. However, in the final question of
overall efficiency the test group reported a mean of 0.17 higher than the control group.

Given the small number of teachers-participants, a quantitative analysis of the data
from their post-test interviews would not lead to statistically significant data; never-
theless, we computed four key statistics: Efficiency of showing content to students (a),
efficiency of assigning content to individual students (b), efficiency of observing student
progress (c), and overall efficiency (d). Each of these were rated from −2 “Very ineffi-
cient” to 2 “Very efficient”, and a compound statistic was created by averaging them, as
shown in the diagram of Fig. 9. The figure also shows a similar statistic for students,
based on four perceived efficiency measures: Efficiency of getting started with a session
(a), efficiency of receiving exercises (b), efficiency of submitting answers (c), and overall
lesson efficiency (d). An interesting find was a clear separation between the two teacher
groups with respect to the overall measurement of perceived efficiency (d): both teachers
of the test group reported the same overall efficiency of “Somewhat inefficient”, which

Table 3. Session duration measurements and descriptive statistics.

Session duration data
Test group Control group

1 8 m 40 s 13 m
2 9 m 4 s 13 m 48 s
Mean 8 m 52.1 s 13 m 24 s
Range 24 s 48 s
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resulted in a mean score of −1, a total of 3 points less than the control group, where both
teachers reported the overall lesson as “Very efficient”. This is a negative result for our
prototype, therefore, we decided to conduct informal interviews with the participants
acting as teachers, in order to possibly gain more qualitative data. We found that the
teachers of the control groups thought our tool performed very efficient in the tests, but
voiced concerns as to its scalability, in particular with respect to managing large numbers
of answers from the students. Also, the teachers-participants in the test groups said that
the prototype was efficient, but complained about the user experience, the unfamiliarity
with the tool, and that the lack of visibility of what each student-participant was seeing
and doing, explaining how these problems were responsible for the low overall efficiency
score they had self-reported. One of them stated that the unfamiliarity with the process of
assigning students to groups with the prototype, in particular having little familiarity with
neither the content nor the students, made the experience “overwhelming”.

Figure 9 shows the result of compounding all the self-reported data regarding
efficiency into a single statistic. While the students in the test group reported better
perceived efficiency, for the teachers we found the opposite, with the control group
perceiving better efficiency with the current tools.

6 Discussion

From the results in Sect. 5, it is of course not possible to draw a clear conclusion circa
the efficiency of our MVP. However, the goal of this project is to establish the
requirements, design criteria and feasibility of a digital, live classroom orchestration
tool to facilitate the delivery of individualized content. Moreover, the experiment
presented in the previous section is only an early test, with a convenience sample of
users. It provided insights into the usability of the current design of the prototype, but
more experiments will be needed, involving our network of primary and secondary
school teachers in Denmark.
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Fig. 9. Perceived efficiency: test and control groups.
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Being aware of the limitations of this first experiment, we complemented efficiency
with other parameters, such as technical performance, usability for both teachers and
students, and perceived efficiency. The performance requirements, such as fast delivery
of presentation to the students and of assignments’ solutions back to teachers, were
easily achieved by our prototype, mainly because of the limited number of users in our
experiments, which in turn resulted in a low load on the system. Benchmark testing
performed during development showed that the current architecture of the prototype,
based on Node.js, React and Socket.IO, has the potential to scale up to a realistic
number of participant (e.g. primary school classrooms in Demark range typically from
15 to 30 pupils, and university classrooms usually do not exceed 50 students); how-
ever, some effort would be needed to streamline the structure of the semi-linear pre-
sentations and the storing of individuals’ assignments and interactions.

Considering the limited user interface, the unfamiliarity of the new tool, and the
fact that the contents (i.e., the presentation in Fig. 8) were created by the authors and
not decided by the test participants, the prototype did satisfy our main usability
requirements, as supported by our analysis and observations. However, teachers-
participants reported that the user interface was “confusing”, as they struggled to find
some of the information they felt they needed during their tasks. They also reported that
a major hindrance was not being able to see what each individual student was seen,
dynamically, as the presentation proceeded. This suggests that adding a “group view”
to the teacher’s client (similar to the gallery view in Zoom) showing a simplified view
of each student’s client, could improve clarity. Moreover, to help teachers manage large
numbers of presentations, the teacher client should adopt a dashboard design pattern.

The analysis of the data we collected during the development and testing of the MVP
also revealed that teachers have a practice of individualizing content, which involves
forms of content differentiation, to adapt it to the students in a class. To assess our MVP,
we formulated a practical definition of efficiency of content delivery, measured by both
objective timings of the session and subjective, self-reported experiences by both types
of users (teachers and students). In the process of defining how a presentation can be
individualized by a teacher, we defined a semi-linear presentation format, with simple
slides and slide collections; simple slides can also be interactive, for example containing
multiple-choice questions. Interviews and our early observations show that the partic-
ipants of our experiment responded positively to the idea and could work with these
semi-linear presentations. We have not yet investigated the editing of the semi-linear
presentations, but the data so far collected on our prototype supports the need to be
conservative and provide consistent and known user interfaces to teachers; we are
therefore considering a variation of existing presentation-authoring tools, to avoid the
problems that teachers could face by having to adapt to an unfamiliar interface.

Finally, an interesting discrepancy emerged in our triangulated data about the
efficiency in the experiment’s tasks: all participants reported a lower efficiency than
what we measured. In previous research with e-learning and Scandinavian teachers,
this phenomenon is typically associated tacit knowledge in skill practices (as in [20]
and [1]). That in turn suggests that to improve our prototype further, we should rely on
ethnographic methods and long-term observations not only of the experts in orches-
tration practices (i.e. teachers), but also of the socio-material relations that exist in the
educational institutions, among teachers and other stakeholders (such as administrators,
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pedagogy specialists and technology experts working for schools), because tacit
knowledge is embedded in the processes and can require to look at the actors and roles
in organizations.

7 Conclusion

In this paper we focus on individualized content delivery to a live classroom, in
particular, we are interested in what can be considered individualized lesson content,
and what constitutes a usable and efficient delivery of such contents. A knowledge gap
is identified, in the lack of widely adopted efficient digital tools in this domain, and a
working hypothesis is that a new tool for individualized content delivery can be
designed and implemented, that is based on data from existing classroom orchestration
and teacher's experiences with existing tools and techniques. We developed a testable
minimum viable product and performed a preliminary experiment that compares the
identified current approach against our new tool. Most teachers that answered our
questionnaire do deliver individualized content, following various criteria as to how
and what to differentiate in their contents; moreover, teachers currently adopt a pre-
sentation tool as well as an interactive testing/quizzing tool for individualization. Based
on these findings, we realized the need for a different kind of presentation structure; we
therefore defined a novel semi-linear presentation format that allows for grouping of
slides, as well as interactive, quiz-like slides.

Our MVP was tested with encouraging results for an early prototype, and the
negative feedback we received was mainly focused on unfamiliarity and the rather
crude user-interface. However, the MVP is fully functional and fulfils the majority of
the technical requirements; and this early evidence supports our belief that the new tool
has the potential to help teachers in orchestrating lectures with individualized contents
in the augmented classroom, including the increasingly relevant blended scenario
where part of a class attends remotely.

Future work includes better usability and improved UI, especially for the teacher
client. Further tests are needed to explore the computer-supported collaborative
learning potential of the tool. We are currently developing more examples of semi-
linear presentations, across different school subjects, and planning further tests
involving classes in local Danish institutions.
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Abstract. The Open Educational Resources (OER) movement is overgrowing
over the last 15 years, as many institutions adopt the idea of openness and
universal access to educational content. Thus, the research and educational
material must be open to everyone interested, including students, adult learners,
teachers, professionals, managers, and policymakers. With this in mind, the
creation and use of OER is a current educational practice for educators around
the world. This manuscript aims to provide an overview of all the core elements
for creating, using, and sharing quality multilingual and interactive OERs for
Language Education. Specifically, the paper provides an extensive summary of
existing language OERs and Open Educational Practices (OEPs), including
some important definitions, highlighting the most significant characteristics and
challenges in adopting OERs for educational purposes. This review will help
language teachers, students, and researchers to create, share, and use quality
multilingual and interactive OERs for language learning in their teaching
practices.

Keywords: Language education � Language learning � OEP � OER � Open
education � OPENLang Network

1 Introduction

The Open Educational Resources (OER), a term coined during a UNESCO Forum,
refers to the openness and provision of different resources for educational purposes
giving users free access to the educational material and resources to be used in various
educational contexts. The OER concept is growing rapidly over the last 15 years, as
distance education practices and online learning methodologies have been developed
and implemented worldwide. Given that, many institutions adopt the idea of openness
and universal access to educational content and provide freely an enormous number of
resources to the public. Thus, a lot of educational material and resources are now open
and available to everyone interested (i.e., students, adult learners, teachers, profes-
sionals, managers, policymakers, etc.) and also accessible for revision and adaptation to
a specific context [1].
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OERs are increasingly playing a critical role in distance/online learning systems in
many countries. Distance learning methods have been facilitated by the available OER,
as they offer enhanced access for groups customarily constrained from attending tra-
ditional institutions, such as secondary school graduates who fail to gain admission to a
university, women with domestic responsibilities, learners residing in remote rural
areas, and impoverished or socially marginalized communities [2].

Nowadays, although there are plenty of resources available on the web, it is
sometimes difficult to find an adequate OER to use for specific purposes. This
manuscript aims to provide a comprehensive overview of all the main aspects of the
creation, use, and sharing of OER material for language learning and teaching. The
overview will further develop our knowledge about OER and help us create an OER e-
toolkit to be used by teachers, researchers, and students. This e-toolkit which is
developed in the context of the European project “Open European Languages and
Cultures Network”, covers the basic steps of finding, using and creating an OER for
Language Education.

Furthermore, this e-Toolkit will help language teachers, researchers, and others in
this field on creating, sharing and using quality multilingual and interactive OERs for
language learning in their teaching practices. Also, many institutions and other
stakeholders (e.g., Universities, Schools, Educational organisations, Businesses, etc.)
would benefit from possibly adopting this e-Toolkit in their educational practices,
promoting openness, multilingualism, collaboration, and quality among others.

In this paper, we first provide an overview of OER, highlighting the most signif-
icant characteristics of OER and focusing on benefits and challenges mentioned in the
literature. Then, we present an overview of existing OER guidelines for creating/
sharing/using language materials and language OER databases, based on the previous
successful examples of OER guidelines. Finally, we provide some information
regarding the development of the e-toolkit and conclude with some important con-
siderations and future implications.

2 An Overview of Open Educational Resources

2.1 Definitions

The concept of OER was developed in 2002 during an online discussion hosted by
UNESCO. OERs are defined “as technology-enabled, open provision of educational
resources for consultation, use, and adaptation by a community of users for non-
commercial purposes” [3]. According to this definition, OERs refers to freely available
digital resources and educational material to support the teachers and the students.
These resources usually include learning objects, course materials, textbooks, experi-
ments and demonstrations, and syllabuses, curricula, and teachers’ guides [3].

The Organization for Economic Co-operation and Development defined OER as:
“digital learning resources offered online …freely and openly to teachers, educators,
students, and independent learners in order to be used, shared, combined, adapted, and
expanded in teaching, learning and research” [4, 5]. In this context, OERs are teaching,
and learning materials/resources/tools offered freely and openly to anyone and are
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available under a license that allows users to retain, reuse, revise, remix, and redis-
tribute. The opportunity for remixing, reusing and redistributing OERs developed
further the OERs’ concept, as this opportunity allows teachers to share the resources
with colleagues and students, edit and adjust the material based on their specific needs
and local context. Each OER has a Creative Commons or GNU license that states
specifically how the material may be used, reused, adapted, and shared.

In the literature, there are two different types of OERs: informal OERs (e.g., social
media, mobile calling, texting) and formal OERs (e.g., classroom prescribed learning
tools and lectures) on specific development outcomes of functional literacy and per-
ceived employability [6]. Some digital learning contents can be accessed and used
freely as OERs in the public domain or introduced with an open license which means
that anyone can legally and freely copy, use, adapt, and re-share them [7]. According to
many scholars/authors Massive Open Online Courses (MOOCs) are a special case of
OERs [8]; others believe MOOCs to be a progressive step in the evolution of OER [9].
In the last decade, the European Union has intensified the promotion of OERs since
they can facilitate policy dialogue, knowledge sharing, and collaboration between
states and institutions internationally [10].

Sometimes, OERs are interconnected or combined with Open Educational Practices
(OEP). According to Ehlers [11] OEP: “is the use of Open Educational Resources for
teaching and learning to innovate the learning process”. With this in mind, OEPs could
be defined as some practices which promote and enhance the use and development of
OER following some rules, policies or pedagogical models and frameworks. Specifi-
cally, the Open Educational Quality (OPAL) Initiative defines OEPs as: “the use of
OER to raise the quality of education and training and innovate educational practices
on an institutional, professional and individual level” [12].

In a nutshell, OERs are the educational material freely available on the web while
an OEP is actually the implementation, reuse and adjustment of an existing OER. For
example, according to Ehlers [11], the pure usage of OERs in a traditional closed and
top-down learning environment is not OEP.

2.2 OERs’ Principles and Characteristics

OERs’ general characteristics and principles, based on the literature, include amongst
others, the accessibility to everyone, the openness, the open license for the reusing and
modification of the material, the easiness to adapt and adjust in any context and the
inclusion of all types of digital media and multimedia applications [13]. Wiley and
Green [14] state that OERs should promote the following “4R” activities:

1. Revising which is adapting the OER to meet the needs of the end-user,
2. Remixing – combining or “mashing up” the OER with another OER to produce

new materials,
3. Reusing – using the original or derivative versions of the OER in a wide range of

new contexts, and
4. Redistributing – sharing the original work or derivative versions with others.

There are numerous OERs examples and categories. Based on the functionality and
usage of OERs, there are three major categories of OERs: Directories, Repositories and
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Databases. Directories provide resources that are available elsewhere on the Web.
Repositories are platforms that offer specific educational material or digital tools
designed and developed in the context of OER. Databases are the collection of OER,
usually ones created by a particular institution.

Some examples of OERs available to the Web include learning content (i.e., course
materials, content modules, learning objects, videos, assignments, journals, etc.),
interactive learning environments, digital tools (i.e., software for the creation, use, and
improvement of open learning content), digital textbooks, lesson plans for all the
educational levels, worksheets, adaptations of previously published OER.

In this context, Economides and Perifanou [15] proposed the OPEN
FASUCICESA-CPT model defining the following Open Capabilities for an OER:

• Open to Find (Seek, Locate, Discover);
• Open to Access (View, Watch, Read, Listen, Hear);
• Open to Store (Save, Retain, Download, Copy, Duplicate, Print);
• Open to Use (Control, Manage, Select);
• Open to Create (Design, Develop, Produce, Construct, Build, Calculate, Solve,

Modify, Alter, Change, Adapt, Revise, Translate, Mix, Integrate, Combine);
• Open to Interact (Communicate);
• Open to Collaborate (Cooperate, Co-Create);
• Open to Evaluate (Assess, Review, Critique, Rank);
• Open to Share (Distribute, Teach, Publish, Display, Present, Present, Display,

Show);
• Open to Abandon (Quit, Drop Out, Leave, Depart) without any penalties, charges,

fines, obligations, punishments etc.;
• Open Cost (allow anyone to participate at no cost);
• Open Place (allow anyone to participate from anywhere).
• Open Time (allow anyone to participate anytime).

2.3 Benefits and Challenges in Using OER in Education

OERs offer great opportunities for learners, students, teachers, and educational insti-
tutions as OERs give access to a plethora of resources and content. Nowadays, learning
materials can be easily distributed, shared, and adapted to meet learners’ needs and
interests. There is evidence from the literature that there are some important benefits of
using and sharing OERs.

First of all, OERs could increase learners’ motivation and engagement [16].
Shmueli [16] claims that the use and sharing of OERs can enhance education and
research, reduce the costs of educational resources’ development by reusing existing
resources, enhance the demand for life-long learning, and allow adjusting of existing
educational materials for local needs. It is also argued that OERs create opportunities
for more personalised learning experiences and increase students’ engagement [17].
For example, OERs can engage and motivate students with different socio-cognitive
backgrounds in the learning process [17]. Some studies revealed that OERs increase
students’ productivity by boosting their confidence, interest, and satisfaction while
other studies show that OERs’ awareness is growing [18]. The use of OER is a way to
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enrich and enhance traditional course content in every subject and specifically in
language learning. The conventional classroom can be enriched using OERs multi-
media material, presenting information in multiple formats, and helping students earn
the material being taught more easily. The digital resources (e.g., applications, tools,
etc.) that OERs offer should be considered valuable OERs in language learning and
teaching [19]. Indeed, OERs can facilitate the teaching based on some pedagogical
approaches creating language awareness.

Furthermore, students anywhere in the world can access OERs at any time, and
they can access the material repeatedly. This means that many people can benefit from
the educational content, which is a good thing for both learners and teachers. In that
way, OERs increase access to educational materials for a wider range of learners,
predominantly those underserved by traditional educational opportunities. Also, OERs
help teachers to expand their roles and find innovative ideas to implement in their
classes [18, 20], support teaching and learning practices [21] and finally reduce costs
for teachers and students during the course [22]. Also, previous studies [5, 23] claimed
that teachers use OERs to enrich their teaching methods and practices as well as to
interact with other colleagues [24]. According to [25], the use of OERs promotes
innovation in teaching practice enriching the teaching methods, strategies and existing
curriculum and content, increases educators’ reflection on current practice, and creates
opportunities for more collaborative methods of working [25].

Despite the benefits and advantages of using OER in educational contexts, several
studies indicated some challenges and obstacles on the use of OERs. One big challenge
is the lack of knowledge by educators regarding the usage of OERs, including issues of
language, the lack of ICT skills, some materials are confined within the e-learning
institutions, the limited free time and the lack of reward systems to account for the
efforts invested in creating and using OERs [24, 26].

Even more, a lot of work should be done regarding disseminating OERs amongst
the educational world to become more accessible to everyone. The use of OERs in the
EU is still far behind other countries such as the USA except for the UK [10]. Given the
teachers’ limited knowledge, there is plenty of room for disseminating OERs that
promote language learning experiences (1) geared towards a more integrated view of
language learning skills and (2) favor more personalized learning experiences.

Hodgkinson-Williams [27] talking about the challenges and adaptation of using
OERs, claims that the absence of students and learners’ technical skills, the difficulties
in covering the cost for developing or sustaining OERs, the unwillingness to share, use
or give away intellectual property, the lack of incentives for the creation of OERs, and
the difficulty to assure quality in open content are some of the basic challenges that
researchers should be aware.
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3 Use, Create, and Share of OER: Mapping the Existing
Guidelines

Generally, there are numerous articles and reports which include guidelines in relation
to OER. These guidelines were developed to help people interested in creating, using,
and finding OER. Most of these guidelines are targeted to specific groups such as
teachers, students, organisations, schools, etc. Some of these guidelines were created in
the context of Erasmus + projects to enhance or promote the use of OER for specific
purposes. This section presents some important existing guidelines regarding the use,
creation, and sharing of OER. It also provides some important considerations that could
help us create step-by-step guidelines for Language Education.

According to the literature [13], there are some concrete steps for the OERs’
creation and share, as Fig. 1 shows. The first step is the design and development of the
OER. In this step, it is important to consider the copyright restrictions in order to
provide as much openness as possible. The second step is the choice of a specific
license, for example based on the popular Creative Commons framework. Attribution is
always a requirement, and the author can decide whether or not to open the OER up to
remixing and/or commercial use. The next step is the publication of the OER on the
web and the final step is sharing the OER with others. In the final step, there are many
available choices and ways to promote and disseminate the OER in many groups of
people who might be interested in using this OER (i.e., social media, email, blogs,
YouTube etc.).

Desighn for Openness

Choose a License 

Publish

Share

Fig. 1. Concrete steps of the OER’ creation
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Regarding the development and sustainability of an OER, Wiley and Henson [23]
proposed a model with seven phases/steps as follows:

• Get: The first stage includes searching and finding OERs;
• Create: Generating the OER, preferably using open source tools;
• Localise: Making the OER more targeted to the specific group of people and to the

particular context;
• Remix: Taking two OERs, editing and merging them to a new OER;
• Licensing: Choosing the appropriate license;
• Use: Implementing the OER in your context;
• Redistribute: Publishing the OER and making it available for a wider range of

people and communities within the educational sector.

However, as many researchers stated, before finding, creating or remixing OERs you
need to seriously consider the OERs’ quality. Orr, Rimini and Van Damme [4] high-
light some specific policy considerations and recommendations for supporting the use,
sharing and adaptation of OER. According to them, for the creation of OERs, the main
objectives should be to aligning the OER to key educational challenges, to ensure the
sustainability of OER, to integrate OER into the whole learning setting, to support
teachers and learners, to save costs, and to improve the quality of educational
resources. Specifically, some of the OERs’ policy actions that Orr, Rimini, and Van
Damme [4] propose are the provision of open license materials, the establishment of
new communities of practice within the education field, the promotion of new digital
tools, and the promotion of research on how OERs are produced and used in certain
contexts.

Several studies in the area of OER claim that OER can facilitate learning and lead
to pedagogical change and more learner-centred experiences [18, 21, 25]. There are
many examples and cases mentioned in the literature on integrating and using OER in
the teaching practice to create more engaging and interactive lessons [25]. Some
examples include the support of peer learning between learners using Khan Academy
materials, the use of a digital course to support hybrid forms of teaching and learning,
the use of a simulation to support problem-based learning, and Augmented Reality to
present the learning resource etc.

In this context, Kawachi [28] developed the TIPS Framework consisting of four
basic pillars: Teaching and learning process; Information and material content; Pre-
sentation product and format; System technical and technology. This framework
includes some specific criteria mainly for teachers as creators of OER, as presented in
Fig. 2. Each pillar provides some basic suggestions/recommendations to be taken into
consideration by teachers when creating an OER. The first pillar has to do with the
teaching methodologies, processes and approaches, while the second pillar focuses on
the content that is included in the OER. The third pillar refers to the presentation of the
material focusing on formatting and designing, and the fourth pillar is about the
technical part of the OER.

Additionally, McGreal [29] indicates that the use of previously created materials is
almost always more efficient than creating your own and recommends taking advantage
of the online freely and legally accessible OER. The report also suggests that mixing
and matching from different sources can be more effective than creating them from

Open Educational Resources for Language Education 71



scratch. This also provides flexibility for reuse and repurposing. Similarly, Zimmer-
mann [30] reports some general hints for creating OER highlighting the importance of
copyright when using an existing available material by selecting the license carefully
based on the OER’s content and purpose. It is also important to think about how you
would like to distribute your OER to maximize the number of people who can benefit
from it. Regarding the sharing of an OER, Butcher [31] proposed four ways of sharing
OER with others. The first way is to use the institutional repository. The second way is
to select an open repository to share the OER and make it available to more people. The
third way is to build the OER online since there are sites that encourage the devel-
opment of OER within their online environments (e.g., Connexions, WikiEducator).
The last way is to share the OER through social networks such as Twitter, Facebook,
Linkedin, etc.

Given the potential of OER to improve higher education systems, UNESCO and
the Commonwealth of Learning (COL) have proposed some guidelines to support
governments, higher education institutions/providers, academic staff, student bodies,
and quality assurance/accreditation and recognition bodies [32]. Below the specific
guidelines for academic staff are presented:

Teaching and 
learning processes

•Learner-centered approach
•Learner autonomy
•Innova ve learnig ac vi es
•Specific learning objec ves
•Con nuous feedback and support 

Informa on and 
material content

•Relevant content
•Localized material
•Authen c content
•Interac ve material and tools

Presenta on 
product and 

format

•Open licence
•Easy to access and engage
•Clear, concise, and coherent presenta on of the 

material
•A rac ve design
•Open formats for delivery of OER

System technical 
and technology

•Metadata tags
•Only free sourceware/so ware
•OER should be easily portable, adaptable and 

transmissible
•Include the date of produc on, and date of the next 

revision

Fig. 2. TIPS framework: teachers as creators of OERs [28]
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• Develop skills to evaluate OER;
• Consider publishing OER: working collaboratively with peers and publishing

materials openly that are already routinely produced as part of teaching and
learning;

• Assemble, adapt, and contextualise existing OER;
• Develop the habit of working in teams;
• Seek institutional support for OER skills development;
• Leverage networks and communities of practice;
• Encourage student participation;
• Promote OER through publishing about OER;
• Provide feedback about, and data on the use of, existing OER;
• Update knowledge of IPR, copyright and privacy policies.

To conclude, there are plenty of open resources available on the web for educational
usage in all educational institutions, from schools to universities. Based on the liter-
ature review and the findings from the online survey completed by Erasmus+ partic-
ipants [33] will help us to create an e-toolkit for language education. In the next
section, we provide some basic guidelines for the use, creation, and sharing of OER.
We also present some well-known and successful databases with a focus on open
resources for language learning and teaching. Language teachers and trainers can use
those open resources to improve their existing teaching practices. These resources may
allow them to adopt innovative strategies/methodologies and bring technology to the
classroom.

4 Towards the Development of an OER e-Toolkit
for Language Education

As mentioned before, many previous reports offer comprehensive guidelines on how
teachers can create, use, and share OERs. Taking in consideration the insights from
those reports we developed an e-Toolkit for the creation/share/use of quality multi-
lingual and interactive OERs for language learning. This e-toolkit has been developed
with regards to the OPENLang Network project (https://www.openlangnet.eu/), an
Erasmus+ KA2 project. It has a concrete structure, and it combines theory and practice.
More specifically, the e-Toolkit includes:

– Useful material (basic authoring tools for the creation of OERs, language OER
databases, etc.),

– Specific examples of OERs,
– Useful tips for the creation/sharing of language OERs,
– Examples of good Open Educational practices in Language education,
– Self-evaluation assessment at the end of each section.

This toolkit is a step-by-step guide for Language education to equip language learning
instructors and trainers with the skills they need to find, use, create, and share language
OER. The e-toolkit is composed from six sections covering important aspects of
working with OER, as Fig. 3 shows. Particularly, in the introduction part, the purpose
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of the e-toolkit is explained, the target group that the toolkit is designed for and some
instructions on how to use the toolkit. The next chapter is the literature review where
we provide some definitions of OERs and OEPs, some characteristics, categories,
benefits, and challenges of using OERs and also an overview of existing guidelines for
OERs. The rest of the e-toolkit focuses on finding, using, creating and sharing an OER.
In these sections, we explain where and how to find language OERs and OEPs, how to
create OER (basic authoring tools for the creation of OERs, language OERs databases).
We provide specific examples of OERs and OEPs in Language education and offer
useful tips for the creation and sharing of language OERs. Last, we provide some
guidelines regarding copyright licensees. It is important to mention that each of the
above sections/chapters include specific learning objectives and self-assessment quiz-
zes at the end.

The main purpose of this e-toolkit is to get language teachers and trainers involved
in the adoption, creation, use, and sharing of OERs for language learning and teaching.
The e-toolkit will help language teachers find, use, create, and share quality multilin-
gual and interactive OERs for language learning in their teaching practices. All
teachers/trainers/researchers of language education are expected to benefit from pos-
sibly adopting this e-toolkit in their educational practices.

4.1 Finding OER Related to Language Education

In this section, some searching tips are presented for finding an OER in the area of
language education. Also, some available repositories, best OEPs for Language
Learning and resources are listed to help teachers and trainers find the appropriate
OERs. This section’s main learning objective is to provide some basic information on
conducting a preliminary search for OER related to language education.

Introduction Literature 
Review

Finding 
OER

Using, 
Creating 

and Sharing 
an OER

Copyright 
and Open 
Licensing

References

Fig. 3. Structure of the e-toolkit

74 P. Kosmas et al.



There is a growing interest in OER use in language learning contexts [19]. OERs is
a powerful tool for language learning as they promote personalized learning experi-
ences. There are many free textbooks available in many languages. There are also many
repositories and databases in relation to language education. For example, there is a
series of useful material to be used in foreign language teaching, in second language
teaching, in Computer Assisted Language Learning etc. A list of useful OERs data-
bases in language learning is presented in the following Table 1.

4.2 Using, Creating and Sharing OER

This section aims to provide useful information for language teachers and trainers on
how a teacher can use an OER in the classroom, how to create and share an OER
identifying the main steps and considerations of the OER creation process. Based on
the previous research, some useful tips on how you can use OER in your classroom
include:

• Find the most appropriate OER for your lessons.
• Integrate an OER into the whole learning setting.
• Use an OER in a collaborative way.
• Create spaces within the curriculum for this collaborative type of learning.
• Create new forms of learning within the OERs to provide learners with a learning

experience that better facilitates personal development and success.
• Consider giving a study guide to your students on how to integrate the specific OER

into the classroom.
• Use a learner-centred approach.
• The OER material that you use should align with local wants and needs and

anticipate your students’ current and future needs.

In terms of creating an OER, teachers/researchers/trainers should take into account
some specific key considerations before starting the process of creating. The first thing
is to identify who your audience will be (level of language, nationality, age, interests,
etc.). A second important consideration has to do with the changes that need to be done
in the OER if this is an existing material and mainly which types or formats of OER

Table 1. Some indicative OER databases for language education

a/a OER for language education

1 Center for Open Educational Resources & Language Learning (COERLL)
2 OER Commons
3 IRIS
4 MERLOT
5 The CEELBAS Language Repository
6 AbulÉdu Data
7 OpenLearn
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will be used. Last, the third consideration is related to the design challenges that need to
be under consideration (i.e., content, size, formatting, etc.).

In terms of sharing, which is the final stage, the necessary steps that a teacher
should follow to share its own resource are:

• Use Creative Commons to find openly licensed content to remix;
• Choose a License;
• Assign a license to the OER;
• Demonstrate best practices in the attribution of authorship, for both the authors of

the OER and for your own creations.

After that, one important step is the information about Copyright and Open Licensing.
It is crucial for those who would like to create an OER to understand the copyright and
open licenses, be aware of the different options that the Creative Commons License
framework provides, and choose the appropriate license based on the content and
learners’ needs.

At the end of each section, one self-assessment quiz is provided (see Fig. 4). This is
a simple test or quiz that includes some questions (e.g., true/false, multiple choise
questions) and some practice exercises based on the specific content and information
provided in the section. This test will help people to reflect on what they have learned
and test their knowledge.

Fig. 4. An example of a self-evaluation assessment included in the e-toolkit

76 P. Kosmas et al.



5 Conclusions

Based on our research, there are plenty of open resources available on the web for
educational usage in most educational institutions, from schools to universities. In this
paper we provided some important considerations regarding the creation, use, and
sharing of OERs with a focus on open resources and practices for language learning
and teaching. These OERs can be used by language teachers and trainers to improve
their existing teaching practices. Usually, these OERs give them opportunities to adopt
innovative strategies/methodologies and bring technology to the classroom. Finally,
taking into account the insights from previous reports and studies, we developed an e-
toolkit with step-by-step guidelines on how teachers/researchers can create, use and
share quality multilingual and interactive OER for language education.
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Abstract. The Automated Phonetic Transcription Grading Tool (APTgt) is an
online exam system developed by Auburn University HCI group. This appli-
cation aims to support faculty in communications disorders to improve their
pedagogy and timely feedback for students. This article discusses an attempt to
improve teacher’s experience by providing an automated method for exam
generation, which can significantly save time while creating exams. The exam
entry is created with the AU IPA (International Phonetic Alphabet) keyboard
and system that grades the exams upon student completion of the exam. The
exam is composed of several linguistics words with their pronunciation. Stu-
dents need to answer the questions by inputting the correct phonetic spells
during the exam. The core part in the auto-exam generator is the classification
module, which can classify the input words into different difficulty levels. In this
paper, we proposed two classification algorithms in the classification module:
Rule-based algorithm and Classification and Regression Trees (CART).

Keywords: E-learning � Linguistics words � International phonetic alphabet �
Phonetic transcription � Decision tree classifier � Multiclass classification

1 Introduction

The Internet has become more prominent in all aspects of human work and life. The
Internet has also been used to support learning and with our current state of emergency,
there has never been a greater need for E-learning tools in the education field, espe-
cially since the world is under a global pandemic now [1–3]. The definition of E-
learning is learning utilizing technologies to access educational courses outside of a
traditional classroom, and this helps users access the course materials or electronic
devices anytime, anywhere with few limitations [2]. Canvas, Udemy, and W3C are all
examples of platforms that provide strong support for E-learning.

The Automated Phonetic Transcription Grading Tool (APTgt) is a web-based
linguistics courses E-learning system that provides functions of creating interactive
examinations, taking and saving exams’ results, automatically grading submitted
exams, and analyzing the grades distribution for students in the Department of Com-
munication Disorder (CMDS) at Auburn University [4]. APTgt system aims to help the
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disordered student in learning phonetic transcription. This system supports the
improved quality of teacher’s pedagogical experience by reducing the task of manually
grading with the help of grading tools [1, 4]. This paper proposed an optimization to
our existed APTgt system with an auto-exam generator module.

In the initial version of the system APTgt1.0, creating an exam was time-
consuming and arduous for teachers [4]. After accessing the Manage Exam page,
teachers need to create questions by adding scores and difficulty levels to each word
with an IPA (International Phonetic Alphabet) keyboard. All the scores and difficulty
levels are manually calculated by teachers. All the created questions in our original
APTgt system are not reusable, which means a created word in one exam with its score
and difficulty level cannot be directly called to another exam.

To optimize the system and improve the user experience, we proposed an automatic
question difficulty classification module and an automatic exam generation module
based on the teacher’s requirements. The classification module automatically classifies
input words into three difficulty levels: easy, medium, and advanced. After classifi-
cation, all the words will be stored in a public question bank/word bank. The exam
generation module supports teachers to generate exams by selecting difficulty level and
the number of questions. With our optimization, the whole system can provide a better
user experience and has greater storage efficiency in that it reduces the space utilization
in the exam question database.

We also proposed two different approaches of classifying words into three different
levels: a rule-based classifier and classification and regression tree classifier (CART). In
the rule-based algorithm, each class of phonetic character has a specified weight. We
received the total score and difficulty level by calculating the total weight. With the
CART classifier, all the data are required from advisors from the Communications
Disorders department, we have identified three fundamental classes phonemes with
seven types of data features. Each solution has its advantage and disadvantage, the
details will get discussed in the fourth section.

2 Background

Compared with orthographic transcription, in the process of phonetic transcription, the
transcriber notes how the words are pronounced, using visual characters to represent
sounds [5]. The International Phonetic Alphabet (IPA) characters are the most com-
monly used to do the phonetic transcription. For example, ˈɔːdɪˌəʊ is the phonetic
spelling of “audio”. The purpose of our system is to support students with commu-
nication disorders and provide them training in the process of transcribing speech
phonetically, and we support students by providing them more opportunities to practice
and reinforce their learning of phonetic transcription. The traditional phonetic tran-
scription practice for students is to write phonetic symbols with pencils/pens with
speech sound, which is difficult because the phonetic symbols are always hard to
remember and like learning a new language. So, the demand for an E-learning system
to help students with their phonetic transcription skills is high.

Currently, there are many popular web-based E-learning systems such as Canvas,
Coursera, W3C. Most of them can provide general learning contents, including variable
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courses, interactive quizzes and comfortable user experience [3]. After investigating
different E-learning systems, we decided to develop our APTgt system because most of
the existing systems cannot support phonetic transcription which is our core target.
Other innovations of our APTgt system include the auto-exam generating module and
auto-grading module.

The APTgt system is an interactive E-learning system developed by the Auburn
University HCI group in a participatory design process with the faculty from the
Department of Communication Disorders to facilitate phonetic transcription training for
CMDS students [1]. APTgt provides many supportive features such as the following:
phonetic course content, lessons in the form of videos, practice sessions, and exam
sessions. With this system, teachers can easily upload course materials, generate and
manage the course, grade exams online. Students will abandon the shackles of pencils/
pen, and they do not need to remember the complex phonetic symbols, taking exams or
practices can be completed with a higher user experience because of the design of the
system and being supported to just need to recognize, and not have to recall all of the IPA
characters. The user can just select the characters needed on our Auburn developed IPA
keyboard [1, 4]. Next, we will briefly illustrate the functions of the APTgt system. There
are two main roles: the teacher’s role and the student’s role (See Fig. 1 and Fig. 2).

In teacher’s part (Fig. 1) [1, 4], each teacher has his/her own account which leads to
his/her own courses, the different account will lead to separate space, which means
teachers cannot share lesson materials and students’ information, this aims to protect

Fig. 1. Dataflow in teacher’s part

Fig. 2. Dataflow in student’s part
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student’s privacy. After logging into the system, teachers can create/manage lessons,
exams as well as practices, and review the answers submitted by students. The lessons
are formed by videos and exams are formed by audios.

A student will have to register to the system and access the functions [1, 4]. Students
need to get enrolled to some lessons to get access to the lesson materials and exams
related to the phonetic transcription. During the exam, each question is a word pro-
nunciation. The student simply needs to assemble the phonetic characters from the IPA
keyboard (See Fig. 3) to generate an answer that best represents the speech sound from
the question. The tool also provides solutions and results analysis from students’ exams,
and the students will know how their grades distribute in the overall grading pole.

There is one big challenge in our existed system. When a teacher is creating an
exam, he/she needs to input several questions/words with their difficulty levels and
scores with the IPA keyboard. The problem is that the difficulty level and scores of
each question need to be manually calculated by the teacher, there is no function to
help teacher calculate the score of the questions in the old system. Even worse, the
created question in one exam cannot be called to another exam. This inconvenient
exam generating process took a lot of trouble to teacher and caused the waste of space
utilization. In this paper, we focused on this problem and proposed some solutions to
avoid the manual calculation process and optimize the whole system.

3 Method

3.1 Exam Generating Tool

As discussed in prior sections, the exam generating function was developed to improve
user experience and optimize space utilization by providing commonly reused words in
the form of a reusable database. In the second version of APTgt software, our devel-
opment effort was to provide greater support for teachers by introducing an automated

Fig. 3. IPA keyboard
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approach to the generation of exams. In the original system, teachers have the arduous
task that every time they need to reuse a question, and they must recreate and recal-
culate the difficulty level. This labor-intensive process diminishes the user experience
for teachers (See left part of Fig. 4).

For example, in the left part of Fig. 4, Exam1 and Exam2 have the same question
“B” which means “B” needs to be calculated and uploaded twice to generate these two
exams. To generate these three exams (Exam1, Exam2, Exam3) with five questions (A,
B, C, D, E), question A, B, C and E needs to be uploaded multiple times. This repeat
work will cause a bad user experience. Even worse, teachers must waste time thinking
about the difficulty level for each question every time they upload it.

To build a smarter system, the APTgt should have the ability to automatically
calculate the difficulty level of each question when it is uploaded, and the question with
its difficulty level should be reused when a new exam is created with the same ques-
tions. In our proposed solution (right part of the Fig. 4), a question bank (word bank)
has been built to save all the questions, and we introduced a new difficulty-
classification module to calculate all the input words’ score and level.

From our new module (See Fig. 5), the teacher needs to pre-build a question/word
bank. This bank will be the library for all the questions. There is a classification module
in the word bank that can automatically classify the input questions into three different
difficulty levels: easy, medium and advanced. During the exam generating progress, a
teacher only needs to input the number of questions of each difficulty level, and the
system will randomly select questions from the question bank and generate a new

Fig. 4. A figure compared two different of generating exams.

Fig. 5. Flow chart of auto-exam generator
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exam. Compared with the original system, teacher with auto-exam generator can create
a new exam in 1 min without any calculating problem. Also, all the newly created
questions are stored in the word bank and all the questions in the word bank are
reusable regardless how many times. One teacher account can only access one word
bank because different teacher may have different classification rules. This module will
significantly save the teacher’s work.

3.2 Decision Tree Classification

For the difficulty-classification module, according to the teachers’ requirements, all the
questions/words stored in the question bank need to be classified into three classes:
easy, medium and advanced. It is apparent that we need a multi-class classification
algorithm to match this demand. The classifier incorporates regression functionality to
support new question classification and supports the prediction of appropriate word
class. And the classifier should deal with the continuous value because the attributes for
a question are always continuous values. Finally, we proposed two solutions for the
classification module: the rule-based algorithm and the Decision tree algorithm.

Decision tree learning is one of the most popular machine learning methods for
classification and regression [6–8]. It’s a kind of non-parameter supervised learning, the
goal is to create a model that predicts the value of a target variable by learning simple
rules from data features. In the tree structure, leaves represent class labels and branches
represent conjunctions of features that lead to those class labels. Famous decision tree
algorithms include ID3, C4.5 and Classification and Regression Tree (CART) [9]. ID3
is a top-down greedy algorithm that helps build the decision tree by iteratively selecting
the best features at each step from the root node. C4.5 is an extension of ID3, C4.5 can
handle both continuous and discrete attributes. Compared with ID3 and C4.5, the tree
structure for CART is binary tree, CART can be used in classification and regression
while it can also handle numeric values. That’s the reason we choose CART as our
classification algorithm.

If all data belong to a single class, it can be called pure. This dataset’s degree
should be 0 and 1, 0 means all data belong to the single class while 1 means all data
belong to another class. In CART, we use Gini index to measure the uncertainty, the
less Gini index is, the purer the dataset is [9].

Assume there are K classes, pk is the probability of an object being classified to that
class [9].

GiniðpÞ ¼
XK

k¼1

pk 1� pkð Þ ¼ 1�
XK

k¼1

p2k

For a binary classification problem, the probability of the first sample is p[11]:

Gini pð Þ ¼ 2pð1� pÞ

For sample D, the number of D is jDj, suppose there are K classes, the number of one
particular class is jCkj, the function will be [11]:
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Gini Dð Þ ¼ 1�
XK

k¼1

ðjCkj
jDj Þ

2

For sample D, the number of D is jDj, if divide D into jD1j and jD2j based on one
attribute A, we can find:

Gini D;Að Þ ¼ D1j j
Dj j Gini D1ð Þþ D2j j

Dj j Gini D2ð Þ

CART algorithm will iteratively do binary classify to one feature, so based on CART
algorithm, the decision tree model will be a binary tree [6, 7].

3.3 Exam Grading Tool

APTgt exams mainly focus on phonetic transcription which means in the students’ part,
students need to represent how the phonetic sound format [4]. With an International
Phonetic Alphabet (IPA) keyboard [1], students can input their answers to the system.
The grading tool should have the ability to calculate the difference between the stu-
dent’s answer and the correct answer. That becomes a String-to-String correction
problem [10], also known as an edit distance problem.

The definition of minimum edit distance is the minimum number of insertions,
deletions and substitutions that required to transform one string into another [4]. Dif-
ferent definitions may use a different set of operations, in our algorithm, we operations
are insertion, deletion and substitution.

Define two strings A and B as two sequences of characters, A has the length of n
and B has the length of m (m and n can be different). D(i, j) is the minimum edit
distance between A[1…i] and B[1…j], thus the minimum edit distance between A and
B is D(n, m).

There are four cases during the dynamic implementation [10, 11]:

– If the last character of A and B is the same, ignore the last character and recur the
length of A and B to n − 1 and m − 1.

– For insert operation, recur the length of A and B to n and m − 1.
– For delete operation, recur the length of A and B to n − 1 and m.
– For substitute operation, recur the length of A and B to n − 1 and m − 1.

For every operation, a cost of that operation should be added, and all the costs can be
regarded as the same value in our system.

The recurrence relation:

1. For each i = 1…M
2.      For each j = 1…N
3.
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4 Classification Solutions

To solve the classification part, we proposed two different solutions: the rule-based
algorithm and classification and regression tree classifier.

4.1 Rule-Based Algorithm

According to the phonetic transcription, we divided the phonetic characters into 12
classes: front vowel, back vowel, central vowel, stress, r-color vowel, diphthong,
consonant, affricate, allophone, diacritics, two phoneme and other. All the alphabets in
one dictionary have the same weight. For all created words, the classification module
will calculate the total weight of each word and store the word with its score in the
question bank (word bank). The overall difficulty level of a word can be classified by
the word’s weight to easy, medium and hard (Tables 1 and 2).

We supposed the range for difficulty level is easy: 0–11.5, medium: 12–22, adv: 22+.
The rule is not simply accumulating the total weight of characters but also consider the
total length of the word. Some classes with multiple characters need to be treated
carefully. For example, the score for “mji” is 3 while “nji” is 2.5 because “mj” belongs

Table 1. Rule-based classification module

Class Characters Weight

FrontVowels(FV) "i","ɪ","e","ɛ","æ" 1 

BackVowels(BV) "u","ʊ","o","ɔ","a" 1.5

CnetralVowels(CV) "ɝ","ʌ","ɚ","ə" 2 

Stress(ST) "eɪ", "oʊ" 3 

RColoredVowels(RCV) "ɪɹ","ɛɹ","aɹ","ɔɹ","ʊɹ","oɹ" 2.5

Diphthong(DT) "aʊ", "ɔɪ", "aɪ" 2 

Consonants(CO) "ɹ", "θ", "ð", "ʒ", "ʃ" 1

Affricates(AF) "d͡ʒ", " t͡ ʃ" 2

Allophone(AL) "ɾ", "ʔ" 2

Diacritics(DI) "ː ", "ǁ", " ̚", " ̃", " ̌ " , " ̊ ", " ̟", " ̠", " ̝", " ̞", " ̪", " ̺", "ɫ" 2

TwoPhonemes(TP) "mj","kw","ks" 2

JSound(JS) "j" 1 

Others(OT) p","t","k","b","d","g","s","z","f","v","h","n","m","ŋ","l","r","w","ɫ","n̩","m̩" 1
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to TwoPhonemes which score is 2, it is not correct by just using the score of “m” plus
the score of “j” and plus the score of “i”. Here is an image of created words stored in
the question bank (See Fig. 6).

The rule-based algorithm is easy to understand and implement.

4.2 CART Classifier

Data Prepared. We received about 120 words with their difficulty level from advisors
from department of speech, Auburn University, all the difficulty level is judged by
advisor’s experience. 70% of the dataset are used for model training and rest of the
words are used for testing. Since the CART algorithm can handle the continuous value,
we can utilize the number of different phonetic characters to be the data features in the
decision tree model [12–14]. We select the number of Vowels (VO), Allophones (AL),
Affricates (AF), Consonants (CO), Diacritics (DI), Two Phonemes (TP) and Diph-
thongs (DP). Here are some samples of our training dataset.

Model Trained. We used python sklearn library [12] to train the classification and
regression tree model and pydotplus to draw the decision tree model (Fig. 7).

Fig. 6. Word in the question bank

Table 2. Examples of dataset

Words VO AL AF CO DI TP DP Difficulty Level

ptk 0 0 0 3 0 0 0 easy
fja  uɔu 2 0 0 2 0 0 1 medium
t  ʃgðæʔ 1 1 1 2 0 0 0 easy
wja  uʌt  ʃio  ʊə 3 0 1 2 1 0 2 hard
refit ʃa  uʔ 2 2 1 1 0 0 1 medium
ha.lɚ ʔe ɪ  e 3 2 0 2 3 0 1 hard
rɪre.ð 2 2 0 1 1 0 0 easy
ãjaks 2 1 0 0 1 1 0 medium
wja  uʌt  ʃio  ʊə 3 0 1 2 1 0 2 hard
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After finishing creating decision tree model, the predict() method can be used to
predict which class should a new input word be. The parameters in the predict() are the
data features of the word [12] (Fig. 8).

5 Conclusion

In this paper, we introduced an auto-exam generator to optimize our existed APTgt
system (See Fig. 9). This exam generating module can significantly improve the user
experience including save teacher’s work and improve the space utilization.

Fig. 7. Decision tree model

Fig. 8. Predict the new input word

Fig. 9. Auto-exam generator

Optimization to Automated Phonetic Transcription Grading Tool (APTgt) 89



From the Fig. 9, the illustration indicates a teacher generating an exam, he/she
needs to select the difficulty level and input the number of the questions. The exam
generator will randomly select questions with that indicated difficulty level from the
question bank (word bank). Teachers can additionally manually edit the questions. This
exam generator effectively improved the user experience for teachers.

In the classification part, we proposed two classification solutions. The rule-based
classifier and decision tree classifier. The rule-based algorithm is easy to understand
and implement but not general, all the rules are developed or defined by the developer
which may not well applied to the phonetic transcription courses. If the different
teachers have the different criteria, that means all the rules need to be redefined.

The classification and regression tree (CART) classifier can better represent the
teacher’s ideas. We can treat different teachers as the different dataset, as long as we got
the data from a teacher, a unique decision tree model will be built for classification and
regression based on the dataset. The most crucial part in the CART classifier is data, if
we get enough data, we can build tree models with better accuracy.

In this paper, seven labels have been set to classify all the data into three classes,
about 120 words were added to the dataset, 70% of them were used for training and rest
of the words were used for testing. Finally, we got about 84% of correctness. We
believe the correct rate will be improved by adding more words into the dataset.
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fabrizzio@ufg.br

3 Computer Science, Southern Oregon University, Ashland, OR, USA

Abstract. A type of spelling test is a regular activity in children’s liter-
acy classes. This traditional paper-based test has application details that
need in-person administration. However, the pandemic period required
several class adjustments to distance learning and did not exist a digital
solution to aid professionals in this assessment. Therefore, our goal is
to provide a method to perform spelling assessments for children, even
remotely. Using the Design Science Research Methodology, we describe
the design study to develop an artifact for children’s spelling tests in
this work. We report as findings expectations of literacy professionals
and parents for that, and a usability inspection by experts in the arti-
fact developed. The prototype evaluation indicates approximately 73%
adherence to specific children’s design recommendations guidelines, more
outstanding adhesion than those previously evaluated by the literature
using the same guideline. These results indicate our artifact is feasible
and can aid children’s literacy in remote learning.

Keywords: Children · Literacy · Spelling assessment

1 Introduction

In the last year, we have experienced a crisis with no precedence, caused by
the COVID-19 pandemic. As a result, teachers and other professionals, who
work with children, had been required to adjust all learning activities to remote
environments. Emergent literacy was one of the most challenging areas because
young children – no-literate – are even more dependents on adults than other
students to understand homework requirements [1].

A routine task in literacy classrooms is spelling tests. Educational researchers
report the possibility of classification children’s thoughts about how the writing
system works while learning it. Children go through different comprehension
phases of phonemes and graphemes during the literacy process, and because of
that, professionals perform tests to recognize the child’s writing hypothesis [2–4].
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Teachers, speech therapists, psychologists, and other professionals perform
individual tests for children’s spelling level identification. These assessments sup-
port plan literacy activities that better meet personal learning needs for each
child. Usually, traditional spelling tests use paper, pencil, and handwriting in
dictation sessions [5].

Professionals must perceive essential details while the children write, such
as trace direction, mirrored letters presence [6], phonemes pronunciation, and
gestures in how they read what they write. These strategic signals are an essential
part of the evaluation, as much as letter choice. However, capture that in a
distance learning context is not a simple assignment [7].

Hence, we aim to provide a method to perform traditional spelling assess-
ments for children, even in remote contexts. In this work, we describe the design
study to develop an app for children’s spelling tests. The rest of the paper is
organized as follows: First, we overview the related works - technologies that pos-
sible dictation sessions configuration. Then, we describe our proposal’s concept
and development, adopting the Design Science Research Methodology (DSRM).
Next, we present a heuristic evaluation to validate the prototype. Finally, we
discuss the evaluation results as a proof of concept and ideas about future work
regarding this alternative method.

2 Related Works

Technology can aid teachers in literacy classes, and there is growing attention
of the Child-Computer Interaction community for that. Additionally, the mobile
application market has been designing solutions for children, especially in the
face of remote teaching [1,8]. Thus, we investigate the previous works focused
on children’s spelling. The Fig. 1 reveals the graphical interfaces by the principal
solutions investigated.

A game called DysEggxia [9] integrates a method to improve the spelling
of children with dyslexia through playful and targeted exercises. The principal
distinction between the proposal and the others is the non-use of correct words
or positive examples to follow. It presents for the child with a misspelled word
as an exercise to solve.

ABRACADABRA [10] is a web-based literacy program, which provides
resources and tools for teachers and parents. The spelling test section uses the
Wide Range Achievement Test [13], and it asks children to write single words on
dictation. Although the original test [13] is using handwriting, ABRACADABRA
adopted a model of choice of letters, as shown in Fig. 1b.

Some paid applications intended to perform children’s dictation tasks have
been developed. One available one is the “DoodleSpell” [11]. The app presents
some activities, such as the original dictate (audio asking to write something),
also picture-based dictation, and exercises of copying words and finding them in
word search puzzles. The tool increases the difficulty level according to the skills
acquired by the child.
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(a) DysEggxia[9] (b) ABRACADABRA[10]

(c) DoodleSpell [11] (d) Squeebles[12]

Fig. 1. Children’s spelling apps related to our proposal.

Although it presents several options for the teacher, it does not provides
children handwriting records. The Fig. 1c shows the screenshot of DoodleSpell.
Finally, another paid application is “Squeebles Spelling Tests” [12]. This app is a
specific tool for parents and teachers to create customized spelling tests. Among
the main features, there are set up tests for multiple users, upload spelling lists
recording audio of the word for children to hear, and send the tests created to
the cloud, allowing sharing on different family devices. As well as other apps,
also it does not provide capture of handwriting.

Therefore, several works provide ways to spelling assessment. The main
observed features are the teacher’s possibility of word customization, support for
the voice user interface, reports, and creation of dictation sessions. Nevertheless,
just one study reports pedagogical foundation or theories support. Moreover,
interactions for spelling are using a keyboard or a selection of letters on the
screen. Consequently, these solutions do not solve professionals’ new demand to
perform tests similar to traditional face-to-face in a remote learning context.

Furthermore, in the Brazilian scenario, any of these apps would be used
because it lacks assistance in the Portuguese language and the spelling theories
common in Brazilian literacy classrooms. No previous study focused on support-
ing teachers to perform spelling tests automated through children’s handwriting
to the best of our knowledge. Thus, in the next section, we describe more details
about our approach to working that.
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3 Study Design

Facing the perspective of solving a real problem using computational technology,
we adopted the Design Science Research Methodology (DSRM) as the methodol-
ogy to delineate the project. DSRM provides an iterate process containing phases
to identify the problem, define objectives of a solution, artifact design and devel-
opment, demonstration, evaluation, and communication [14]. The Fig. 2 shows
the design process, described as follows.

Fig. 2. The design process: (i) user research and spelling technologies review; (ii) brain-
storming session for ideation; (iii) wireframes build and hi-fi prototype; (iv) experts val-
idate. The design process: (i) user research and spelling technologies review; (ii) brain-
storming session for ideation; (iii) wireframes build and hi-fi prototype; (iv) experts
validate.

3.1 User Research

First, we needed to learn how users do spelling tests in a traditional environment;
what steps they performed at in-person classes before the pandemic period?
Thus, we interviewed teachers and conducted an online survey for parents and
professionals in the infant’s area. The scope was limited to Brazilian users.

In a partnership with the CEPAE/UFG, the school belonging to our univer-
sity, we received experts’ contributions in contextual interviews. Three literacy
teachers told us about the emergent literacy period and usual spelling activities.
For that, we ask: (i) What are the most common activities in literacy classes?
(ii) How is children’s writing assessed? (iii) Are there difficulties with individual
spelling assessments? (iv) Does school use technologies regularly in the class-
room?

Survey. From April to June 2020, we applied two online questionnaires to
understand users’ pain points and overall necessities in the spelling assessments
during the pandemic period.

Parents/guardians of children 4–7 years answered questions about expecta-
tions and difficulties in the remotely learning period in an online questionnaire.
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We asked: (i) Do schools maintain remote school activities? (ii) What digital
resources schools use for communication among teachers, parents, and children?
(iii) Which content format teachers adopt most frequently? (iv) Is the teacher
evaluating the children’s activities? (v) Do you identify difficulties for the child
to perform remote activities during this period? Additionally, the questionnaire
provided an open box for comments.

There was another questionnaire we applied to children’s literacy profession-
als. Our interest in this questionnaire was to understand how spelling evaluations
occur, the most notable theories that teachers use, session dictation duration,
what is most important to observe in the dictation sessions, and whether teach-
ers maintained evaluations during the remote teaching period. We also provided
an open box for opinions.

3.2 Ideation and Prototyping

After the user research step, we conduct a systematic review to analyze the
main related works. We also reviewed similar apps and made a list of functional
requirements to plan the method.

Inspired by the children’s writing development theories and how professionals
manage spelling assessments, our research group idealized the “Children Liter-
acy Aid Tool” (CLAT) method. CLAT simulates a spelling assessment equivalent
as teachers perform the face-to-face activity in classrooms. An app must sup-
port collecting children’s handwriting on touchscreen devices and a platform for
professionals and parents to follow each child’s progress data.

3.3 Expert Validation

A focus group discussion supports identifying participants’ perceptions, feelings,
perspectives, and ideas about a particular subject, product, or activity. Thus, as
a first concept validation, we showed the hi-fi prototype to teachers and collected
their opinion in a focus group discussion. We asked them what the benefits and
limitations of the method proposed. For that, we used two devices in that test:
(i) Samsung Galaxy Tab 10.1 (2010) model P7500 - Android 4.2.2; (ii) Samsung
Galaxy Note 10.1 (2013) model GT-N8000, Android 7.1.2, including the S pen.
The participants were the same as the contextual interview before.

Using the TIDRC framework [8] as a guideline, we invite five computer
experts to inspect these design guidelines analytically in our prototype [15].

Guidelines. The TIDRC is a guideline of developmental suitability for chil-
dren’s touch screen interfaces evidenced-based design recommendations, result-
ing from a comprehensive literature review by Soni et al. It presents structured
guidelines in three interface dimensions: cognitive, physical, and socio-emotional.

The socio-emotional dimension analyzes items about customization options,
activity structure, and social sharing and privacy. The physical dimension ana-
lyzes gesture and target features, such as type of gestures, gesture family, and
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target size. Finally, the cognitive dimension evidences visual design and audio
features, interactive and informational features, and application responsiveness.

The original conceptual framework has 57 evidence-based design recommen-
dations, distributed in 4 items to socio-emotional, 11 items to physical, and 47
items to cognitive dimension. However, we adapted it, adjusting to specificities
of the target audience (4 to 7 years old) and the literacy context. Thus, we
consider just 53 items for the questionnaire of evaluation.

Thus, we designed an online form for the evaluators to answer the prototype’s
adherence level regarding those items. We have adopted a Likert scale of 5 points:
strongly disagree, disagree, neutral, agree, and strongly agree. Additionally, there
were text input boxes for relevant raters’ observations to each item category.

Procedure. We instructed the participants to access the application and
explore it openly. Next, they received the address of the online evaluation form.
Because of the COVID-19 pandemic, we were unable to experiment face-to-
face with the evaluators. Then, we configured a cloud testing service for remote
evaluation to ensure access to all and the same environment for the test. Geny-
motion Cloud provides Android virtual devices to run apps on the web, ensuring
all features, including audio and text-to-speech configuration. Consequently, we
created a virtual tablet device, Android version 10.0, 1536 × 2048 size with 320
DPI, and sent an invitation to evaluators to online access.

During the design process, we achieved some results and shared them in the
following section.

4 Results and Discussion

After teacher interviews, parents questionnaires, prototyping steps, and tests
with specialists, we achieved some results. Thus, in this section, we report the
main findings during the artifact design process.

4.1 User Insights

We began the project by interviewing three literacy teachers. As for the most
common literacy activities, they showed tasks to writing and reading skills. Gen-
erally, the activities involve a central theme, such as an infant story and exploring
words about that.

As for writing assessment, there are several types of activities, collective and
individual moments. Furthermore, teachers differ “spontaneous writing” from
“guided writing.” The spontaneous way is when the children choose what they
want to write, while guided is when an adult dictates something to children, usu-
ally from a word list. About technologies used in school, they said that exist a few
tablet devices at school. For this reason, teachers need to use them collectively.
Nonetheless, an interesting point is the teachers observe children’s greater inter-
est in carrying out activities in this type of device than traditional ways using
paper and pencil.
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They indicated that there are several methodologies for literacy in Brazil,
and therefore, different modes of conducting spelling tests. The choice of test
type depends on the theory supported by each school. Because of this reporting,
we conducted an online questionnaire to receive more teachers’ answers. We
conducted a survey using two questionnaires: one for professionals and the other
for parents.

Professionals Overview. The professionals’ questionnaire received the con-
tribution of 104 people from all Brazilian regions. The first question we asked
was if they applied word dictations for children. The majority, about 83% of
participants, answered yes against 17% of them that said not. Thus, we asked
these professionals which theoretical basis they adopted. Approximately 79% of
respondents said that they classify children’s writing according to the theory of
Ferreiro et al. [2]. Another 13% indicated that they label writing on levels created
by themselves, based on their experience. Only 3% pointed to Linnea’s theory
[3], and another 3% registered that they do not classify children’s spelling.

Fig. 3. Empathy mapping example - professionals.

In addition to these indicators, most professionals spend up to 30 min per-
forming the individual dictations. When we asked them what challenges there
are in applying individual dictation, they reported: number of children in the
same class, keeping other children in school activity while applying individual
dictation, lack of an appropriate environment for individual dictation, difficulty
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in manually organizing the children’s records, and evaluation of results. Only
13% of the professionals reported that they do not see difficulties in this activ-
ity. By uniting the professionals’ perceptions in the interviews and the survey,
we created an empathy map for the teacher user profile, illustrates in Fig. 3. The
empathy map deals with teachers’ pain and desires regarding the possibility of
evaluating spelling remotely, especially during the pandemic period.

Understanding Face-to-Face Spelling Tests. During the contact with the
professionals, we try to understand how the individual evaluation works. There-
fore, we describe below the steps to teachers performing spelling assessments
based on Ferreiro’s theory [2], one of most practiced in Brazil.

Teachers plan a list of four words and a sentence to be dictated. These words
differ in the number of syllables and must be from the same semantic context. At
the test time, the environment must be conducive to the child’s concentration.
This test is a silent and individual moment with the professional.

Hence, children had to follow some instructions:

1. The professional asks the child to write on the paper as he thinks how to spell
the first dictated word.

2. After the child has finished, professionals ask him to read what he has just
written, pointing with his finger to the register (finger-point reading).

3. In the sequence, the professional observes what movements the children have
made with their finger while reading and draws the gesture made below the
child’s writing. This strategic sign is essential to identify a phonetic connection
with letters’ choice and if the child has syllabic perception.

4. The steps are repeated until the professional dictates all the words and the
final sentence. Then, the professional analyzes the child’s record and classifies
which level is appropriate.

Parents Overview. The parents’ questionnaire received the contribution of
119 people, guardians from children 4 to 7 years (literacy period). Likewise the
professionals’ questionnaire, there were participants from all Brazilian regions1.

This specific questionnaire aimed to understand the parents’ view of literacy
activities during the remote classes period. To the guardians who responded
that remote activities were normally occurring at the child’s school (76% of
respondents), we asked about the most commonly used resources, the format of
content sent, and how evaluations of children’s productions were happening.

The Fig. 4 illustrates in a graph the responses received regarding resources
used. Parents responded to social networks such as Whatsapp, Facebook, and
Instagram regarding the most used resources (56% choices). Furthermore, they
chose the use of the Learning Management System (LMS), such as Google
Classroom, Edmodo, Moodle, among others (51% choices). Video platforms
(Youtube and Vimeo) are also a widely used resource, with approximately 44%
1 The project website presents the detailed survey data: http://fabrizziosoares.me/

clat.

http://fabrizziosoares.me/clat
http://fabrizziosoares.me/clat
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Social Media

LMS
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Email

Websites or blogs

Shared files

Other

56%

51%

44%

16%

9%

7%

2%

What are digital resources being used for
communication among teachers, parents, and children?

Fig. 4. The responses received regarding resources used by schools during the pandemic
period to remote learning.

of choices. Likewise, email (16%) is often mentioned, and websites or blogs (9%).
Additionally, parents indicated cloud shared folders (7%), such as Google Drive,
Dropbox, and One Drive. In the “Other,” they mentioned Microsoft Teams and
also a school platform.

Already on the content format sent, the main is recorded video (33%). In
the recorded video, teachers film lessons and send them to children - asyn-

0% 20% 40% 60% 80% 100%

Recorded Videos

Tasks

Online Live Classes

Textbooks

Reading Material

Recorded Audio

Other

33%

24%

20%

17%

2%

1%

2%

Which content format is being adopted most frequently?

Fig. 5. Type of content format most used during the remote learning period.
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chronously). Many schools adopted printed tasks (24%), and others have opted
for online live classes (20%). The textbook also appears as a content option in
this period, with approximately 17% of choices. Among the less mentioned items
are the use of reading material and recorded audio. In the “Other” option, one
person described “small videos with proposals of games, and storytelling” and
another that the school made a mix of all content formats. The graph of Fig. 5
reveals the data received in this question.

We asked how teachers were evaluating the activities done by the child during
the pandemic. Most of those guardians indicated that they send a photo of the
activity or a digitalized paper task version by social networks, approximately
42% of the users. However, the number of responses describing that teachers not
doing evaluations in this period was also significant (40%), at least in parents’
understanding. Some of them also indicated that teachers correct in the digital
platform of school, almost 16% of the answers. The Fig. 6 demonstrates a graph
with detailed data on this issue.

0% 20% 40% 60% 80% 100%

Activities Photo

No Evaluation

School Platform

Other

42%

40%

16%

2%

How do teachers evaluate the
children’s activities during the pandemic?

Fig. 6. Teachers’ evaluation approaches for children’s writing records

Finally, we asked all parents what the main difficulties for spelling remote
activities were. About 68% of the participants registered an adult’s dependence
to perform activities as a crucial factor. In the sequence, the lack of direct com-
munication between teachers and children (29%), difficulty in restricting chil-
dren’s access to the digital environment for study purposes only (15%), and the
reduction of teachers’ feedback. Additionally, they indicated the need to access
children to social networks and communication difficulties among all profession-
als who attend the child (teacher, speech therapist, among others). Further-
more, 13% of respondents said there are no difficulties in this process. From par-
ents’ and professionals’ comments, we have designed an artifact to solve remote
spelling evaluations, detailed below.

4.2 Solution Designed

After contextualization and analysis of requirements emerge the Children Liter-
acy Aid Tool (CLAT) project. Firstly, we develop a prototype for the Android
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system. The graphical interface is based on previously evaluated applications,
including the free spelling area. The teacher’s report is currently the same as the
paper version (including markings on how the child read). This prototype has
limited functionality since its function was only to test children’s interaction.
Therefore, we intend to amplify the proposal, allowing access to conventional
browsers. Consequently, it will be possible to use in different touch-sensitive
devices, regardless of operational systems.

The initial prototype follows the approach of Ferreiro et al. [2], which was
the one that had the most significant prominence in the survey we conducted
for literacy teachers. The Fig. 7 demonstrates the step by step hi-fi prototype
developed. In this approach, the app dictates four words from the same semantic
field, which differ in the number of syllables. Next, it dictates a sentence using
one of the previous words.

Fig. 7. Steps of the dictation on the mobile device.

The professional chooses one of the available themes and writes the child’s
name and age. Afterward, he passes the device to the child, who will be evaluated.
The app dictates (by text-to-speech) the word for the child. In the sequence, the
child writes - using his own finger or a pen for touch-sensitive devices. The app
recognizes that the child has finished spelling and asks him to read aloud and
touch with the finger on the screen. This process is repeated until all the words,
and the sentence has been dictated. In the end, the app generates the report for
the professional in PDF format. To evaluate the prototype designed, we evaluate
it with experts using a specific guideline and the results are describe below.
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4.3 Heuristic Evaluation

The COVID-19 pandemic did not allow interaction tests with children since
the schools canceled face-to-face activities. Therefore, to demonstrate that our
proposal is child-friendly and feasible for utilization, we made a preliminary
validation of the prototype with specialists of Human-Computer Interaction,
through usability inspection using the TIDRC conceptual framework [8].

Firstly, the experts reported about the socio-emotional dimension. The graph
in Fig. 8 illustrates 46.7% of agreement with items evaluated, 13.3% neutrality,
and 40% of disagreement. Most positive assessments were in the item “Pro-
vides choice and customization features to enhance children’s intrinsic moti-
vation and task engagement.” Evaluators indicated the possibility of teachers
choosing themes and words as compatible with this item. However, some evalu-
ators disagree because it is not possible for customization by children.

0% 20% 40% 60% 80% 100%

Agreement

Neutral

Disagreement

46.7%

13.3%

40%

Socio-Emotional Dimension

Fig. 8. Percentage of adherence to three items evaluated in socio-emotional dimension

The item “Uses an open-ended app structure to support children’s engage-
ment and creativity” was a few nonspecific because in this type of spelling test is
not possible an open-ended structure for children since that sequence is crucial
for a correct assessment by the teacher. Thus, the majority of experts classi-
fied it as neutral adherence. The last item, “Avoids computer-automated social
interactions for children,” received the severest disagreement since the app uses
text-to-speech technology to dictate words for children.

Next, the physical dimension had eleven items to appreciate, generally about
gestures and targets area. The graph in Fig. 9 demonstrates 74.5% of adher-
ence for these items, 14.5% of neutrality, and just 11.3% of disagreement by
evaluators.

The specialists assessed the determined gesture family as well as the size of
the gesture area and button choices. However, the framework addresses possi-
bilities of scrolling that the application does not provide. Consequently, items
“Supports full-hand gestures for scrolling instead of thumb and index finger
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Physical Dimension

Fig. 9. Percentage of adherence to eleven items evaluated in physical dimension

gestures” and “Uses horizontal scrolling instead of vertical scrolling, which is
conceptually difficult for children” were the ones that received the lowest adher-
ence appraisers. However, we did not include scrolling precisely because the
writing area occupies the whole screen without considering these options.

The cognitive dimension is the one with the most significant number of recom-
mendations because it understands features of visual design, audio, interactivity,
informational options, and application responsiveness. The Fig. 10 demonstrates
almost 75% of the app adherence with recommendations, 13.8% neutrality, and
just 11% disagreement.

0% 20% 40% 60% 80% 100%

Agreement

Neutral

Disagreement

74.9%

13.8%

11.3%

Cognitive Dimension

Fig. 10. Percentage of adherence to thirty-nine items evaluated in cognitive dimension

The evaluators strongly agree that the application adheres to visual design
guidance: graphics, backgrounds, and text font are ideals to an infant proposal.
To the audio features, they consider appropriate sounds to feedback uses. How-
ever, there was a negative assessment about the item “Avoids using background
music with videos” because the intro video had a song background.

About interactive features, the specialists approve the clickable options,
labels, and low menu complexity items. Nevertheless, they reported the no-
existence of explicit scaffolding such as interaction prompts to help children
remember how to accomplish tasks. Informational features received a favorable
assessment as well, save the presence of a tutorial that was contradictory. Due
to the recommendation “Avoids using in-app tutorials for children; the interface
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should provide some form of guidance during tasks,” this aspect held strong
disagreement assessed by experts.

Soni et al. [8] reported that apps evaluated in their study adhere to only 51%
of items in the cognitive dimension and 67% in the physical dimension. At the
same time, our prototype adheres to up to 74.9% of the cognitive dimension items
and 75% in the physical dimension. As for the socio-emotional dimension, the
study indicates that, on average, 72% of apps adhere to these items. In CLAT,
these items need to be improved since the application adheres to 47% of the
socio-emotional recommendations. However, CLAT disagrees with some TIDRC
items due to teachers’ pre-literacy requirements, mainly in the socio-emotional
dimension. Therefore, the expansion of specific guidelines for children’s touch-
sensitive applications regarding early literacy, including pedagogical resources,
is evident.

0% 20% 40% 60% 80% 100%

Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree

47.5%

25.7%

14%

8.3%

4.5%

General Evaluation using TIDRC Framework

Fig. 11. Percentage of adherence to all fifty-three items evaluated by five experts

In general, the evaluation of the prototype was entirely satisfactory. The
Fig. 11 illustrates a graph with the total percentage of app adherence to the fifty-
three TIDRC framework items. There were approximately 47% of the experts’
strong agreement, followed by almost 26% of agreement, 14% neutrality, 8%
disagreement, and 4.5% strong disagreement. If we consider fidelity to the rec-
ommendations, adding the percentages of strong agreement and agreement, we
reached 73.2% of positive assessment against just 12.8% of inconsistency and the
rest in neutrality. The heuristic evaluation results show an essential validation
to the solution designed concerning evidence-based design recommendations for
children.

5 Concluding Remarks

Teachers perform children’s spelling tests in literacy classes. However, during the
pandemic period, emerged need to perform this traditional face-to-face assess-
ment remotely. The work goal was to understand the main design requirements
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for this type of task and develop a digital solution to support teachers, children,
and parents.

Complementing previous solutions focused on children spelling activities, we
presented a solution for mobile devices that promote teachers’ customization
of dictation sessions and capture children’s handwriting. Our proposal, named
Children Literacy Aid Tool, presents an artifact using an educational theoret-
ical basis as the teachers practice in traditional paper-based tests. As steps in
methodology, we performed context interviews and a survey for parents and liter-
acy professionals. We designed an artifact and assessed it in a usability inspection
for experts.

As the results, we report findings of how Brazilian parents face the remote
period with children in the literacy phase and the main difficulties of this.
Furthermore, we mapped out how professionals usually performed the tradi-
tional face-to-face paper-based assessment process and created a method to do
it remotely, with digital support. We also describe the main themes that emerged
from the children’s literacy in a distance learning context - teachers’ expecta-
tions, roles, perceived benefits, and concerns.

After developing a prototype, we evaluated it using the TIDRC conceptual
framework, and we obtained satisfactory results. Overall, our app has achieved
73% approval on guidelines from evidence-based design recommendations for
children used. These results suggest that the new solution is feasible to support
children’s spelling tests. Thus, we conclude that our goal was achieved, and the
next steps are to correct the items pointed out by the evaluators and test with
children.

A significant advantage of the proposed method over the others is the
teacher’s possibility of remote evaluation, capturing the child’s handwriting.
Other apps use the keyboard or visible letters to choose the writing, which does
not simulate the classroom’s real context.

Moreover, we intended to offer an advanced writing experience for the child,
reproducing the paper and pencil experience adapted in different touch-sensitive
devices and promoting greater engagement of the learner during the spelling
sessions through gamification strategies.
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Abstract. The issue of migrant integration in host communities is of major
importance, because its effectiveness can influence employment opportunities,
social cohesion, and economic welfare, creating equal opportunities among cit-
izens. One of the greatest challenges towards this goal is the limited knowledge
of the language of the host community, which can create miscommunication and
additional difficulties to migrants. Basic language training is important, but it is of
little help when migrants are confronted with the language used in complex
procedures that are required for their inclusion in the new country of residence.
This paper, which is descriptive and explorative in nature, focuses on the targeted
digital solutions offered by the EU-funded easyRights research project that can
help migrants effectively communicate and receive guidance, in order to handle
the demands of various inclusion-related procedures that may differ from one
country to the other. One of the digital tools presented in the paper aims at
facilitating familiarization with the required domain-specific vocabulary, while
the second one intends to offer pronunciation training, including training for the
domain-specific words, in order to equip migrants with the knowledge and skills
they need to communicate effectively. The two digital tools, which could act
synergistically, employ advanced technology and are part of a technological
pathway, whose aim is to assist migrants exercise their rights in the process of
their integration in a new country. Implications are also discussed.

Keywords: Digital � Mobile-based language training � Migrant integration

1 Introduction

The fast pacing technological evolution that has occurred in recent years paved the way
for unprecedented changes in human life and communication and brought promises for
solutions to problems that relate to various fields of human action. One of these fields
that have always been challenging and where technology can provide effective solu-
tions is social organization and active citizenship [1], especially in cases in which
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societies consist of multicultural and plurilingual populations, as a result of the rising
migration trends. This paper focuses on the European context and on the technological
solutions that can be employed with the purpose of assisting the migrants’ social
inclusion in new places of residence, by helping them overcome the language barrier
and exercise their rights.

1.1 Migration and Integration in Europe: Facts and Trends

The issue of migration in Europe has attracted increasing attention in recent years,
because there is a great number of people from various countries and nationalities that
have been constantly crossing the EU (European Union) borders in an effort to chase
opportunities for a better life. In fact, it has been estimated that more than 1 million
people have entered the EU borders during the ‘refugee crisis’ in 2015 [2] and this
number keeps growing with even more third country (non-EU) nationals from various
parts of Africa, the Middle East or the Black Sea countries constantly reaching the
European continent and following different routes [3–5].

The reasons for migration vary and may also determine the status of the ‘moving
person’, who is generally called a ‘migrant’, but falls, in fact, into one of the three
following categories [6, 7]:

1. Asylum seeker: A third-country (non-EU country) national or stateless person who
has usually been forced to leave the country of origin, mainly for reasons of war,
persecution or human rights violation, and has made an application for protection to
another country, in respect of which a final decision has not yet been taken and as a
consequence, he/she has not been legally recognized as a refugee yet.

2. Refugee: A third-country national or stateless person who has voluntarily left the
country of former residence and is unwilling or unable to return, because of fear of
persecution for reasons of race, religion, political opinion or membership to a
particular social group and to whom the right of international protection is
recognized.

3. Migrant: A person who has usually been a resident in a third country and establishes
his/her usual residence in the territory of an EU Member State for a period that is, or
is expected to be, at least 12 months and is neither a refugee nor an asylum seeker.

The term ‘migrant’ is going to be used as an umbrella term in this paper to refer to all
these three categories.

Regardless of the reasons for moving to another country, migrants have
acknowledged human rights that should be respected in any case, so that violations and
marginalization can be avoided [6, 8]. Consequently, the migrants’ integration in host
communities should be a priority. However, this also seems to be a challenge, since
there is not always a clear perception of what the process of integration entails and how
it can be achieved. In fact, integration is sometimes considered as a one-way process of
adaptation, that refers to the migrants’ ‘acculturation’ or ‘assimilation’ to the host
community’s culture, way of life and mentality [9]. Instead, the definition provided in
[10] describes migrant integration as “a two-way process of adaptation”, during which
both the migrants but also the host communities should become aware of their exact
rights and obligations and collaborate towards shared goals, some of which are the
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respect for common values as well as access to services and the labor market. This
definition manages to include the concept of the ‘social engineering of integration’ that
is likely to lead to functional multi-cultural societies [11].

Apart from the definitional ambiguities, it seems without doubt that the issue of
migrant integration is closely related to the migrant’s human rights, safety and legal
identity, thus rendering it necessary for host countries to design migration policies and
specify criteria for integration, such as the ‘Zaragoza integration indicators’, which
examine the level of integration in the areas of education, employment, social inclusion
and active citizenship [12]. These initiatives are directed towards the confrontation of
the practical challenges involved in the integration process, which include, among
others, information poverty [13], bureaucratic, legal and cultural barriers as well as
limited proficiency in the local language [14].

In fact, the migrants’ limited knowledge of the language of the host community
seems to be a serious issue, since it may create miscommunication and feelings of
disappointment, making migrants miss opportunities to familiarize themselves with the
host culture, expand their social contacts and match their skills with the local labor
market [9, 15, 16]. Therefore, the language gap could hinder the migrants’ active
participation in host communities and prolong the process of their social inclusion, thus
rendering language learning “a first-priority intervention for the general migrant and
refugee community” [17, p. 100]. This explains the need for the design of language and
education policies that carefully consider the issue of language diversity and recognize
the migrants’ literacy as an essential right and a prerequisite for their actual integration
in a society that regards them as citizens with equal rights [18].

All these challenges that relate to migrant integration can be confronted to a great
extent by the means of digital technology tools, such as automation, digitalization,
robotics, artificial intelligence, the Internet of Things (IoT), web-based platforms and
location-based applications, which have changed the landscape of economic transac-
tions and social processes on a global scale in recent years [14, 19, 20]. In addition to
the management of migration flows and border control, digital connectivity can also
provide valuable solutions in the newly arrived migrants’ information about local
administrative and housing services, labor market and entrepreneurship opportunities
as well as educational and training courses [21, 22].

The section that follows describes how the migrants’ knowledge gap in the lan-
guage of the host country can be covered by innovative training practices that involve
digital technology, as part of the process towards their social inclusion.

1.2 Digital Technological Solutions for Migrant Language Training

On a global level, the ownership and use of mobile phones and social media con-
nectivity have been following a rising trend which can be partly justified by the
increased investment in advanced technologies as well as by the availability of low-cost
smartphones and data consumption offers [23]. Meanwhile, smartphones are widely
recognized as an essential tool for migrants to keep contact with their country of origin
and survive in the new country, since web sites, phone-based applications and social
media are the main sources of information about the pre-migration, settlement as well
as integration stages [24, 25]. Despite the fact that mobile-based internet connectivity
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may still not be feasible for all migrant populations and in particular for refugees found
in rural areas [26], the facilitating role of technology and particularly the digital con-
nectivity offered by mobile phones is also emphasized in the 2030 Agenda for Sus-
tainable Development, since it can help toward migrant integration, which can
contribute to the economic and social development of both the destination countries
and the countries of origin [27].

Among the technologies that have been commonly employed with the purpose of
supporting migrants’ social inclusion, employability, education and training in the
language of the host country, those that relate to mobile-based digital connectivity are
the most popular, such as Free Digital Learning (henceforth referred as FDL), Massive
Open Online Courses (henceforth referred as MOOCs) and gamified learning platforms
[17, 28–31]. These technologies, whose educational benefits have already been con-
firmed in various settings that do not always relate to migrant integration purposes [32–
35], seem likely to offer great potential, especially in cases where there is no funding or
opportunities for formal education or live training courses and can also help migrants
handle any difficulties or language issues even long before starting their journey to a
foreign country.

Concerning the migrants’ language training, in particular, Colucci et al. [28] pro-
vide examples of several apps, MOOCs and FDL online courses, that primarily appear
as language learning initiatives, but they also serve as a means of assisting civic
integration (e.g. guiding migrants to cope with administrative procedures). The authors
support that these tools can adapt the content of learning and the related vocabulary to
specific situations that relate to the migrants’ needs, following an approach that is very
close to “Content and Language Integrated Learning” (CLIL) [36].

In the same vein, Castaño-Muñoz et al. [30] point out that MOOCs and FDL can be
effectively used towards assisting not only migrant civic integration and employment,
but also language learning and participation in higher education, offering great potential
and many options in terms of the mode of learning. Concerning the FDL intended for
language learning, the authors point out that there are several initiatives that target the
migrants’ language learning needs, whose development has been favored by the
widespread use of mobile phones, the great number of translation apps, commercial
mobile apps (such as Duolingo and Babbel) and educational videos that can be watched
on line for free as well as the possibility to readapt many open resources, MOOCs and
university language courses to create free material that can be used either online, off
line or in a face-to-face context of language instruction. Some digital applications that
are mentioned as examples are Welcomm!1,which promotes non-formal language
learning and Kiron2,which addresses refugee students and prepares them for admission
in the German Higher Education system, by offering online language courses in
combination with online practice in other competencies.

Moreover, the combination of FDL with gamification, that is the “use of game-
design elements in non-game contexts” [37, p. 2425], can effectively contribute to
educational purposes, since gamification has been found to make the whole learning

1 https://welcomm-europe.eu/.
2 https://kiron.ngo/en/.
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process more enjoyable and motivating, reducing learners’ anxiety and building con-
fidence in the foreign language [29, 34, 35]. In fact, the combination of mobile learning
with gamified activities, could offer several benefits in language immersion pro-
grammes where migrants are the target users, by promoting learner autonomy and
maximizing the benefits of informal situated learning.

In relation to mobile learning, in particular, Kukulska-Hulme et al. [29] review
three projects that use mobile learning technology to achieve contextualized language
learning beyond the classroom in language immersion programs. The first one is the
MASELTOV project (Mobile Assistance for Social Inclusion and Empowerment of
Immigrants with Persuasive Learning Technologies and Social Network Services),
which is based on a context-aware smartphone application that combines language
learning with game playing services, social interaction, navigation and information [32,
38]. In the SALSA project (Sensors and Apps for Languages in Smart Areas), mobile
language lessons attain a game playing character, since they are triggered by bluetooth
beacons and also include a treasure hunt or trail [39]. The third project reviewed is the
‘Mobile Pedagogy for English Language Teaching’, which explores learners and
teachers’ views on the use of phones and tables for language learning, on the basis of
which a Mobile Pedagogy framework has been developed that can guide efforts to
design mobile-based language learning practices.

The benefits of digital language learning for migrants of different age groups have
also been confirmed by other studies, in which digital tools have the potential to
promote familiarization in the vocabulary and pronunciation of the host country along
with cultural training [40], expressive L2 vocabulary acquisition in children from low-
income families [41], personalized L2 training of illiterate adult migrants, which can
also lead to increased learner motivation and self-esteem [42] as well as learner
autonomy through a dynamic, task-based approach [43].

Given the major contribution of technology in the field of migrant integration,
language migration policies and research have been focusing on the improvement of
the synergies between technological innovations and social integration schemes. In
what follows, there will be a presentation of an EU initiative, the easyRights research
project that intends to provide further solutions in this field.

1.3 The EasyRights Research Project

The Research Executive Agency (REA), which was established by the European
Union, has organized the 2018–2020 call on Migration, whose aim is the production of
innovative solutions, which include ICT, for the effective governance of issues that
relate to migrant integration in host communities. Part of this Call is the EasyRights
Horizon 2020 research project, which basically intends to satisfy the needs of migrants,
who encounter several difficulties in relation to administrative procedures and the
documentation of their arrival in host countries and also help towards the deeper
integration of already established migrants, by providing solutions based on advanced
artificial intelligence technology.

In an effort to make migrants aware of the required actions and their rights during
this transitional stage before their inclusion in host communities, the easyRights project
has designed a Natural Language Processing (NLP) intelligent system that presents
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administrative procedures as a series of steps that migrants need to take, thus creating
workflows of action for specific administrative requests that can be frequently updated
any time political or administrative changes might occur. This system is partly based on
personalized learning and automated technologies that combine machine learning and
gamified activities, which are employed for the creation of a vocabulary training mobile
app (Capeesh) as well as for a pronunciation training platform (CALST) that can
provide migrants with domain-specific knowledge that is required for the completion of
different procedures. These digital tools are designed for migrant needs in four Euro-
pean cities, namely Birmingham (UK), Malaga (Spain), Larissa (Greece) and Palermo
(Italy), for different purposes (see Table 1). What is interesting is that these digital tools
are adapted to different languages, given that the native languages in the four pilot
cities are not the same and the migrant populations under study come from various
cultural and language backgrounds.

In the sections that follow there will be a description of the methodology followed
in order to construct the task-specific language learning app (Capeesh) and the pro-
nunciation training tool (CALST) as well as an exemplification of how they work.

2 The EasyRights Digital Tools for Migrant Language
Training

2.1 Capeesh: A Digital Tool for Vocabulary Training

The growing availability of mobile technologies has contributed to an increase in
mobile-assisted language learning in which learners can autonomously study a second
language (L2) anytime or anywhere [44]. To help migrants learn the language required
to understand critical information provided in authentic situations, the Capeesh Lan-
guage Learning mobile application offers exercises that teach the domain-specific

Table 1. The four pilot cities and the different migrant needs the easyRights digital tools intend
to provide assistance for.

Pilot city Migrant needs related to integration

Birmingham
(UK)

- Checking vehicle compliance with the city’s Clear Air Zone
- Participating in public consultation
- Registering and completing an online assessment tool for access to
learning English

Larissa
(Greece)

- Applying for residence permit
- Applying for certification of nationality

Malaga (Spain) - Applying for asylum
- Searching for employment

Palermo (Italy) - Registering at the Registry Office
- Searching for employment
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language used in such authentic situations. The Capeesh Language Learning applica-
tion is a self-directed, gamified and asynchronous language learning application
designed to teach progressive language skills with an emphasis on teaching domain-
specific language and providing any language combinations (L1-L2) for the unique
learners. Capeesh language learning application combines communicative didactics,
cognitivism, and constructivism with game theory and spaced repetition training [45].
The content in the easyRights project consisting of domain-specific vocabulary, sen-
tences and dialogues is built up using natural language processing technologies to
analyze text material provided by the municipalities of Birmingham, Malaga, Palermo
and Larissa. Boulton and Cobb [46] had earlier conducted a meta-analysis that found
corpus-based or data-driven learning to result in better learning outcomes than tradi-
tional approaches. The corpora provided by the municipalities in the easyRights project
enable Capeesh to create numerous contextualized examples of how any given word,
phrase, sentence, or concept is described in the target languages (i.e. English, Spanish,
Italian and Greek), thus enabling the migrant learners to learn the language corpus that
is most critical or salient to them in the process of accessing and understanding their
rights (see Fig. 1).

The migrant learners in the easyRights project can be categorized as second lan-
guage learners (SLLs) because they are speaking their maternal language first, for
instance Arabic, while learning the language spoken in their host country. More
shaming occurs with second language learners than foreign language learners and the
SLLs are therefore often pushed to relinquish their primary language and learn the
dominant language in the host state [47, 48]. In the easyRights pilot cities Birmingham,
Malaga, Palermo and Larissa, the languages of English, Spanish, Italian and Greek are
respectively promoted as official languages. Government policies that globally promote
official languages over others create language hierarchies either overtly or covertly
[48]. If the language used in legal procedures and immigration processes is only made
available in English, Spanish, Italian or Greek, this can invalidate and devalue heritage
and minority languages in the mainstream society. In order to support the migrants in
bridging this language gap, Capeesh provides personalization in terms of the language
app experience and also in the onboarding experience for the migrant learner. Capeesh
does this by enabling the addition of multiple minority languages as display languages
for all four language courses (English, Spanish, Italian and Greek) and the language
learning app automatically sets the display language to be the same language as the
language setting on the learners’ smartphone. When adding minority languages or
indigenous languages to the app, one of the main challenges is making sure that there
exists a digital alphabet that is globally understood by the native speakers and that can
be imported and visualized in the Capeesh application.
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The Capeesh technology enabling efficient creation and publication of domain-
specific language courses with multiple (L2) display languages has been developed by
Capeesh AS and utilized by organizations in the private and public space since 2018.
Although the app is able to provide all language combinations and a highly cus-
tomizable language learning corpus, there are situations where a direct translation of
either vocabulary or expressions taught does not exist in the maternal language and
therefore requires either cultural or creative interpretation. Examples are compound
words such as “working environment”, where a direct translation in maternal languages
such as Tirginya does not exist, due to cultural differences. Legal processes in different
countries are highly likely to differ due to culture. That is why Capeesh has also added
manual steps in the translation process in order to provide translators with explanations
of certain vocabulary or expressions that are culture-specific so that the translator can
create an explanation or new translation of the expression or vocabulary taught.

Another challenge the Capeesh technology addresses is the analysis of legal doc-
uments. For example, analyzing legal documents in Greek language requires state-of-
the-art natural language processing algorithms to be developed to work for the Greek
alphabet. In 2020 no open natural language processing algorithms (NLP) for Greek
language existed. Capeesh has therefore since spring 2020 worked to build Greek NLP
in order to enable authentic language learning needed to help the Greek migrants access
and learn their rights.

While many of the above problems are addressed in Capeesh, little is known about
the migrant learners’ motivation for language study in terms of preferred context of
learning, desired learning outcomes, cultural preferences and needs to learn pragmatic
competences and domain-specific language. A final challenge in the language corpus
creation process is to ensure that there is no information asymmetry between the

Fig. 1. A schematic representation of the Capeesh AI pipeline3

3 The figure is adapted from the Capeesh website (https://www.capeesh.com/) after permission.

Digital Technologies Assisting Migrant Population Overcome Language Barriers 115

https://www.capeesh.com/


problem experienced by the content provider (municipalities, NGOs) and the problem
experienced by the learners (the migrants). There is therefore a need for continuous and
collective work between the corpus creators and learners to overcome such information
asymmetry by conducting hackathons, surveys and extensive user testing in the cre-
ation process.

2.2 CALST: A Digital Tool for Pronunciation Training

The vocabulary training tool presented in the previous section complements basic
language training. It teaches vocabulary for specific topics which are related to complex
procedures which migrants need to deal with in order to achieve inclusion in the new
country of residence, e.g. the application for a residence permit in Larissa, as presented
in Sect. 1.3. To apply for a residence permit, migrants may need to interact with public
authorities using spoken communication, for example an interview. It is therefore
important to put migrants in a position where they not only know the vocabulary of the
new language, but they also know how to pronounce the words.

Speaking a new language is a difficult task. Complex patterns of articulatory control
in the native language that have been learned over a lifetime must be adapted to those
of the new language. Like any other skill, a lot of training is required to improve one’s
pronunciation. As long as this process is ongoing, speakers will have a foreign accent,
which is not necessarily a problem. The goal for second language learning has therefore
shifted from native-like pronunciation to intelligibility and comprehensibility [49].

Incorrect pronunciation can reduce intelligibility and lead to misunderstandings
[50]. Many misunderstandings can be resolved because the listener can use the context
in which a word is used to come to a correct understanding of the migrant’s intended
message. Nevertheless, research has shown that listeners often are prejudiced when a
speaker has a strong accent. For example, speakers may be considered less trustworthy
[51]. This is true even if the listener is aware of the prejudice. It is therefore in
migrants’ own interest to reduce their foreign accent. This underlines the importance of
pronunciation as a skill that enables migrants to communicate successfully to achieve
their goal of inclusion in the host society.

To support migrants to achieve this goal, the Computer-Assisted Listening and
Speaking Tutor (CALST) [52] offers exercises for all words in the domain-specific
vocabulary that contain challenging sounds. The exercises consist of pronunciation
exercises, in which the migrant compares his/her pronunciation of a word with that of a
tutor, and spelling exercises which include feedback to the migrant. Languages differ
greatly in the correspondence between spelling (letters) and pronunciation (sounds):
while their relation is relatively straightforward in Spanish or Italian, it is very complex
in Greek or English. The pronunciation and spelling exercises “prep” migrants for their
interactions with native speakers, for instance, a conversation with administrative
personnel about the application of a residence permit.

Whether sounds are challenging or not depends on the differences between the
sound inventory of the migrant’s native language (L1) and that of the target language
spoken in the host country (L2). This is demonstrated in Fig. 2, which shows a
comparison of the consonant inventories of Kurdish (left figure) and standard Arabic
(right figure) with Greek. The sounds on a dark grey background in the figure are likely
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to present problems for migrants with these native languages when they learn Greek.
Despite substantial overlap, we can also recognize differences: for instance, since
standard Arabic does not have /p, v, x/ or /ɣ/, which Kurdish does have. These sounds
can present problems for Arabic speakers learning Greek, while Kurdish speakers
probably will not have any problems with these sounds (but with several others). It
should be noted that not all expected mispronunciations of these sounds are equally
detrimental to comprehensibility.

The above figure was generated using L1-L2 map [53], which is based on language
information collected by Maddieson [54] and extended with more languages. It now
contains the sound inventories of over 500 languages. As part of the easyRights project,
the sound inventories of native languages spoken by larger migrant groups will be
added to the database so that pronunciation exercises can be tailored to their needs.

But besides “prepping” exercises for domain-specific vocabulary, CALST also
offers more comprehensive exercises for any pronunciation problem language learners
may encounter. Often, migrants find it difficult to pronounce some sounds of the target
language (Greek in the example) because they cannot hear the difference between that
sound and another, more familiar sound. Particularly sounds that are similar to a sound
in the migrant’s native language are difficult to learn because they are easily confused
perceptually [55]. That is why CALST also offers two types of listening exercises in
which phonetically similar sounds are contrasted, in addition to pronunciation and
spelling exercises. These comprehensive exercises do not use the domain-specific
vocabulary, but instead learning material is used that is based on linguistic criteria. The
listening exercises focus on so-called minimal pairs, i.e., word pairs which contrast a
word containing a specific challenging sound with a similar word in which that sound
is replaced by one which is familiar for the language learner, like in the English word
pair “shell – sell” which differs in the first sound.

Problems in learning to pronounce a new language are not restricted to individual
sounds (consonants, as in the figures above, or vowels). Learners also find it difficult to
pronounce sounds which occur in unfamiliar positions, even if they have the sound in

Fig. 2. Comparison of (parts of the) sound inventories of Kurdish and Arabic with Greek
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their own language. A simple example is that of final devoicing, as in Syrian Arabic,
where for example voiced syllable-final /d/ is replaced by its voiceless counterpart /t/
(but cf. [56]). To deal with such challenges, CALST offers exercises for consonants in
both word-initial and word-final positions.

Depending on the allowed syllable structures in the migrant’s native language,
consonant clusters may be difficult to pronounce. A Farsi speaker may have difficulty
with pronouncing a Greek word starting with ‘sp’, and solve this by adding an
epenthetic vowel before the cluster; the effect of this is that the vowel together with the
s makes up a separate syllable, the results of which is a structure that is allowed in their
native language. Speakers with other native languages may choose other so-called
“repair strategies” to create admissible structures, for example cluster reduction
(deleting a sound in the cluster), substitution (replacing a sound by another to create an
admissible cluster) or for instance insertion of a vowel between the two consonants. For
some of the target languages in CALST, consonant cluster exercises have been
implemented which can help to un-learn syllable structure restriction which do not
apply in the target language.

Some languages do not have word stress or they always have stress on a fixed
syllable in the word (the first or last, or the one-but-first or one-but-last). Speakers of
these languages are often stress-deaf [57] and will have difficulty learning to realize
stress correctly, as for example, in Greek where stress is lexical and not predictable from
the syllable structure of the word. The correct realization of stress is important for the
perception of rhythm and is a major hindrance for comprehensibility if realized wrongly.

Finally, intonation or sentence melody is important to get across the intention of the
speaker. It is also a language property that lingers longest when learning a new lan-
guage, and it is difficult to teach in online systems.

Many of the above problems are addressed in CALST, although not equally for all
languages. Because little of the knowledge we have about the influence of a migrant’s
native language on the acquisition of a new language can be implemented in a hands-
on pronunciation training system like CAST, all exercise results in CALST are logged
together with the learner’s native (L1) and target language (L2). In this way, the system
can learn from previous users and adapt the selection of exercises to the combination of
L1 and L2 to tailor pronunciation training more and more to the learner and reduce
unnecessary exercises for mi-grants learning a new language.

Moving to a new country is in itself a very taxing experience. Language learning
should be as effective and enabling as possible, helping migrants to achieve their goal
of social inclusion.

3 Digital Language Learning for Migrants: Implications

One of the main challenges migrants experience in the easyRights project is the lack of
both foreign language skills and the pragmatic competences needed to perform nec-
essary administrative procedures and communicate effectively. This seems to be a
major problem, since the migrants' awareness and learning of domain-specific
knowledge required by the host country actually affects their ability to access and
understand their rights in a target country. In fact, the importance of sociolinguistic
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knowledge is also addressed in [58], by showing that on the lower levels of language
competence, sociolinguistic and pragmatic competences were considered important in
compensating for lacking linguistic competence. Moreover, Kärkkäinen’s [59] study of
learning, teaching and integration showed that both trainers and migrants associate
difficulties in learning, teaching and integration with the existence of cultural differ-
ences and poor language skills. While language learning is viewed as a lifelong pro-
cess, new technologies can help provide opportunities that substantially support
effective language learning by enabling the creation of learning activities, tasks and
experiences that are truly authentic to the migrant learner, take place in authentic
contexts, involve authentic language in order to optimize language learning [60] and
also assist towards social awareness. With context playing a critical role in the foreign
language (FL) learning, context-aware technology is a promising tool for support of FL
learning [61]. The digital tools presented in the previous section can help migrants
improve their knowledge of domain-specific vocabulary and exercise their pronunci-
ation skills, through tasks that are personalized and adapted to specific migrant needs,
by taking into consideration language and procedural factors that relate to the context
of communication. As a result, when the migrants use these tools, they will be trained
to properly communicate in the language of the host community and exercise their
rights.

However, the compelling and challenging task of accessing and understanding
critical information in a new and foreign country, particularly while lacking formal
language knowledge and pragmatic skills, does not only concern the migrant popula-
tion. Castañeda [62] suggests that such learning has ceased to be considered a personal
challenge and, instead, has become a socio-economic imposition of a hypercompetitive
society. An important presumption when investigating digital technologies’ ability to
assist migrant populations overcome domain-specific language barriers is therefore that
the migrants are aware of the problem and that they experience a need for better
information. According to Kessler [63], the new worldwide participatory culture pre-
sents FL teaching with limitless opportunities to create for learners meaningful,
authentic language practice experiences that situate learning in truly compelling con-
texts. This implies a need to provide migrants with opportunities for foreign language
training that situates the learning process in the context of accessing and understanding
their rights in authentic situations like job seeking, asylum processes and processes of
applying for social benefits.

In contexts where technological solutions are targeted towards complex social and
civic challenges, an important factor that should be taken into consideration is the issue
of testing and validating the technological prototypes that are designed for these pur-
poses. This can actually happen if the end users of the technological solutions are
actively involved in the design and implementation process, providing substantial
feedback in relation to their needs and the extent to which they are satisfied by the
digital tools that are offered. In fact, this kind of interaction among the experts in the
field of technology and various stakeholders that may range from public administrators,
business people to the actual end users of the technological products, is found at the
heart of the concept of “participatory design”, which is people-centered and close to a
humanitarian approach regarding the use of technology [64, 65]. This kind of col-
laboration among various stakeholders that all have a common goal in relation to the
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use of technology can take place in hackathon events, which initially had a purely
technological orientation, but have gradually acquired a social dimension, aiming to
bring together experts from different disciplines as well as citizens in order to exchange
opinions and find effective solutions to common problems [66–68]. In fact, the tech-
nological tools that have been designed within the frame of the easyRights project are
currently being tested in organized hackathon events that take place in the four pilot
cities, where technology experts collaborate with local administration stakeholders,
academics and migrants, in order to examine the extent to which the vocabulary and
pronunciation tools work effectively towards the integration of migrant populations
with different needs. Based on the feedback received during the hackathons,
improvements or alterations to the existing digital tools might occur, with the purpose
of properly adapting them to the needs of the end users in each pilot city.

4 Conclusion

The technological solutions that are described in this paper aim not only at equipping
migrants with the language knowledge and skills they need for important everyday
transactions, but also with specific guidance regarding the administrative procedures
they are required to perform in the process of their actual integration in the host
communities. This is an effort that is embedded within the wider goal of creating
societies based on active citizenship and equal opportunities by the means of digital
tools that facilitate public procedures and serve humanitarian purposes. As suggested in
[31], the migrants’ involvement in learning designs that involve technological inno-
vations can inspire new perspectives in relation to other mobile populations as well,
such as students and business people. Within the same frame of thought, the global-
ization of migration and its related social challenges should be faced as an opportunity
for technology to demonstrate its full potential, by exploiting the human and digital-
ization interface for the benefit of the former. In the world of ‘human-technology
symbiosis’ [1], technology is expected to adapt itself to the needs of multicultural
societies, by mitigating social differences and providing opportunities for active
democratic citizenship.
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Abstract. This paper provides a narrative review of learning theories and
teaching methodologies that can be used to design training activities for an
online or blended training workshop addressed to language teachers. The review
was performed in a traditional, narrative manner and revolved around the
exploration of recent, influential learning theories, such as Connectivism, Social
Constructionism, and Ecological Theory. It also involved an exploration of
contemporary teaching methodologies, such as game-based learning, problem-
based learning, and virtual exchange, which were deemed important for lan-
guage teachers in order to get an up-to-date overview of theoretical perspectives
and improve their teaching. This review is part of the Digital Competence for
Language Teachers (DC4LT) Erasmus+ KA2 project and its ultimate objective
was to delineate an array of learning theories and teaching methodologies in
order to enable trainers to select the ones that are most suitable for training
workshops in digital competence for language teachers. The specific review
concludes with implications for the design of a training workshop with repli-
cability and transferability potential for future trainers.

Keywords: Digital competence � Language instruction � Learning theories �
Teaching methodologies

1 Introduction

1.1 Background

Digital competence has been recognised as a fundamental skill in education for the 21st
century and a number of frameworks have been developed so as to align this priority
with the empowerment of educators. However, in spite of the various efforts towards
the transformation of education in light of the new, highly digitised era we are living in,
many of these endeavours seem to be focused on teachers of various disciplines in
general, with only a few exceptions that are directed to specific teaching specialties.
One discipline of education in which digital competence is of utmost importance is
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language instruction whereby the focus is to enable learners to effectively communicate
in the target language. Since communication and interaction mostly occur in digital
environments in the current situation of remote teaching and distance learning, the need
to train language educators towards the enhancement of their digital competence seems
to be pressing. Language educators today are in need of specific training so as to be
able to update their Information and Communications Technology (ICT) knowledge
and skills and adequately support their learners to communicate in the foreign lan-
guage. However, providing such training in a methodical way, one needs to consider
current learning theories and teaching methodologies so as to effectively connect
pedagogy and technology in language teaching and learning. With this in mind, this
paper reviews current learning theories and teaching methodologies that can be used to
design training activities for an online or blended training workshop addressed to
language teachers. The ultimate objective of the review was to outline selected learning
theories and contemporary teaching approaches that can guide the design of a set of
replicable training activities addressed to language educators towards the enhancement
of their digital competence and the integration of technology in their teaching in a
pedagogically sound manner.

1.2 Digital Competence in Education

During the last two decades there has been a continuous debate on defining what digital
competence, digital skills or digital literacy are, along with a strong effort on devel-
oping a framework that could encompass all key elements needed in order to assess
teachers’ digital competence successfully. To that end, extensive research [1–17] has
been carried out in this area which proposed various digital literacy frameworks and
assessment tools that could facilitate the assessment of teachers’ digital competence. In
most cases, the proposed frameworks have many differences (i.e., structure, proficiency
levels, overall perspective) but also similarities (i.e., common components, focus on
skills development). A well known framework that nowadays is widely used by
European educators is the Digital Competence Framework for Educators (DigCom-
pEdu) which classifies the main components of the digital competence - twenty-two
(22) various competences - in six (6) basic areas: i) Professional Engagement; ii)
Digital Resources; iii) Teaching and Learning; iv) Assessment; v) Empowering
Learners, and vi) Facilitating Learners’ Digital Competence [18]. The DigCompEdu
research study is built on previous work [19–22] which aimed at defining the European
citizens’ Digital Competence (DigComp1.0; DigComp2.0; DigComp2.1) in general,
and the Digitally Competent Education Organizations (DigCompOrg). Other frame-
works which are also used by many educators worldwide are: the Framework for ICT
literacy proposed by the American Educational Testing Service [23]; the SAMR
Framework [2], the Technological Pedagogical Content Knowledge TPACK Frame-
work [3], the UNESCO ICT Competency Standards for Teachers [24], the JISC’s
Digital Literacies Framework [10], the Common Digital Competence Framework for
Teachers [25], the Professional Digital Competence Framework for Teachers in
Norway [13], the UNESCO ICT Competency Framework For Teachers [4, 5], and the
Teacher Digital Competency (TDC) Framework [17]. Besides the frameworks that
target teachers’ digital competence, there are also tools that focus mostly on the
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assessment of students’ ICT skills, such as the PISA 2021 ICT Conceptual Framework
[15], which aims at documenting the students’ use of ICT and understand the diverse
ways in which ICT is introduced in schools, or the British Columbia’s Digital Literacy
Framework [11], which defines the digital competencies of children age 5–18.

1.3 Digital Competence in Language Instruction

With regard to digital literacy frameworks and assessment tools designed specifically
for language teachers, there is limited research. The Framework for Online Language
Teaching Skills [26] is a well known framework that proposes three (3) assessment
dimensions (technology, pedagogy and evaluation) and three (3) different competence
levels aiming at orientating language teachers online training programmes. This
framework is built on Hampel and Stickler’s [27] ‘skills pyramid’ framework, which
intended to identify the key competences of an online language tutor proposing a
pyramid of skills with seven key competences ranging from lower level general skills
(e.g. basic ICT competence) to higher level skills (i.e. facilitation of communicative
competence). Most of the proposed digital literacy frameworks and tools have a
common perspective and were designed for English Language Teachers. Such
frameworks include the BALEAP Competency Framework for Teachers of English for
Academic Purposes [28], the TESOL Technology Standards Framework [29], the
Framework for Quality Professional Development for Practitioners Working with
Adult English Language Learners by the Center for Adult English Language Acqui-
sition (CAELA) Network [30], the CPD Framework for Teachers of English by the
British Council [31], and the Cambridge English Teaching Framework [32]. On the
contrary, both the 2digi Digital Literacy Assessment Tool created by the 2digi project
[33] and the EAQUALS Framework (Evaluation and Accreditation of Quality in
Language Services) [34] addressed the training needs of teachers of different lan-
guages. More specifically, the 2digi project offers a self-assessment tool that applies for
all language teachers who wish to assess and document their digital literacy, while the
EQUALS Framework describes a variety of skills and competences that language
teachers need to acquire during their professional development including digital skills.

Despite the current interest in developing frameworks and tools directed towards
the empowerment of language educators in upgrading their ICT skills, the current
situation of remote teaching and distance learning calls for a pressing need for training
language teachers towards the enhancement of their digital literacy. The design and
implementation of relevant training workshops has lately proliferated across the world.
However, such activities can be especially useful if they are informed by theoretical
perspectives so as to effectively connect pedagogy and technology integration in
learning. The present paper adds to this discussion by reviewing relevant learning
theories, i.e. Connectivism, Social Constructionism, and Ecological Theory while
providing an overview of current teaching methodologies, i.e. game-based learning,
problem-based learning, and virtual exchange or telecollaboration.
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2 Method

2.1 Review Strategy

This study aims at providing a synthesis of literature on learning theories and teaching
methodologies in the specific field of language learning. Following a non-systematic/
narrative methodology, we identified and summarised what has been published on the
specific topic with an eye to providing a summary of recent, published research. Nar-
rative literature reviews are useful tools especially for identifying concepts and ideas that
change rapidly and have a multidisciplinary nature [35, 36]. As noted by Ferrari [37],
non-systematic/narrative methodologies do not have acknowledged guidelines, and the
selection process followed is not concrete. For the completion of this review, the
IMRAD (Introduction, Methods, Results, Discussion) format was followed as suggested
by Ferrari [37]. The framework of this narrative review is depicted in Table 1.

2.2 Search Strategy

Initially, we aimed at establishing a general understanding of the topic through a
preliminary search in Google Scholar. This preliminary search allowed us to capture
the scope of the existing literature and refine the topic and selection criteria for the
studies to be included. Our review was guided by the following criteria:

1. The work describes a learning theory/methodology that is aligned with the use of
technologies in the specific field of language learning.

2. The work is published in English.
3. The work is published after 2004, as we aimed at collecting theories and

methodologies that align with the use of recent technologies.

The studies that did not meet the aforementioned criteria were excluded. After
completing our search to locate relevant resources, we compiled our list of selected
research studies that comprised the corpus of this manuscript. In the following section,
the results are presented in the format of a short summary of key notions and

Table 1. General framework of this narrative review (adapted from Ferrari 2015).

Introduction Method/Literature
search

Central
body/Discussion

Conclusion

Description of
rationale

Search strategy Discussion/summary
of basic concept 1

Highlight main
points

Definition of
objectives and
scope

Description of
selected studies

Discussion/summary
of basic concept 2

Link with research
scope

Necessity of
this review

Compilation of list of
selected research
studies

Discussion/summary
of basic concept 2

Demonstrate the
meaning of research
design
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aspirations of each learning theory and teaching methodology and are demonstrated in
a descriptive/qualitative rather than a quantitative level.

3 Discussion

3.1 Exploration of Influential Learning Theories

Nowadays, the view about the way people acquire knowledge has changed, as theories
of learning and research progress through the years. Contemporary theories of learning
extend their roots into the past, and many questions that research aims to answer today
are not new, since they were first the subject of philosophy and later on of psychology
[38]. In recent years the developments brought by the advancement of technology have
had a great influence on all aspects of our everyday life, including education, and have
unavoidably affected the way knowledge is acquired. This has had an impact on
training methodologies that can be used for language learning and also training
methodologies that can be utilised for language teacher training, amongst other things.

Looking back at psychology in the first half of the 20th century, behaviouristic
theories of learning prevailed. These theories viewed learning “as a change in the rate,
frequency of occurrence, or form of behavior or response, which occurs primarily as a
function of environmental factors” [38, p. 21]. Behaviourism regarded learning as
model and stimuli based, and pattern drilling, repetition and immediate correction of
error were the major characteristics of learning processes. Behaviourism was criticised
mainly because the concept of learning it supported violated “the human right to self-
determination and self-expression” [39, p. 14]. Later on, cognitive theories of learning
emerged as a response to behaviourism. Cognitivism viewed learning “as an internal
mental phenomenon inferred from what people say and do. A central theme is the
mental processing of information: its construction, acquisition, organization, coding,
rehearsal, storage in memory, and retrieval or non retrieval from memory” [38, p. 22].
Cognitivism recognised that with instruction alone learning cannot be achieved; nev-
ertheless, it was criticised for “considering the essence of human action to reside in its
alleged source in mental processes at the expense of the social surroundings of the
action” [40, p. 3]. In more recent years, research concentrated more on the learner and
how knowledge is constructed rather than acquired; this is referred to as constructivism,
influenced mainly by the theories of Piaget and Vygotsky. Constructivism “does not
propound that learning principles exist and are to be discovered and tested, but rather
that learners create their own learning” [38, p. 230]. Constructivist theories of learning
brought major changes in the learning and teaching processes with learners becoming
actively involved in the learning procedure.

All these advancements in research on learning had a major influence on the teacher
training methodologies used in teacher education. At the beginning of the 20th century,
the “craft model” of professional development evolved, according to which the expert
figure, the master trained the potential teachers by showing them what to do, which they
later had to imitate [41, 42]. This model of teacher training was influenced by the
behaviouristic theories of learning, and was later rejected, since it was based on pure
imitation. The craft model was replaced by the “applied science model” for professional
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development, which is considered to be the traditional model for teacher development.
According to this model, teachers are trained drawing from the findings of empirical
science; in other words, they are requested to apply the scientific knowledge obtained
from research in their practice [41]. The major criticism of the applied science model
was the difficulty of bridging the gap between science and practice, which, according to
Burns and Richards [43], still constitutes a problem. A more modern model for teacher
training was the “reflective model” for professional development, initiated firstly by
Schön [44]. This model placed great emphasis on the value of reflection. According to
Wallace [41], the knowledge that the trainee receives interacts with previous experi-
ential knowledge, and through practice and reflection professional competence is
achieved. With the prevalence of learning theories such as constructivism and social
constructivism, sociocultural perspectives on teacher training developed. According to
these perspectives of professional development, “professional knowledge (coded
through theories and procedures), personal knowledge (tacit and explicit), and com-
munity knowledge (embedded in the day-to day practices of the community as “ways of
doing”) converge to help community members develop” [42, p. 12]. Recent perspec-
tives of learning and the impact of technology have brought about new theories which
will be discussed in the next part.

Connectivism
Apart from social constructivist approaches, another contemporary influential learning
theory today is connectivism, introduced by George Siemens [45]. Connectivism
stresses the influence of technology and networking in the discovery of knowledge.
According to Siemens [45, p. 5], “[l]earning can reside outside of ourselves”. As Kop
and Hill [46] suggested, for Siemens “knowledge is actuated through the process of a
learner connecting to and feeding information into a learning community”. Such view of
learning has contributed to the evolvement of online communities of practice (CoPs),
which, according to Wenger and Trayner-Wenger [47, p. 1], “are groups of people who
share a concern or a passion for something they do and learn how to do it better as they
interact regularly”. Even though research involving connectivist approaches to language
learning is limited, there are researchers and language instructors who embrace this
learning theory viewing their classes as learning communities. Senior [48] discusses
effective language learning and teaching in both face-to-face and online learning
environments elaborating on connectivism and the notion of connectivity in a broader
sense. In addition, Al-Shehri [49] examines students’ collaborative language learning
experiences through the use of mobile phones and social networking in the formulation
of networked learning environments. Similarly, Kakoulli Constantinou [50, 51]
describes the integration of cloud technologies, and more specifically the G Suite for
Education, in English for Specific Academic Purposes courses following social con-
structivist and connectivist approaches.

Social Constructionism
The learning theory of Constructionism [52–54] was defined as: “Including, but going
beyond, what Piaget would call ‘constructivism.’ The word with the v expresses the
theory that knowledge is built by the learner, not supplied by the teacher. The word with
the n expresses the further idea that this happens especially felicitously when the learner
is engaged in the construction of something external or at least shareable… a sand castle,
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a machine, a computer program, a book.” [54, p. 1]. Based on Papert’s framework,
Resnick [55] proposes ‘distributed constructionism’, as the design and construction of
meaningful artefacts by more than one person. The use of computer networks to
facilitate interactions between people and knowledge construction plays a pivotal role in
distributed constructionism. Rüschoff and Ritter [56, p. 219] point out that “construction
of knowledge and information processing are regarded as key activities in language
learning”. Furthermore, since the integration of new media into language learning is a
necessary step to ensure the acquisition of the kind of language skills and competencies
needed for living and working in the knowledge society, Rüschoff [57] suggests the
implementation of Constructionism as the appropriate paradigm for language learning.
Recent studies [58, 59] have adopted this paradigm for language learning practices
tasking small groups of learners to construct shareable artifacts. In particular, these
studies propose the use of social technologies for collaborative construction of shareable
artefacts. According to Parmaxi and Zaphiris [58, p. 34], social technologies include
“social network sites such as Facebook, Twitter, Linkedin and Google+; social software,
such as blogs and wikis; and digital artifacts sharing platforms, such as Dropbox,
Evernote and Google Drive”.

Ecological Theory
Another way of exploring language learning is Ecological Theory. Drawing from
biological theories, language ecology places importance to the dynamic relations
between elements in an environment [60]. Ecological Theory recognises that learning
does not occur in isolation from its environment but is rather emergent in the envi-
ronment and interconnected to the environment’s components [61]. “An ecological
approach aims to look at the learning process, the actions and activities of teachers and
learners, the multilayered nature of interaction and language use, in all their complexity
and as a network of interdependencies among all the elements in the setting, not only at
the social level, but also at the physical and symbolic level” [62, p. 3]. In language
learning, an ecological approach can be adopted through “symbolic mediation, col-
laborative learning, participation, and the achievement of common activities around
real-world tasks” [60, p. 4]. This can be particularly important in computer-mediated
environments whereby the learning context becomes a lot more dynamic encompassing
components such as users, spaces, tools and digital artefacts. This is illustrated in recent
studies, such as a study by Palalas [63] which adopted an ecological perspective in
mobile-assisted language learning placing emphasis on the role of the learning context
and the interaction with that context. In addition, among the major characteristics of
Ecological Theory are critical activism and democratic participation [64]. These echo
the concept of critical digital literacy manifested in the use of technology as social
praxis [65]. Pangrazio [66] explains that critical digital literacy is based upon a view
which links digital activity to the concepts of freedom, democracy and civic engage-
ment. In this sense, the acquisition of digital competences is used to effect positive
change both at the individual and the collective, social level.
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3.2 Exploration of Contemporary Teaching Methodologies

In the context of this review, a number of contemporary teaching methodologies and
approaches have been explored with a view to evaluating their potential in developing
language teachers’ digital competences. The overall aim was to select the most suitable
teaching methodologies for assisting language educators in aligning their pedagogical
aims with technological integration in their instruction. Through the development of
their own digital skills, language educators can be empowered to enhance their
learners’ active learning, collaboration, autonomy, communication skills, as well as
intercultural competence and global citizenship. The teaching methodologies and
approaches explored in this study included web-quests [67] immersive technologies for
language learning [68], virtual reality games in language learning [69], game-based
learning [70], problem-based learning [71], and virtual exchange or telecollaboration
[72]. Among these approaches, the last three will be described below, highlighting their
potential in developing language educators’ digital competences while supporting their
students’ learning in a highly digitised world.

Game-Based Learning
Game-based learning increasingly receives attention in language learning mainly
because of its potential to support the use of the target language creatively and pur-
posively [70]. Several definitions of game-based learning emphasise the use of games
and/or play for supporting teaching and learning and achieving certain learning out-
comes [73–75]. Although game-based learning often makes use of digital games, this is
not always a rule, whilst scholars often debate on a concrete definition of game. Salen
and Zimmerman [76, p. 80] define a game as “a system in which players engage in an
artificial conflict, defined by rules, that results in a quantifiable outcome”. Games are an
exciting and appealing tool for learners of all ages, and gain attention as a means that
can foster collaboration and provide opportunities for scaffolded language learning [see
77]. Currently, a variety of technologies have been employed for supporting game-
based learning. For example, Yukselturk, Altıok, and Başer [70] examined the effects
of game-based learning with Kinect technology demonstrating its positive effects on
learning quality and motivation. On the same line, Palomo-Duarte et al. [78] delineate
how mobile technologies have been employed for supporting game-based learning,
demonstrating its potential to support active learning.

Problem-Based Learning
Problem-based learning (PBL) is a type of student-centred educational approach where
students learn a topic via their experience in solving open-ended problems. In PBL,
elements of active, interactive, and collaborative learning are incorporated to allow
teachers to observe their students’ learning process [79]. PBL is a student-driven process
that uses a bottom up approach to bring the students from a problem to the theory [71].
Sevilla-Pavón [80] proposes the following steps for the process: (1) a problem is
introduced to the students, (2) students find and analyse information from different
sources, (3) students come to the problem and try to solve it by applying the autono-
mously acquired knowledge. In order to solve a problem, students work collaboratively
using multiple tools. In online and blended learning environments, Web 2.0 tools can be
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employed to enhance teamwork, independent learning, communication skills, problem-
solving skills, interdisciplinary learning, and information-mining skills [81].

Virtual Exchange
“Telecollaboration, or virtual exchange, are terms used to refer to the engagement of
groups of learners in online intercultural interactions and collaboration projects with
partners from other cultural contexts or geographical locations as an integrated part of
their educational programmes” [72, p. 1]. Guth and Helm [82] have defined telecol-
laboration in language learning contexts as an Internet-based exchange aimed at
developing both language skills and intercultural communicative competence.
Research studies have documented the continuing development of virtual exchange
along with the benefits of this pedagogical paradigm which include the enhancement of
language skills and intercultural communicative competence [82], critical media lit-
eracy [83], as well as social, digital, and entrepreneurial skills [84]. Recently, virtual
exchange has been directed towards the development of critical digital literacies that
guide participants beyond the functional uses of technology [85] by involving them in
action-oriented, global citizenship activities. For example, a study by Nicolaou and
Sevilla-Pavón [86] which adopted an ecological perspective in the design and imple-
mentation of a virtual exchange project, connected the classroom with mentors from the
local community in an effort to enhance learners’ intercultural collaboration and global
citizenship while promoting equality, social justice and awareness of critical social
issues [87].

4 Conclusion

4.1 Summary

This study followed a narrative review of learning theories and teaching methodologies
that can be used for designing training activities in online or blended format for
language teachers. The review revolved around the exploration of recent learning
theories and contemporary teaching approaches, which align well with the computa-
tional culture and are important for language teachers in order to gain an up-to-date
overview of theoretical and methodological perspectives. The design of the training
workshop for language teachers builds on the theoretical aspirations of Connectivism,
Social Constructionism and Ecological Theory as well as on the practical recom-
mendations of game-based learning, problem-based learning, and virtual exchange in
order to provide new working methods and tools to practising or prospective language
practitioners. With regard to theoretical aspirations, Connectivism can feed into the
design of digital learning activities enhancing networking and the development of
communities of practice. Social Constructionism directs towards the co-construction of
shareable digital artefacts, while Ecological Theory presents opportunities for a mul-
tilayered nature of interaction and language use as well as for the critical use of
technology. As for methodological recommendations, game-based learning and
problem-based learning can direct towards the use of online playful activities and the
exploration of solutions around open-ended problems, respectively. Finally, virtual
exchange can provide a useful terrain for online intercultural collaborative projects.
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Figure 1 provides an overview of the theoretical aspirations and methodological rec-
ommendations as well overall design recommendations for training activities addressed
to language educators:

The recommendations provided in this review might raise questions regarding the
working practices of practising teachers and how the existing practices can be informed
by the most current theoretical and methodological approaches. As technology is
rapidly changing and the technologies that are prominent in today’s language class-
room might be considered outdated in a few years, we suggest training workshops to
place emphasis on transferrable skills and practices that can be applied to achieve a
specific learning outcome, rather than on the innovation of a specific technology.
Technology on its own can both enhance and degrade a learner’s skills, as well as
support or hinder a language teacher in regard to his/her teaching. This review shows
that the successful design of a training workshop depends on grounding the use of
technologies on specific theoretical and methodological aspirations. The teaching and
learning culture is expected to evolve only if teaching practices are updated bottom-up
rather than top-down due to technological advancements.

4.2 Limitations

This study does not aim to provide a holistic view of learning theories and teaching
methodologies for the design of training for language teachers. This study followed a
narrative review, and the subjective inclusion criteria is a common limitation of

Fig. 1. Overview of the learning theories and teaching methodologies that inform the design of
the training workshop.
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narrative studies according to Ferrari (2015). We aimed at mitigating this limitation by
having concrete research questions and inclusion and exclusion criteria.
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Abstract. The design of an online open and highly interactive language learning
environment is quite challenging as it entails a variety of specific factors to be
carefully considered. One of the main challenges of the OPENLang Network
project is to create an open and collaborative language learning environment for
networking between language learners and teachers across Europe. The
OPENLang Network platform envisages to bring together Erasmus+ mobility
participants that wish to improve their language skills and cultural knowledge as
well as volunteer educators who would like to offer support to all learners and
share open language learning resources. This initiative is funded by the Erasmus+
programme and aims at raising language awareness of mobility participants, as
well as fostering the Open Education European multicultural and multilingual
vision via Open Educational Resources (OERs) and Massive Open Online
Courses (MOOCs). The development of the OPENLang Network language
learning environment is based on the design of the OPENLang Network’s
Pedagogical Framework. This paper first analyses the pedagogical theories,
frameworks, and models applied in the Online Language Learning and Teaching
context. Then, it presents the major research findings of the initial
OPENLangNetwork’s needs analysis survey which aimed to map and analyse the
language needs of the participants involved in long-term mobility activities
supported under Erasmus+ Key Action 1. Finally, it presents and analyses the
OPENLang Network pedagogical framework which drives the design and
development of the OPENLang Network language learning environment.

Keywords: Online language learning � Pedagogical framework � OPENLang
network

1 Introduction

Designing an open and highly interactive language learning environment is a big
challenge. Interaction-based learning is a cornerstone of many socially oriented
approaches to L2 learning [1]. As it is known, increasing contact with the target
language appears to be one of the most critical factors for successful Language
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Learning. Language is about communication and there is nothing more motivating than
being able to use one’s newly acquired language skills in an authentic environment [2,
3]. In fact, learner’s participation and interaction are at the center and of crucial
importance for successful language learning, whether it involves face-to-face, blended
or fully online teaching. This is because “language learning is a skill-based process
rather than a content-based one. Skills’ development, such as the acquisition of
speaking and listening skills, require constant synchronous interaction in the target
language” [4]. In fact, fostering real-time synchronous interaction is an important
principle in distance language teaching as synchronous oral and visual interaction is a
crucial component in online language learning. Furthermore, a successful online lan-
guage learning environment should support learners’ autonomy and should give them
sufficient time for practice and the possibility to get feedback and guidance when they
need them [5].

Taking into consideration all the aforementioned factors a research has been ini-
tiated which aims at creating an open and collaborative language learning environment
for bringing together language teachers and learners from different parts of Europe who
wish to learn and practice the European language of their preference as well as to
explore its rich and unique culture. This research initiative is conducted in the context
of the OPENLang Network project (https://www.openlangnet.eu/) which is funded by
the Erasmus+ programme under the Key Action 2 (KA2). Its main research goals
include raising language awareness of mobility European languages, as well as fos-
tering the Open Education European multicultural and multilingual vision via Open
Educational Resources (OERs) and Massive Open Online Courses (MOOCs). More
concretely, the OPENLang Network project aims at developing the OPENLang Net-
work platform which envisages to connect Erasmus+ mobility participants that wish to
improve their language skills and cultural knowledge, as well as volunteer educators
who would like to offer support to all learners and share open language learning
resources. As it was aforementioned, designing an online open and highly interactive
language learning environment is quite challenging as it entails a variety of specific
factors to be carefully considered. To that end, our research team explored first the
pedagogical theories, frameworks, and models applied in the Online Language
Learning and Teaching context. Based on the outcomes of the literature review as well
as on the research findings emerged by a needs analysis survey which was conducted in
the context of the project, it was proposed a pedagogical framework which drove the
design and development of the OPENLang Network language learning environment.
All these pedagogical design process phases will be analysed in the following sections.

2 Online Language Learning and Teaching Practice:
Theoretical Background

2.1 Computer Assisted Language Learning Theoretical Overview

During the last four decades there are a plethora of studies which attempt to address the
pedagogical aspects of online, bended and hybrid language teaching. The research area
which investigates in general the digital language learning and teaching is known as
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CALL and was defined by [6] as “the search for an study of applications of the
computer in language teaching and learning”. This area has undergone quite dramatic
changes in pedagogical paradigms in the wake of technological changes first with the
advent of the web, and later with the e-learning platforms and apps, and web 2.0
technologies.

But is there a CALL theory? Researchers have tried to define what is a CALL
theory. Hubbard [7] emphasised the importance of deep understanding of the impact of
technology on the learning environment and the learning process. He defined CALL
theory as “the set of perspectives, models, frameworks, and specific theories that offer
generalizations to account for phenomena related to the use of computers and the
pursuit of language learning objectives, to ground relevant research agendas, and to
inform effective CALL design and practice…. a CALL theory is a set of claims about
the meaningful elements and processes within some domain of CALL, their interre-
lationships, and the impact that they have on language learning development and
outcomes [7]. On the other hand, Egbert and Hanson Smith [8] claimed that there is no
need for a “CALL theory”: “… educators do not need a discrete theory of CALL to
understand the role of technology in the classroom; a clear theory of SLA and its
implications for the learning environment serves this goal”.

The fact is that since 1960 there is a huge body of research in the field of CALL
which shows that there are no prevailing CALL theories but only a group of theories
which include a mix of the known learning theories, Second Language Acquisition
theories, linguistic theories, and human-computer interaction theories. Many
researchers [1, 9–12] described how the different approaches such as behaviorist,
cognitivist, and sociocultural (constructivist) have influenced theories and research on
the second language acquisition.

In fact, Warschauer and Healey [13] classified the history of CALL in three main
phases: a) First phase: “Behaviorist and later structural CALL” (1960s to 70s); b)
Second phase “Communicative CALL” (1970s to 80s); and c) Third phase “Integrative
CALL” (2000 onwards).

More specifically, the first phase was characterised by its focus on the behaviorist
approach in language acquisition and has mostly promoted behaviorist language
learning approaches such as practice tasks and drills. As Warschauer [13] sustained
“Essential in behaviorist CALL is the understanding that repeated exposure to the same
material is beneficial or even essential to learning”.

In the second phase, prevailed mostly the communicative approach in CALL which
emphasized the important role of interaction and promoted the cognitivist approaches
both in second language acquisition and learning theories. Such approaches focus on
the importance of thinking processes in learning and language learning. In fact, lan-
guage learning is seen as a process which involves memory, thinking, reflection,
abstraction, and metacognition. In this case, research has shown that the way the
learning content and tasks are presented in the online environment can have a major
impact on how this material will be stored in the learner’s long-term memory [14, 15].

Finally, in the third phase, the “Integrative CALL” phase [13], prevailed mostly the
use of web, multimedia, Computer-mediated Communication (CMC) [12] and was
encouraged both the project and task based language learning, as well as the tandem
language learning. Tandem learning is a very powerful use of CMC especially in
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second language pedagogy as it gives the opportunity of instant communication to two
native speakers of different languages to communicate regularly with one another, each
one with the purpose of learning the other’s language. In this CALL phase, it is also
observed the arrival of MOOs (“Multi-user domain, Object-oriented”), an online social
community where you can interact with other users in a text-based virtual reality. It is
clear that a MOO provides a potentially highly useful and cost-effective way of
bringing students together for tandem learning [16]. This offers the benefits of
authentic, culturally grounded interaction, while also promoting a pedagogical focus
among participants.

In “Integrative CALL” phase, sociocultural approaches, which draw heavily on
Vygotsky and Bakhtin, are promoted in Second Learning Acquisition (SLA), which see
language learning as an “interpersonal process situated in a social and cultural context
and mediated by it” [17]. Vygotsky claimed that learning resulted from social inter-
action rather than through isolated individual effort, and that engagement with others
was a critical factor in the process [18]. Generally, when sociocultural theory is applied
in CALL, it means that new and different forms of social interaction can occur, both
online and in the classroom. The terms ‘situated learning’ and ‘communities of prac-
tice’ derive from this perspective and are often used to highlight the importance of
active learner participation in the community of the classroom or in online community
settings [19]. Warschauer [20] also argued about cooperative or collaborative learning
in online language classrooms where teachers could work with students on purposeful
activities and could learn in social groups and communities of practice.

In fact, Constructivist or Socio-Cultural Approaches in second language learning
theories see as essential the possibility for learners to construct their own knowledge
and the importance of social contexts as preconditions for learning a language. As a
consequence, learners in online second language learning environments should be
allowed to construct knowledge rather than being given knowledge through instruction.

Furthermore, learners should be given the possibilities to interact with both online
teachers and other online learners [9, 14, 21]. Sociocultural SLA approaches encom-
pass a number of known terms: Zone of proximal development (ZPD), scaffolding,
mediation, identities, interculturalism, affordances, community of practice, participa-
tory learning, situated learning theory, co-construction, ecology, dialogism, critical
theory, discursive practices, activity theory, private speech, peer response, collabora-
tion, networking, etc. [22]. The sociocultural approach to CALL has a better com-
patibility with the Web 2.0 tools. Of course, each technology has its own affordances
that govern differently the ways in which interactions occur [23, 24]. The technology
does not determine the interaction, but its attributes do help shape them. New emerging
technologies of this new web era have opened new opportunities of interconnection and
interaction and have brought new learning theories that apply to CALL. Recently, the
connectivist theory was named as “the learning theory for the digital age” [25]. It
perceives learning as a process that is not entirely under the control of the individual
and occurs within complex and lacking definite form environments [25]. Downes [26]
argued that “to learn in a connectivist course is to grow and develop, to form a network
of connections in one’s own self. Connectivist learning is a process of immersion in an
environment, discovery and communication – a process of pattern recognition rather
than hypothesis and theory-formation”.
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This has led to the current phase of CALL as it brings new educational challenges
in the area of online language learning in terms of the nature of networks connecting
people but also in terms of the quantity and the availability of knowledge. Examples of
these new practices in online Language Learning are the Massive Open Language
Learning Courses (LMOOCs or MOOLCs) which aim at unlimited participation and
open access via the web and they are largely divided into behavioristic-based xMOOCs
and connectivist-based MOOCs. According to the literature, the connectivist MOOC
type (cMOOC) is ideal for language learning courses since cMOOCs encourage
openness, autonomy, interactivity, peer-to-peer learning, social networking, and
emergent knowledge [2, 27]. Furthermore, it is worth mentioning that many advanced
technologies (i.e., advanced computer-mediated communication tools, artificial intel-
ligence, augmented reality, smart mobile apps) which have been used in the language
teaching process during the last decade have also implemented known teaching
approaches in innovative ways such as webquests 2.0 [28], problem-based language
learning [29], mobile assisted language learning [30], game-based language learning
[31, 32], augmented reality in language learning [33].

2.2 Theories, Frameworks and Models in Online Language Teaching
and Learning

From the analysis of the evolution phases of CALL in the previous section, it is clear
that there is no common CALL theory and that technology and pedagogy are closely
interconnected and one drives the other.

Recently, this was also confirmed by [34] who examined 166 research papers in order
to detect the pedagogical theories used in the context of CALL. They found that there
were no clearly ‘dominant’ theories showing up with any consistency except from a
small number of general labels (SLA theory, learning theory, linguistic theory). They
identified four primary sources for the theories: (1) language learning–centred extensions
of human-computer interaction or technology in education theories, (2) technology-
centred extensions of second language acquisition theories, (3) learning theories from
psychology and education, and (4) linguistic theories. Across twenty-five years of arti-
cles, they identified just one solid reference to a theory developed specifically for this
field [34]. Generally, literature reveals that there are a number of theories (Major theo-
ries, SLA theories, Foreign Language Acquisition theories, e-learning theories) that
clash with one another and emerge in new combinations according to the affordances of
novel online language learning environments.

In regards to frameworks and models which have been used in online language
teaching and learning there is not so much research evidence. According to literature,
there are not many frameworks and models which specifically addressed the needs of
online language teaching and learning. On the contrary there are numerous models and
frameworks (i.e., Merrill’s instructional design principles [35]; Kolb’s learning cycle
[36]; Mayes and Fowler’s framework [37]; Laurillard’s conversational framework [38];
Community of Inquiry framework, Garrison and Anderson [39]; Collis and Moonen’s
‘4Es’ pedagogical model’ [40]; Jonassen’s constructivist model [41]; n-Quire model by
Dewey [42]; Activity Theory by Kuuti [43]; Wenger’s community of Practice [44];
Salmon’s 5 stage e-moderating model [45]; Connectivism by Siemens [25]; Preece’s
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framework for online community [46]; The 8 Learning Events Model (8LEM) by
Leclercq and Poumay [47]) which were used for the design of online language courses
and mostly adopted from the e-learning field. Each model has a particular focus and
emphasis, and is aligned with a particular set of theoretical perspectives which are
based on the major learning theories.

As far as frameworks and models for online language teaching is concerned, there
has been some research that addresses technology integration in language teaching
from different perspectives and frameworks [48–53]. Technology integration is defined
as ‘the process of determining which electronic tools and which methods for imple-
menting them are the most appropriate responses to given classroom situations and
problems’ [54]. For example, Hoven [55] offered theoretically grounded models for
computer-based listening. Salaberry [51] outlined the pedagogical principles of using
technologies in teaching second language, while Bax [49] presented the process of
‘normalization’ of CALL and ways of how ‘technology could become invisible and
embedded in everyday practice’. Tudor [52]. on the contrary, proposed an ecological
perspective of language teaching highlighting ‘the various human and contextual
factors which influence the use and likely effectiveness of this technology’ [52] without
addressing the role of technology. He emphasized that teaching and learning processes
involve teachers, students, and all others who influence the practices in each classroom,
as well as the dynamic interaction between participants, methodology, and context.
Later, Plass and Jones [50] proposed a model of cognitive processing in second-
language acquisition supported by multimedia. This model provides only insights on
how teachers can use multimedia to support language learners but does address the
factors that could affect the use of technology by teachers. Hampel and Hauck [53]
described a pedagogical framework for integrating audio-conferencing effectively in
distance language courses at their institution.

Known theories and concepts that have supported the process of designing
instructional technology for language learning are the following: “The Content-Based
Lesson Plan”, “Bloom’s Taxonomy”, “Constructivism”,” Metacognition”, “Schema
Theory”. Perhaps the most elaborated design framework is that of Colpaert (2004),
which is pedagogy-driven and creatively blends engineering principles and pedagogical
approaches and is specifically focused on the creation of language courseware. As most
of the pedagogy-driven approaches, this is also inspired by the learner centered or
constructivist pedagogical approach. Colpaert [56] has explored the boundaries of
pedagogy-driven research in the context of online language learning. This design
framework consists of two phases: (a) define first what is needed in terms of func-
tionalities, and (b) evaluate to what extent available technologies allow them to be
implemented. It is similar to the instructional design model “ADDIE” (Analysis,
Design, Development, Implementation, Evaluation). In contrast to the other alternative
approaches for the development of an online learning environment (technology-driven,
attributes-based and affordance-based), this approach involves “a detailed specification
of what is needed for language-teaching and language-learning purposes in a specific
context, defines the most appropriate method, and finally attempts to describe the
technological requirements to make it work”. The goal of this research was to try to
prove that sufficient linguistic/ didactic functionality can be realized online by applying
an adequate design plan.
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Furthermore, it is worth mentioning that there are also specific theories of Foreign
Language Acquisition which have provided one rationale for instruction and for the
design of online language learning environments such as the “Monitor theory” [57], the
“Input Processing Model” [58], “Interaction Theory” and “Sociocultural Theory” [18,
59–61]. “Monitor Theory” [57] emphasizes the importance of comprehensible lin-
guistic input in the acquisition process. It proposes an initial silent period in which
students listen, but do not speak, as a way to promote acquisition. “Monitor Theory”
indicates that a series of activities emphasizing listening comprehension should precede
even the most simple production activities.

The “Input Processing Model” [58] differentiates between input (the language to
which the learner is exposed) and intake (the language that actually gets processed by
the learner). This model emphasizes the importance of binding the form of a word to its
meaning. If it is used as a rationale, it would indicate that early input activities ought to
be simple recognition activities that require students to attend to one important detail
and connect form to meaning. Activities would progress from simple to complex
activities along a continuum ranging from recognition to simple one word production
to sentence level and discourse level production in a logical order.

“Interaction Theory” and “Sociocultural Theory” emphasize the importance of the
social aspect of language learning [18, 59–61]. Within these frameworks, language is
negotiated and socially mediated or assisted. Paraphrasing, requests for repetition,
clarification requests, verification checks, and comprehension checks are tools used by
the novice learner to achieve proficiency during interaction with an expert speaker.
Promoting social interaction through the computer and providing opportunities for the
production of both oral and written language that may be negotiated would be indicated
in a design organized around these theories. These two theories also imply that a
completed educational program should be designed so that paired and group-learning
opportunities are afforded to the student.

Theories are linked to a variety of language teaching methods (i.e., Community
Language Learning Method, Communicative Approach, Multiple Intelligences -Based
Instruction, Content-Based Instruction, Task-Based Instruction, Interactive-Integrated
Approach) which also influence the design of instructional material and of online
language learning environments.

In conclusion, the literature reveals that there is a variety of theories such as Major
Learning Theories, SLA theories, Foreign Language Acquisition theories, e-learning
theories that are applied in different combinations to Online Language Learning and
Teaching Practice according to the technical affordances and the pedagogical goals in
every case. There are also interesting frameworks and models which can be applied in
the context of Computer Assisted Language Learning (CALL), depending on different
educational goals. Frameworks and models related to social constructivism theories and
connectivism are preferred in the context of CALL, because they promote task based
learning, social interaction, authentic learning, collaborative learning, personalised
autonomous and self-directed learning, social learning which are crucial for learning a
second or a foreign language.
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3 OPENLang Network Needs’ Analysis Survey

During the first semester of 2019, the consortium of the OPENLang Network Erasmus+
project (https://www.openlangnet.eu/) conducted a needs’ analysis survey in order to
identify the language and cultural needs as well as the motivations of the Erasmus+ KA1
mobility participants who were involved or planned to be involved in an Erasmus+
mobility for at least one month. There were also taken several interviews with a number
of Erasmus+ stakeholders from 3 European countries (Greece, Cyprus, and Italy). The
research findings of the survey have shown that learning a new language and exploring a
new culture were the two main reasons for participating in an Erasmus+ mobility, as it
was also mentioned by other researchers in literature [62]. Improving or gaining language
skills for a fluent or at least basic communication level or even for specific purposes were
the most important educational priorities for the participants. In fact, most of the par-
ticipants characterised their communication with local people during their mobility as the
biggest linguistic challenge. Other important linguistic challenges for them include the
difficulty to understand the regional accents/dialects and the comprehension of the aca-
demic language. Though, for many of them, advancing their listening skills and enriching
their general vocabulary was still a very important factor, while improving their reading
and writing skills was a less important one [63, 64]. Participants also had different views
regarding the language level needed by the Erasmus+ participants during their mobility.
Based on their linguistic priorities, some participants claimed that the C1-C2 levels
(based on CEFR classification) were the ideal language levels to have in order to cope
with material that is academic or cognitively demanding, while for everyday commu-
nication a lower level was enough. Participants were also asked to express their pref-
erences regarding the type of learning content, the online language learning environment
and the mode of learning. Regarding the content, most of the participants preferred
multimedia material (images, video, etc.) and an interactive user-friendly online language
learning environment with less text and more visual representations.

Regarding the mode of learning most participants preferred the social way of
learning. Combining the results of questionnaires and interviews it was shown that
there is a big need for linguistic support via training, seminars or language courses for
both outcoming and incoming participants. Furthermore, there is a need for networking
and collaboration between participants in the Erasmus+ KA1 mobility in order to
achieve cultural understanding and intercultural communication, as well as to build
friendships or even professional opportunities for the future. The findings of the
OPENLang Network survey have confirmed previous research findings that have
shown that the development of language proficiency and learning a different culture are
the main reasons to participate in an Erasmus+ mobility [62, 65–68]. Other research
findings, that were also really important for the design of the OPENLang Network
Pedagogical Framework, were first that the participants gave priority in advancing
specifically their listening and communication skills as well as their general vocabu-
lary, and secondly that the participants preferred social learning, intercultural com-
munication and networking in an interactive multimedia environment.
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4 OPENLang Network Pedagogical Framework: Dimensions
and Process

The OPENLang Network’s Pedagogical Framework is designed based on the ques-
tionnaire and interviews answers which were conducted to explore the language and
culture awareness needs of the Erasmus+ KA1 mobility participants involved in long-
term mobility activities, as well as on the literature review on the theoretical back-
ground of the online language education.

Designing an open language learning environment which could provide multiple
types of interaction for the learners is a challenging task. Interaction-based learning is a
cornerstone of many socially oriented approaches to L2 learning” [65]. As it is known,
increasing contact with the target language appears to be one of the most critical factors
for successful Language Learning. Language is about communication, and there is
nothing more motivating than being able to use one’s newly acquired language skills in
an authentic environment [69, 70]. In fact, learner’s participation and interaction are at
the center and of crucial importance for successful language learning, whether it is
face-to-face, blended or fully online teaching. This is because “language learning is a
skill-based process rather than a content-based one. Skills’ development, such as the
acquisition of speaking and listening skills, required constant synchronous interaction
in the target language” [4]. In fact, fostering real-time synchronous interaction is an
important principle in distance language teaching since synchronous oral and visual
interaction is a crucial component in online language learning. A successful online
language learning environment should support learners’ autonomy and should give
them sufficient time for practice and the possibility to get feedback and guidance when
they need them [2, 27, 69]. Each learner of the OPENLang Network is seen as an
autonomous learner but also as a learner who can interact with other peers and/or the
teacher in pairs or in small groups or even in a big community.

One of the main challenges of the design of the OPENLang Network’s Pedagogical
Framework was to provide the opportunity to each learner for social interaction,
Language Learning input/output, authenticity, exposure, feedback, and learner auton-
omy which are key factors for a successful language learning [70].

More concretely, the philosophy behind the design of the OPENLang Network’s
Pedagogical Framework was inspired by a learner-centered, social-constructivist and
connectivism pedagogical paradigm blending a variety of pedagogical approaches and
instructional strategies derived from the areas of CALL, elearning, SLA and FLL (i.e.
Autonomous learning, Self-regulated learning, Personalised learning, Collaborative
learning, Cooperative learning, Community learning, theory of transactional distance,
Language Communication theory, Second Language Acquisition theories, Interaction
and Socio-cultural theory, Social Constructivism and Connectivism, Activity theory,
Situated Learning theory, Language Acquisition Theory, Tandem Learning theory,
Wenger’s Theory of communities of practice).

The OPENLang Network open and collaborative language learning environment is
designed to provide multiple types of interaction to learners who belong in a com-
munity of language practice. Each learner of this environment is seen as an autonomous
learner who can use the open educational material content (OERs), but also as a learner

148 M. Perifanou and A. A. Economides



who can interact with other peers and/or the teacher in a one-to-one pair or in small
groups or even in a big community. Learners are placed at the center of the OPENLang
Network online language learning environment and are free to take their own per-
sonalised learning paths as it presented in the following diagram below which show-
case the OPENLang Network Pedagogical Framework (Fig. 1).

The learners can select the mode of interaction and collaboration that they prefer
(autonomous, one-to-one, pair-to-pair, one-to-many), choose among the available tools
and services offered by the platform, and control the amount of open material (OERs)
they want to use, reuse, share as well as the duration of time that they need to spend for
studying or practicing the target language or exploring a new culture. Each learner can
practice the language of his/her choice by choosing a language partner such as a peer, a
group or a teacher. A learner in the OPENLang Network belongs to a large community
and has access to an open forum where he/she can start an interesting discussion about
any topic he/she likes. This aspect is very important because the target group of users
are Erasmus+ students who face many challenges and difficulties in every phase of
their mobility. Teachers play also a significant role in this network as they can support
the community with their contribution either as language partners, or as members of the
discussion area or as content contributors as they can create, share, evaluate or

Fig. 1. OPENLang network pedagogical framework
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recommend their language OERs. The following diagram (Fig. 2) presents the active
role of the OPENLang Network learner.

In general, the learning process is in accordance with the principles of the self-
paced self-regulated learning and autonomous learning, personalised learning, tandem
learning, cooperative and collaborative learning, community learning, social con-
structivism and connectivism.

4.1 Self-placed, Self-regulated and Autonomous Learning

Each learner of the OPENLang Network is seen as an autonomous learner who is at the
center of the learning process. A number of known theories are connected to auton-
omous learning and the learner-centred approaches. According to the literature, in a
learner-centered approach the learner is considered as the key agent of the learning
process [71], and a defining element in online learning [4]. The choices regarding the
pedagogical design of the OPENLang Network language learning environment were
driven by the learners’ interests and needs. From this pedagogical perspective, our
research team aims to create a diverse learning environment which could enable per-
sonalized learning that could allow learners to make decisions about how to choose
tools and configure the learning environment to best suit their learning goals and needs
[72]. Personalised and autonomous learning are in line with self-paced and self-

Fig. 2. OPENLang network language learning environment (Phase 1).
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regulated learning (SRL). Naidu [73] defines self-paced learning as “a mode of learning
that enables individuals to study online or with the help of portable technologies in
their own time, at their own pace, and from their own place” (p. 260). Self or learner
paced distance and e-learning courses are based on increased learner independence and
flexibility, as learners can start their courses at any time during the year, and complete
them at their own pace [74]. Self-regulated learning (SRL) is a known distance edu-
cation theory, which is defined as the ability of learners to control the factors or
conditions affecting their learning [75]. Pintrich [76] defined self-regulated learning as
“an active and constructivist process whereby learners attempt to monitor, regulate, and
control their cognition, motivation and behaviors after setting goals for their learning,
are guided and restricted by their own goals and the learning environment they are in”.
Social context plays an important role in self regulated learning [77]. Instructors or
peers are external factors who become models to guide learners in self-regulation
activities and provide feedback [78]. Because of the social processes, learners can
develop their competencies to meet challenges, for content and context. Consequently,
they become self-regulated learners [78].

The OPENLang Network language learning environment aims to be a social lan-
guage learning environment where each learner is a self-paced and self-regulated
learner who can have multiple opportunities for authentic interaction (input and out-
put). This pedagogical approach offers also other important opportunities to learners
such as the free choice to set their own goals, their own learning strategies, the time of
study, with whom to study and the possibility to monitor and reflect on their learning
progress [77]. Some studies have shown that self-regulated learners are more successful
in distance learning [79] sustained that distance learning is more flexible, learner-
centered, and autonomous than face-to-face as it requires learners to be self-regulated
and use their self-regulated learning skills more frequently. In general, self-regulated
learning skills are critical for success in self-paced distance learning environments
where learners study on their own.

4.2 Peer-to-Peer or Tandem Learning

Following the needs of the OPENLang Network’s survey participants, about multiple
opportunities for interaction, we have introduced tandem learning services in the
OPENLang Network Platform as it was originally planned. Tandem language learning
has a lot to do with collaborative language learning. This type of learning takes place
when two people share the idea of improving their communicative competence in the
target language, and establish a negotiation to reach an agreement on how they will
deal with the tasks they have to face together [80]. The overarching principles of
tandem learning are: a) The principle of autonomy: Being responsible for your own
learning; and b) The principle of reciprocity: Being responsible for ensuring mutual
benefit [81]. More specifically, “Autonomy” implies that both partners are responsible
for their own learning, so they decide “what they want to learn, how and when, and
what sort of help they need from their partner”. “Reciprocity” means that each partner
brings certain skills and abilities which the other partner seeks to acquire and in which
both partners support each other in their learning in such a way that both benefit as
much as possible from their working together [81]. Both principles are closely related
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to the views some scholars have on autonomy in foreign language learning [82–84], as
a mutual collaboration among students with a view to improving their linguistic
competence in the target language but also their intercultural communicative compe-
tence by learning of the way people live and behave within the target language com-
munity [85].

Other studies [86, 87] have explored the application of Tandem learning by
Erasmus students. In the first study [86] Erasmus students preferred Tandem learning to
other ways for practicing the language and learning the new culture. The students from
other European Union countries, studying under the Erasmus scheme, reported that
tandem learning was a real opportunity for them to get to know English students and to
practice English as this was the best way to socialise closely with them since it was
much more difficult to make English friends when they came to study in the UK.
According to the findings of another study [87], Tandem learners may gain almost as
much as learners immersed in the L2 environment, in this case Erasmus Tandem
students. Interactive situations such as Tandem learning, which are typically friendly
and of low anxiety, assist the development of automaticity in second language use, and
thus the ability to produce longer and more fluent speech units. For the Erasmus
students, who were immersed in the L2 environment, tandem learning has activated
and automated some of the language that had been learnt formally in their country.

During the last 20 years, many researchers [88–92] have explored the potentials of
tandem learning in the area of language learning. Tandem learners have practiced a
variety of languages such as English, German, Spanish, Japanese, Chinese, Russian,
Brasilian using first the traditional email and later several Web 2.0 tools such as Skype,
Adobe Connect, Google instant messaging, QQ, WeChat,wiki, etc.

All these researches on tandem learning practices have explored mostly the use of
tandem learning between specific groups of learners such as two university language
classes [91] and usually on the acquisition of two specific languages. Rarely, we have
seen a web-based tandem language exchange environment in which more than two
languages were practiced such as the ETR web based tandem learning environment
which included three languages [88].

Based on the research findings aforementioned, Tandem Learning was selected by
the OPENLang Network team as an ideal pedagogical approach for Erasmus+ students
to acquire linguistic and intercultural competence by interacting in synchronous and
asynchronous ways in pairs or in small groups of tandem pairs. The research in this
area is quite limited and the OPENLang Network team aims to explore the benefits of
tandem learning practices in an open multilingual European community which is not
limited to few languages but it will support and promote every European language. The
research will focus first on finding ways to support the tandem pairs and at a later stage
will research small groups of participants. One idea would be connecting tandem pairs
participating in a common discussion and debate on specific topics that a teacher or a
peer would propose. Discussion topics for the Tandem communication could be also
proposed in the discussion area by the OPENLang Network community. Learners’
linguistic or intercultural needs that may emerge during the different phases of the
Erasmus+ mobility could be discussed in the discussion area and in this way could
enrich the linguistic and intercultural competences of all the participating learners.
Small group learning is based on a cooperative learning approach while community
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learning promotes collaborative learning and is based on social-constructivism learning
theories and the connectivism theory.

4.3 Small Group Learning: Cooperative and Collaborative Learning

More specifically, the pedagogy which lies behind the small group learning is coop-
erative learning which shares the same basic set of principles with the widespread
Communicative Language Teaching. Cooperative language learning responds to the
trend in foreign language teaching methods with focusing on the communicative and
effective factors in language learning because language learners need to know how to
use the knowledge in practice and to express or narrate their thoughts and ideas.
Cooperative learning can create an effective learning climate as it offers a relaxed
climate in the classroom, can increase student motivation [93, 94] and increase lear-
ner’s self-confidence and self-esteem [95]. It also provides various chances of Input
and Output as it creates natural, interactive contexts, where students listen to each
other, ask questions, and clarify issues and this is valuable in the oral practice and
listening comprehension. They also produce more accurate and appropriate language,
which itself provides input for other students [95]. Cooperative learning also increases
a variety of language functions as it creates a real-life social setting in which language
is normally used (i.e., clarifying, making suggestions, encouraging, disagreeing,
negotiating of meaning, etc.). Furthermore, cooperative learning promotes learners’
responsibility and independence to help students become more autonomous and self-
controlled [96].

In the case of the OPENLang Network, the project’s team will explore informal
cooperative learning tasks where in each task there will participate up to three
(3) tandem pairs, preferably with the support of the language teacher who could guide
the specific task. In traditional class, the informal or formal group works are supported
by the teacher in multiple ways via specific activities (i.e., webquest, think-pair-share,
peer instruction jigsaw, etc.). In the context of the open language learning community
we will explore how language learners could work either in one tandem pair, or in two
or three tandem pairs together. Cooperative learning in an online context has different
challenges and can be facilitated also by various advanced technologies.

4.4 Community Learning: Communities of Practice and Connectivism

Additionally to tandem learning and small group learning, learning in an online
community is also a challenging opportunity for OPENLang Network learners. Social
constructivism, situated learning, communities of practice and connectivism are theo-
ries which lie behind learning in an online community. Since 2005, most of the Second
Language Acquisition (SLA) research explored sociocultural and social cognitive
theories such as “activity theory, socio-constructivism, community of practice, social
cognitive theory” [1]. Social constructivism conceptualises learning as participation in
shared activities where the context and the situated nature of learning are integral
considerations. From this perspective, knowledge is distributed among members of a
community, and learning involves individuals’ abilities to participate successfully in
community of practices [44]. Wenger [44] describes Communities of Practice (CoP) as
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“groups of people who share a concern or a passion for something they do and learn
how to do it better as they interact regularly.” This learning that takes place in a CoP is
not necessarily intentional as it occurs in a community. Situated Learning Theory also
emphasizes that learning is unintentional and situated within authentic activity, context,
and culture, known as the “process of legitimate peripheral participation” [97]. It occurs
when students work on authentic tasks that take place in a real-world setting [98].
Social interaction is a critical component of situated learning—learners become
involved in a “community of practice” which embodies certain beliefs and behaviors to
be acquired [44].

Social interaction is also a critical component in connectivism, the theory of the
digital world according to Siemens [25] who argues that what is more important is the
ability to learn (create and understand connections) than the current amount of
knowledge. Connectivism is a logical development of social constructivist theory in a
digitally-mediated world that views learning as a process of developing networks of
information, contacts, and resources that are applied to real problems [25]. According
to the theory of Connectivism, learning occurs when a learner connects to a learning
community and feeds information into it. Connectivism “is built on an assumption of a
constructivist model of learning, with the learner at the centre, connecting and con-
structing knowledge in a context that includes not only external networks and groups
but also his or her own histories and predilections” [99].

Connectivism, outlines four foundations for learning, which include autonomy,
connectedness, diversity, and openness [100]. According to Nattoch Dag [101] con-
nectivism has similar principles with adult learning and “the main difference between
adult learning and connectivism, however, is that whereas adult learning principles
focus on the individual learner, connectivism focuses on the aspect of connectivity, and
how the learner himself or herself connects the nodes”.

As far as language learning is concerned, it is important to use a variety of
information resources (books, Internet, mass media, ICT, etc.) and this is in line with
connectivism which defines learning as a process of creating connections among the
nodes or information resources. Language learning is also a long-life activity and it
cannot be learnt just as a set of words and phrases and this follows into the principles of
lifelong learning in adult education and connectivism’s connectedness. A connection-
ist-based course is based on autonomy, diversity (different countries, different cultures
and backgrounds) connectedness and interactivity. ‘Autonomy’ gives priority to
learners’ own goals, purposes, objectives or values. ‘Diversity’ ensures that creativity is
fostered among members of a community. ‘Openness’ emphasizes the lack of barriers,
ensures the free flow of ideas and content sharing and gives freedom to choose between
different technologies. A connectionist-based course which promotes connectedness,
interactivity, autonomy, diversity, and openness are also highly important character-
istics for an efficient online language learning environment because they are key factors
for a successful language learning [2, 69, 70].

To sum up, a number of learner-centered and social-constructivist & connectivist
learning theories and pedagogical approaches have inspired the design of the OPEN-
Lang Network’s Pedagogical Framework.
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5 Conclusions and Future Steps

The research findings of the OPENLang Network’s needs analysis survey as well as the
literature review on existing pedagogical theories, frameworks and models applied in
Online Language Education led to the creation of the OPENLang Network’s Peda-
gogical Framework. Based on this framework the OPENLang Network team has also
developed the OPENLang Network’s Design Framework and the OPENLang Network
online platform which will be presented in future publications.

One first conclusion that the literature review revealed is that there is not a single
CALL theory which is applied to Online Language Learning and Teaching but a
variety of theories such as Major Learning Theories, SLA theories, Foreign Language
Acquisition theories, e-learning theories that are applied in different combinations to
Online Language Learning and Teaching Practice according to the technical affor-
dances and the pedagogical goals in every case. Furthermore, it was found that the
pedagogical models and frameworks which are applied for the design of online lan-
guage learning environments are mostly adopted from the field of e-learning and
inspired by a blend of theories as it was aforementioned. The major conclusion here is
that the design of a highly interactive online language learning environment is quite
challenging as it entails to take under consideration a number of factors such as the
needs of the target group, the pedagogical implications and the technical affordances of
the online environment.

Furthermore, the findings of the OPENLang Network survey shown that the
development of language proficiency and learning a different culture are the main
reasons to participate in an Erasmus+ mobility and that Erasmus+ participants need to
be able to have access to a continuous language training before, during, and after their
mobility.

Currently, the OPENLang Network team is getting prepared for piloting the
OPENLang Network platform and all its available services. The team is organising a
4 weeks MOOC which will offer a full training course to language teachers with a
focus on the use, creation, and share of language OERs. This course also aims to test
the multilevel interaction scenarios of the OPENLang Network’s Pedagogical Frame-
work and, additionally, to explore the possibility of creating small working language
groups in which a teacher could facilitate the discussion of max 6 students (or 3 tandem
pairs). Based on the valuable feedback that will be received by all the participants, the
OPENLang Network team will make all the changes needed.
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Abstract. With the rapid development of the Internet and the improvement of
people’s demand level in recent years, E-education has become an industry with
great development potential, and E-education applications have become the first
choice for young people to improve themselves. More and more Internet
companies have been aiming at this potential market, developing various forms
of E-education applications to seize the market. However, the fierce market
competition leads to the appearance of homogeneous product design and the
lack of user preference in interface design. For E-education applications, the
design of interactive interface and user experience is a very important part, and a
good user experience is the key to users’ continuous use of the application. This
paper uses the research method of Kansei engineering to study the interface
design of the existing E-education apps, finds out the demand preference of
young people for the interface design of E-education applications, and puts
forward the theoretical guidance and the design trend that can be used in the
future electronic education products.

Keywords: E-education � APP interface design � Kansei engineering � User
experience

1 Introduction

In recent years, the rapid development of the world’s economy and the rapid take-off of
the Internet are external factors; people’s growing desire for learning and rising con-
sumption ability are internal factors. Under the influence of these two factors, the
consumption structure of consumers has undergone tremendous changes, and is now
transforming from survival type to self-realization type. Research shows that more and
more consumers are willing to pay time and money to improve their self-worth. As a
good way to promote self-improvement and development, knowledge acquisition has
been greatly promoted in the economic environment, which also gives birth to the
development and evolution of E-education products. From the beginning of the rise of
E-education applications in 2016 to the full bloom of E-education industry in recent
years, E-education products have changed from single type to diversified type. In the
new pattern of knowledge consumption, the new requirements of users also put forward
new requirements for the development of E-education industry.
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2 Research Background

2.1 The Concept of E-education

E-education, as the name suggests, is the product of the combination of knowledge and
the Internet. Different from the traditional offline paid courses, today’s E-education
relies on the mature development of the Internet and has a strong Internet attribute. In a
broad sense, e-education is to turn knowledge into products or services, and realize its
commercial value by selling these knowledge products or services; in a narrow sense, it
is to use the information gap between information producers and consumers, package
information into products or services, and sell them through the Internet [1]. The E-
education app and online education website which have developed rapidly in recent
years. Many product forms form a new business form of knowledge productization.
This paper will mainly focus on the narrow sense of E-education, that is, the research of
E-education applications, and put forward the guiding methods.

2.2 Development Trend of E-education Industry

E-education industry is a very promising industry. As an extension of school and
classroom, E-education applications have the characteristics of flexible time and
unlimited geographical location, which is very in line with the fast-paced and busy
lifestyle of today’s young people. The rise of E-education is a good opportunity to
improve themselves. Consumers can often get good knowledge sharing through the
network and mobile applications. At the same time, due to the sudden epidemic, many
people’s pace of life has been broken. A large number of staff and students are facing
unemployment, dropout and other situations. The improvement of self-ability has
become a group demand, and E-education just meets the opportunity of this era. It
gives consumers a good opportunity to improve themselves during the epidemic period,
and online access to knowledge has become a hot topic among young people.

2016 is called “the first year of E-education” by the media [1]. E-education
products break the boundary between the dissemination and acquisition of knowledge.
E-education apps, led by Iget, Himalaya, etc., rapidly layout the industry market,
leading the rapid rise of E-education market. At the same time, with the development of
the market, E-education applications will be launched after 2016, and the product
competition is fierce. In 2017, the scale of China’s E-education industry was about 4.91
billion yuan, nearly tripled year on year. In the next three years, the scale of E-
education industry will maintain high growth and continue to expand. It is estimated
that by 2020, the scale of E-education industry will reach 23.5 billion yuan.

With the rapid development of E-education applications in recent years, the major
companies have realized that not only the basic form, but also the deep connotation are
needed to make applications. In other words, E-education applications should not only
capture users’ minds in terms of content differentiation and professionalism, but also
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make continuous efforts in user experience to increase users’ stickiness. With richer
functions and more optimized experience, facing the user groups with more complex
needs, we will transform from product-oriented to service-oriented.

2.3 The Influence of Interface Design of E-education Application on User
Experience

As more and more E-education applications are designed with in-depth consideration
of user needs, deep cultivation of user experience. Therefore, while providing con-
sumers with knowledge, designers are also committed to providing them with a perfect
knowledge service. Such as social experience to increase communication, emotional
incentive to promote learning enthusiasm, perfect feedback mechanism to enhance the
user’s persistence and loyalty [2]. The most direct way to present these service-oriented
contacts is in the user interface of the product. Good and appropriate visual language
can better enhance the user’s perception and attract users to use them, so as to provide
cognitive space and development opportunities for the whole service process.

At the same time, after the continuous polishing and polishing of the market, many
E-education apps are very rich in content, mainly in the form of audio, video, graphics
and so on. Complex forms often need appropriate interface design to satisfy the sense
of use, which also provides new ideas and challenges for the interface design of E-
education app. Therefore, as the “window” of products and services, the interface
design of app is a very important part in the process of user experience. If the interface
design is more in line with user preferences and habits, it will greatly improve the
user’s preference and user stickiness. Based on the importance of interface design for
E-education products, this paper studies user preferences for E-education products to
guide the design, so that E-education products can better serve users.

3 Research Method

3.1 Kansei Engineering and the Application of E-education

Kansei engineering [3] is proposed by Mitsuke Nagmachi of Hiroshima University in
Japan. It combines the engineering technology of design, computer, psychology,
statistics and other disciplines. It can refine users’ perceptual needs into product design
direction, namely perceptual clustering. Kansei engineering is a subject based on
experiments. It can transform people’s subjective feelings and emotional intentions into
design language and design elements, and quantify users’ emotional expression as the
key data to guide the design.

Based on the investigation of many research methods in Kansei Engineering, this
study decided to use semantic difference analysis method to study E-education appli-
cations. Semantic Differential is a method of psychological measurement, also known
as feeling recording method, mentioned by Charles Egerton Osgood (1916–1991) in
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his paper the measurement of meaning in 1957 [4]. It analyzes the semantics of the
product through the perceptual vocabulary description of the sample by the intervie-
wees, and finally obtains the guidance for the design practice from the data collation
and analysis. Therefore, using the method of Kansei engineering to study the interface
design of E-education products can effectively rationalize and digitize the perceptual
cognition of the target users, and provide guidance for the future design trend with
quantitative indicators.

3.2 Sample Selection

According to the research of iResearch in the 《2018 China online E-education Market
Research Report》 [5], the main consumers of E-education products are young people
under the age of 30. They have a certain consumption ability, and can effectively screen
and evaluate E-education applications. After investigating the popular E-education
applications among young people, the author selects a series of E-education apps to
determine the sample range. Then, through the market research of E-education apps,
four top products in E-education industry are selected based on the degree of market
exposure, the intensity of E-education attributes and the professionalism of knowledge
content, and then analyzed. The four samples are: Himalaya, a paid knowledge plat-
form based on audio, Overdrive, which is famous for “e-library”, Iget, a paid audio
knowledge platform based on “knowledge network celebrities”, and Blinkist, a reading
app combining audio listening with e-reading, as shown in Fig. 1.

3.3 Perceptual Vocabulary Extraction

In order to make this study objective, rigorous and professional, the author collected a
sample of perceptual intention vocabulary from the main user groups of E-education
apps. The respondents meet the following conditions: (1) they are between 25 and
30 years old; (2) they have certain understanding and experience in using E-education
applications; (3) they have certain aesthetic and experiential requirements for the
interface design of E-education apps, mainly users engaged in art design-related pro-
fessions. Each respondent will describe the perceptual vocabulary in four aspects:
overall feeling, color matching, interface layout and using experience, combined with
the above four samples, and each person will provide no less than eight words. At the
same time, experts in the fields of perceptual engineering and E-education were invited
to classify the collected perceptual vocabulary and eliminate similar words and remote
words. Finally, the above four categories were matched and filtered, and each category
contained two pairs of perceptual words.
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Fig. 1. Collection of knowledge payment samples.
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The study finally identified two groups of perceptual intention words under each
category, namely: “modern - traditional, professional - amateur” for respondents to
describe their first impression of the sample, i.e., the overall feeling part; “fashionable -
conservative, calm - flamboyant” is used to describe the perceptual perception of the
sample’s color, i.e. the color matching part; “harmonious - cluttered, simple - redun-
dant” can reflect the respondents’ subjective feelings about the interface layout, i.e. the
interface layout part; “feature rich - single function, easy to use - difficult to use” can
help respondents describe how the interface design presents functionality and how it
reflects the user experience, i.e. the user experience section, as shown in Table 1.

3.4 Questionnaire Design and Distribution

This study used the semantic differential method combined with a Seven Grades Likert
Scale to create a questionnaire, which was designed in two parts. The first part was the
respondents’ basic information and use of E-education products, which was used to
screen and evaluate the validity of the questionnaire at a later stage. The second part is
the respondents’ scores for the perceptual words of each sample, which consists of 4
samples with 8 sets of perceptual words to form a 7-level scale. The scale values are
−3, −2, −1, 0, 1, 2, and 3. The middle value is 0, and the smaller the value, the closer
the respondent’s perception is to the left-side perceptual words, and vice versa. In order
to reduce the probability of invalidity, this questionnaire was distributed in a small area,
and mainly to art and design related professionals. The scale part of the questionnaire is
shown in Table 2.

Table 1. Perceptual vocabulary selection in knowledge payment applications

Category Perceptual vocabulary

Overall feeling 1. Modern - Traditional
2. Professional - Amateur

Color matching 3. Fashionable - Conservative
4. Calm - Flamboyant

Interface layout 5. Harmonious - Cluttered
6. Simple - Redundant

Using experience 7. Feature rich - Single function
8. Easy to use - Difficult to use
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4 Results and Discussion

At the end of the survey, 40 questionnaires were collected. The age range and the
degree of use of E-education applications were used as indicators to screen invalid
questionnaires, and 34 valid questionnaires were finally determined for the statistics
and discussion of the results. The data of each perceptual vocabulary group were
combined with the Likert scale for the mean statistics, as shown in Table 3.

Based on the four indicators, the samples are compared in horizontal and vertical
dimensions. The horizontal comparison is based on the perceptual vocabulary score of
each sample to find out the characteristics of each sample; the vertical analysis is based
on the score of each perceptual vocabulary to find out the sample with the highest score
and analyze its characteristics.

Table 2. Questionnaire design

Fashionable   -3   -2   -1   0   1   2   3  Conservative

Calm       -3   -2   -1   0   1   2   3  Flamboyant

Harmonious  -3   -2   -1   0   1   2   3  Cluttered

Simple      -3   -2   -1   0   1   2   3   Redundant

Feature rich   -3   -2   -1   0   1   2   3 Single function

Easy to use   -3   -2   -1   0   1   2   3  Difficult to use

Sample Image Perceptual Vocabulary Values

Modern    -3   -2   -1   0   1   2   3     Traditional

Professional   -3   -2   -1   0   1   2   3  Amateur
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4.1 Comparison of Vertical Indicators

Overall Feeling. In the category of “overall feeling”, Blinkist has the lowest total
score, which means that its interface is more modern and professional; Iget has the
highest total score, which makes people feel more traditional and amateur in the four
samples.

Color Matching. The lowest score of “color matching” is still Blinkist, which fits the
perceptual word “fashion”. But Himalaya is the closest to “calm” in the color matching
plate, but because of its low degree of fashion, the overall color feeling is not as good as
Blinkist.

Interface Layout. In the category of “interface layout”, Overdrive is the closest to
“concise”, and Blinkist is the most harmonious. However, the total score of overdrive
was the lowest, and the page layout gave respondents the best feeling.

Using Experience. Himalaya has the lowest overall score in the “using experience”
section, that is, the best performance. Although Himalaya does not bring outstanding
feelings to the respondents in other sections, it is closest to “functional composite”,
indicating that its interface design can better highlight functions. But Overdrive is
closest to the emotional word “easy to use.”

Table 3. Statistics of the average number of perceptual words in the questionnaire

Perceptual vocabulary group Sample
1. Himalaya 2. Overdrive 3. Iget 4. Blinkist

Overall feeling
Modern - Traditional −0.5 −1 −0.24 −1.18
Professional - Amateur −0.97 −0.94 −0.76 −1.38
Color matching
Fashionable - Conservative 0.03 –0.76 0.12 −1.15
Calm - Flamboyant −1.32 –0.62 −0.53 −0.71
Interface layout
Harmonious - Cluttered −0.76 −1.03 −0.71 −1.15
Simple - Redundant −0.35 −1.29 −0.5 −1.12
Using experience
Feature rich - Single function −1.18 −0.71 −0.79 −0.97
Easy to use - Difficult to use −0.85 −1.18 −0.56 −0.91
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4.2 Comparison of Horizontal Indicators

Himalaya. Himalaya is most close to “calm” and “feature rich” in various perceptual
indicators. In terms of color matching, Himalaya uses white background with orange as
the main tone, with moderate lightness, non-jumbled elements, and fine control of
proportion and white space, so it gives users a sense of stability. At the same time, due
to its rich contacts on each page, it shows more kinetic energy entrance through icon
and function module, and brings users more complex functional experience. It is a
stable and functional electronic education product.

Overdrive. Overdrive is characterized by a “simple” interface layout and an “easy-to-
use” user experience. To be specific, Overdrive makes the layout loose and simple by
leaving more white space and reducing the visual elements and colors of the interface.
The reading page banner is narrow and long, at the same time, it is equipped with fewer
icon and function modules, which brings users the most concise interface layout
experience and convenient use experience.

Iget. Iget is characterized by its “professional” overall experience and close to the
“feature rich” use experience, but the color matching is relatively conservative. Iget
home page framework is more detailed, from the title bar, banner to live broadcast and
headlines of the plate is rich but not pondering, with a certain sense of professionalism.
But because its icon and other page elements are mostly gray background, orange is
only the page embellishment, it seems that the color collocation is more conservative
and monotonous.

Blinkist. Blinkist brings the most “professional and modern” overall feeling. With its
simple colors and unified content modules, the overall feel of the interface is simple
and clear, with modern design features that make it easy for users to understand the
product and get started quickly. The simple colors and fonts can also better show the
professionalism of the application. At the same time, Blinkist is no less colorful, with a
dark blue background and white characters, accented by a blue-green progress bar and
icon of the same color, making the color scheme very simple and stylish.

5 Guidance for Design

After detailed analysis of the questionnaire and the sample, I have a deeper under-
standing of the perceptual preferences of the young user group, mainly in the following
four areas.

5.1 Overall Feeling

The target users of E-education prefer a sense of modernity and professionalism on the
whole, which also reflects that people’s requirements for education application are still
serious. The designer is required to have a comprehensive control over the overall
elements and layout in the design, and show the overall feeling of the interface in the
principle of simplicity and consistency. All elements should be orderly and unified in
the design. For E-education applications, it is necessary to have a sense of modernity
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and professionalism, which is also conducive to users’ long-term use of the application,
enhancing users’ trust, and facilitating users’ later cognition and use of the product.

5.2 Color Matching

It can be seen from the questionnaire that the color matching of E-education application
is fashionable and calm. With the development of Internet, the application of E-
education is the combination of knowledge and Internet, which is no longer serious
knowledge sharing. The combination of fashion and calmness represents the appro-
priate liveliness, while retaining the original conscientiousness and preciseness of E-
education applications. Only by combining the two can we design E-education
applications that are popular with target users and young people. Designers can fit the
sensory experience of target users through color control, and can use no more than
three colors to match the interface. In normal mode, white or simple solid color can be
used as the background, and the main visual color is presented in the main elements, or
highlighted in the details of the interface. Finally, gold or gray can be used as
embellishment to enhance the overall interface texture and sense of hierarchy.

5.3 Interface Layout

Young people’s preference for app interface layout is harmonious and concise. Because
the E-education applications are often accompanied by more functions and compo-
nents, such as the selection of education projects, the view of progress, the commu-
nication with other users and so on. Therefore, the harmonious and simple interface
layout can reduce the user’s use burden and memory burden, make every function
clearly visible, and also easy to guide the next step of the use experience. This requires
designers to arrange the functional modules of the interface in order to make it more
complex with the user’s sensory experience and actual needs. The most commonly
used parts and the functions to guide users to use are clearly and concisely displayed in
the interface, so that users do not need to spend extra time and energy to identify
information. Secondly, we can refer to the simple collocation of colors to make the
interface orderly and neat. The presentation of interface layout has a great relationship
with the brightness, intensity and contrast of colors. Only simple functional module
design and reasonable color proportion can present an easy-to-use interface layout.

5.4 Using Experience

Rich functions and easy-to-use experience are the current user groups’ preferences for
E-education application experience. Due to the electronic education app currently has
text, audio and video expansion, the function is relatively rich, so in the design, we
should consider how to make the rich function easy and practical, so as to be more in
line with the user’s habits. This is not a small challenge for designers. Designers need
to cultivate user experience design, combine the above elements, and layout the overall
use process from the user’s habits. Such as reading and audio switch freely, watching
video at the same time can record text and other functions are updated, but to really put
into the user’s scene will appear messy and flustered. Then we need to start from the
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users’ habits, find users’ subconscious use actions, facilitate users’ contact and use of
the app, strengthen the professionalism of the use experience, and reduce the possibility
of users’ wrong choice.

6 Summary

As an innovation of future education mode, e-education application is now developing
towards a more mature and experience oriented direction, which has great development
prospects and value. Based on the Kansei Engineering Research of E-education
application interface design, this paper finally determines the future design direction
from the overall feeling, color matching, interface layout and user experience. It aims to
provide guidance for the future design of E-education app, make it more adapt to the
changing needs of users, and create a more user-friendly experience in the future
development.
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Abstract. China is gradually deepening its education reform. Children’s pro-
gramming education in STEAM education has caused widespread concern,
however, there is no corresponding method for teaching aids design. In this
paper, we conducted a comprehensive review of literatures on the development
and application of STEAM education in China and globally. After analyzing
current situation of children’s programming education in China, primary design
principles of children’s programming teaching aids are summarized. Service
design theory was utilized during the research. Five elements of the children’s
programming curriculum system were summarized and design method of chil-
dren’s programming teaching aids were proposed with analyzing the common
points of service design and children’s programming courses. This research
integrated service design concepts into children’s programming education,
summarized design methods of Chinese children’s programming aids through
the relationship of five elements including people, media, scenes, actions, and
goals. In addition, this research proposed a new design framework named
“Children – Technology – Traditional culture – Children”. The results have
positive value for improving the current homogenization of the Chinese pro-
gramming market, and can promote the emergence of more children’s pro-
gramming teaching aids with Chinese characteristics.

Keywords: Teaching aids design � Chinese characteristics � Service design �
Children programming � STEAM

1 Introduction

With the deepening of China’s education reform, STEAM education has been pro-
moted wave after wave due to its compliance with the policy of China’s deepening
education reform. Children’s programming education in STEAM education is gradu-
ally known and respected. However, the practice of the STEAM concept in major
regions of China was still stuck in the basic curriculum of schools such as labor
technology and general technology, less research is made on the content of curriculum
integration, teaching forms, teaching tools, and so on. As a result, designers become
difficult when designing teaching aids. The purpose of this article is to summarize the
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design method of Chinese children’s programming teaching aids and develop a pro-
totype framework to help designers design Chinese children’s programming teaching
aids smoothly.

Designers generally respect their own design methods in the process of designing
products, and these methods have evolved from the general methods of teaching
guidance when they were junior designers. For junior designers, it is necessary to have
a methodological framework for product design. More specifically, junior designers are
often confused and overwhelmed when they are new to design in a new field. A basic
design method of the general public is to guide them in design. However, for the design
of teaching aids, it is often confused with toys or products, so that the demand for new
classroom forms for STEAM education has not been adapted. Therefore, designers
need to have a deeper understanding of the design methods for children’s teaching aids.

For the purposes of this paper, the term “teaching aids” means “ordinary objects
used in a class for teaching purposes” (New Century English-Chinese Dictionary). The
term “product” means “a thing that is grown or produced, usually for sale” (Oxford
Advanced English-Chinese Dictionary 2018). The term “toy” means “an object for
children to play with” (Oxford Advanced English-Chinese Dictionary 2018). There-
fore, there is a fundamental difference between teaching aids and the other about
“teaching”. At the same time, Classroom interactive teaching and subject integration
are more emphasized in STEAM education. This shows that designers need to
understand the design methods applicable to teaching aids in order to make use of
“teaching” and “learning” fusion and produce the desired user experience design.

literature searches in research databases (Design and Applied Arts Index, Web of
Science and EBSCO) did not lead to the clear design method to enable designers to
carry out the design smoothly, nor to much discussion was caused. Different categories
of products have different characteristics. At least for inexperienced designers, this may
mean that the factors that need to be considered when designing this type of product are
ignored. And in some cases, common product design methods are used, resulting in
unsatisfactory results. From an educator perspective, when teaching the subject to
design students, separate explanations and training on teaching aid categories are
available. To address these issues, this paper defines a framework that defines the
design method of Chinese children’s programming teaching aids.

The main focus of this paper is on programming education for Chinese children.
This delimitation has been imposed in order to put focus on the discussions of the
paper. In terms of culture, regional characteristics may be involved. However, its
contribution may also be relevant for other types and geographical designs.

The remainder of the paper is structured as follows. First, relevant literature on
STEAM education and children’s programming education is reviewed. On this basis,
the paper then proposes a framework on design method of Chinese children’s pro-
gramming teaching aids. Hereafter, the application of the framework is discussed. The
paper ends with final conclusions being drawn.
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2 Literature Review

2.1 STEM and STEAM Education in Children

As the knowledge and capabilities required for solving technological problems have
become increasingly integrated and complex, the capability to apply interdisciplinary
knowledge to solve complex problems is highly needed [1, 2]. In traditional class-
rooms, the preparation of students is unable to solve real-world problems because of
the division of disciplines [3]. In order to address this concern, Integrated Science,
Technology, Engineering, and Mathematics (STEM) education has received wide-
spread attention as a plausible solution for developing a better instructional approach to
aid students in developing capabilities for solving complex real-world problems [4].

With the increasing popularity of technology, people are beginning to realize that in
STEM education, which is full of engineering thinking, children’s learning and cre-
ativity may be stifled. Although design has been a feature of technology education
since the 1990s, its contributions to mathematics and science education have received
less attention particularly in the elementary grades [5, 6]. Regarding the relationship
between art and science, many scholars believe that science cannot be completed
without art, and have long proposed suggestions for integrating art into science [7].
Therefore, the integration of STEM disciplines through design is recognized as an
increasingly important area of research [8, 9]. Integration with other disciplines, such as
art, can help teachers more easily consider the use of technology to encourage young
children’s creativity [10]. In order to do this, a newer acronym called “STEAM”
(Science, Technology, Engineering, Arts, Mathematics) has expanded on STEM and is
growing in popularity [11].

STEAM education originated in the United States. Since the 1990s, it has gradually
become popular in South Korea, Britain and other countries and regions. In 2016,
President Obama unveiled a plan to give students all across the U.S. a chance to learn
computer science [12]. Outside the United States, STEAM education continues to
evolve with its own characteristics in various countries. For example, in Finland, all
elementary students have to learn programming since 2016 [13]. The UK has also
established clear policies and frameworks for introducing technology and computer
programming to young children [14, 15]. In 2015, the Singapore government launched
the “PlayMaker Programme” initiative to introduce technology to young children [16].

In China, with the gradual deepening of education reform, STEAM education has
been promoted wave after wave due to its own compliance with the policy of deep-
ening reform of Chinese education. Children’s programming education in STEAM
education is gradually known. In 2017, the State Council of China issued a notice on
the development of a new generation of artificial intelligence development plans (Guo
Fa [2017] No. 35). The “new generation of artificial intelligence development plans”,
which clearly pointed out that artificial intelligence will become the new focus of
international competition, and it needs to be carried out step by step. The intelligent
education project, that is, the artificial intelligence-related courses should be widely
opened in primary and secondary schools, to promote programming education in place,
and to train batches of compound talents, thus forming a highland of artificial intelli-
gence talents in China [17]. In the era of continuous technological development, new
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terms such as “Internet+”, “crowd space”, and “shared regulation” are constantly
appearing. Chinese scholars have begun to pay attention to how to integrate STEAM
education with these new terms, and children in this new era. New ways to cultivate
innovation ability [18]. In the research database (China Knowledge Network), a
comprehensive study of the current literature of Chinese scholars shows that the current
STEAM education-related research in China is focused on practical research, of which
the research on the construction of the STEAM curriculum system mainly includes
teaching models, methods, strategies, Course design and more [19].

2.2 Children’s Programming Teaching Aid Design

Traditionally, STEAM topics are taught in an ex-cathedra format. In this mode, the
teacher talks and the students just listen. However, the researchers found that under this
mode, students’ learning enthusiasm was not high, and the teaching effect was not
satisfactory. At this time, a project-based learning model (PBL) was proposed to teach
through projects or specific topics. Under this model, teaching aids became an indis-
pensable element.

In PBL mode, teachers frequently choose robotics as a topic for STEAM and PBL
[20]. One of the reasons for the increasing use of robots in education is that robots
stimulate the imagination of children and adults because they look like humans, or they
replace humans when doing different tasks [21]. In addition to more and more research
focusing on the potential of educational robots in the teaching process, we also need to
pay attention to the difficulties and limitations of robot technology in the implemen-
tation of education. Robots are usually complex machines, consisting of many parts
and control modules, including knowledge of mathematics, engineering, science and
other aspects. Therefore, when students are too young or lack relevant knowledge, such
programs are not effective for them. In the choice of robots, one of the most common
methods is to use commercial robot kits. LEGO Mindstorms is a common system of
LEGO Technic blocks combined with sensors, motors and programmable logic blocks,
and is a popular example of such kits [20, 22]. Although such a commercial robot can
be put into use quickly and has a public course description, its fixed and closed
attributes also limit the more possibility of student operation.

In China, it is only relevant research on children’s enlightenment aids, such as the
application of Montessori’s aids theory to children’s enlightenment aids, or the impact
of different aids on children’s visual function [23, 24]. In particular, research on
teaching aids in China is mainly concentrated on the experimental teaching aids in
science subjects in junior and high schools. For children’s teaching aids, it is often
confused with toys, and there is still a lack of research on emerging teaching aids for
children. Nowadays, most teaching institutions in China only introduce foreign pro-
gramming tools such as Scratch to carry out related programming teaching. They have
not studied the innovation, logic and interest of the programming curriculum them-
selves, and the related programming teaching aids are even more varied. Most insti-
tutions choose to embezzle directly from existing foreign products, which is not
entirely suitable for the educational ideas of Chinese children. In general, there are the
following problems exist in the design of Chinese children’s programming aids:
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1. Single form
The current teaching aids market lacks formal innovation in the products of chil-
dren’s programming courses. As long as programming is mentioned, people’s first
idea is often robots. In teaching aids, only different types of robots are used, which
lacks the possibility of application to different carriers and the needs of children of
different ages.

2. Serious homogenization
At present, China’s entire children’s programming education environment has a low
threshold, serious homogeneity, and uniform curriculum. Teaching aids are just stiff
embezzlement. Although some institutions have begun to do research on teaching
aid innovation, they have not really considered the needs of children and different
courses and localization, which is contrary to the original intention of programming
education in “innovation”.

3. Lack of artistry
At present, most educational institutions spend less thought on the design of
teaching aids, but only meet the needs of the curriculum functionally. Especially
neglecting the cultivation of the art part of children. The product lacks artistic
research on colors, forms, and craftsmanship.

In general, in the field of studying STEAM education, the research on the devel-
opment and design of related teaching aids is still in a relatively single environment.
Research scholars focus on how to develop more suitable educational robots to meet
the needs of STEAM education, without realizing the possibility that besides robots,
there are other carriers that can be used as teaching aids. This provides more space for
thinking about the design of the teaching aid method architecture later in this article.

The following section summarizes the basic design principles for the design of
Chinese children’s programming teaching aids through comprehensive field observa-
tions and related literature analysis.

3 Design Principles of Chinese Children’s Programming
Teaching Aids

3.1 Cultural Connotation with Chinese Characteristics

For China, children’s programming education was originally introduced from abroad.
At present, the most important thing is how to create a programming classroom and
programming aids suitable for Chinese children, rather than just copying. As a teaching
aid, it first needs to have educational attributes. In programming aids, scientific and
technological education is essential, and cultural education is also indispensable for
Chinese children. If you want to reflect Chinese characteristics, starting with Chinese
traditional culture is a good starting point for children’s education. The traditional
Chinese symbols in the form and connotation will bring great inspiration to the
designer, and also make the society more and more agree that this is the source of
modern Chinese design [25]. For programming teaching aids, it is necessary to inherit a
certain degree of cultural connotation in traditional culture, extract cultural themes
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suitable for children, integrate with innovative thinking, times, forward-looking and
technology, and keep up with the trend of the times the traditional culture is better
inherited.

3.2 Sustaining Children’s Emotional Needs with Sustainability

According to Maslow’s theory of human needs hierarchy, children’s demand for
products in different periods is analyzed. It can be seen from Fig. 1 that the require-
ments of the initial level of physiology and safety correspond to the basic safety,
practicality, and ease of use of the product. When it rises to middle-level respect and
social needs, it corresponds to the interactivity, entertainment, creativity, and intel-
lectuality of the product. When it reaches the highest level of self-actualization, it
corresponds to the learnability and explorability of the product [26].

The age range for children is defined as 6–12 years [27]. At the age of 6–12,
children are affected by their learning and living environment, their emotions and
personalities are developed, and their sense of responsibility and collective honor
appear. They are more likely to rate themselves based on adult and peer reviews. The
demand for products has begun to rise to intermediate society and the need for respect,
and even the highest self-realization stage. Therefore, in the design of children’s
programming teaching aids, on the basis of meeting the basic safety and physiological
needs of products, more attention needs to be paid to products the high-level needs of
the company are more important in terms of interactivity, creativity, and learnability.
Because of the special nature of programming, the product itself has certain intellec-
tuality and creativity, but at the same time, it is easy to ignore the interaction between

Fig. 1. Maslow’s theory of hierarchy of human needs and product demand for children’s
programming teaching aids
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children in the learning process with peers, teachers, parents and the sustainability of
the product That is, the possibility of continuous exploration and learning.

3.3 Innovative Thinking, Multiple Ways of Fun

The distinction between toys and teaching aids lies in “teaching”, but in terms of
function, teaching aids should also have a certain interest. And for children at this age,
they already have some more complicated psychological and behavioral reactions, and
their attention is improved, but they are single. It is difficult for them to pay attention to
multiple things at the same time or to pay attention to one thing for a long time.
Children’s perception ability is mainly divided into five aspects: sight, hearing, touch,
proprioception, and vestibular sense. Among them, the most basic vision, hearing, and
touch can be used as innovative ideas to attract children’s attention, thereby increasing
the interest of teaching aids. At the same time, in the design process of teaching aids, it
is necessary to break away from the traditional robot-led thinking limitations and
develop the possibility of different carriers.

4 Framework of Design Method for Chinese Children’s
Programming Teaching Aid

This section provides a framework for designers on how to design Chinese children’s
programming teaching aids. The framework is proposed based on the relationship
between the service design concept and the design of children’s programming teaching
aids.

The earliest method of education about STEM education is to integrate construc-
tivism into STEM teaching methods. Constructivism is a theory about how people learn
[28]. It describes learning as a process in which people build their understanding and
knowledge of the world by experiencing things and reflecting on those experiences
[21]. Based on this, Papert [29] proposed a constructivist learning theory based on
which students learn meaningfully when they construct actual physical objects that are
meaningful to them and can be shared with others (such as friends or parents). In
simple terms, students can learn by doing things instead of listening. This form can
stimulate students’ enthusiasm and deeper understanding of the topic at hand [30].

In the development of constructivist learning theory, an integrated STEM education
method was proposed. Integrated STEM education is a teaching method where students
can participate in engineering design and/or research. And they can experience
meaningful learning through the integration and application of mathematics, technol-
ogy and science [31]. The theory of integrated STEM is an in-depth exploration of
constructivist learning theory from a certain point of view, and it is also the teaching
method advocated by ordinary classrooms at present.

By understanding the constructivist learning theory and integrated STEM educa-
tion, you will find that they have one thing in common, emphasizing the degree of
student participation in the learning process, and more emphasis on interaction in
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learning. And this kind of interaction needs teaching aids as a medium to achieve the
purpose of improving learning effects. Such a statement has something in common with
the American scholar Sampson’s definition of service as an activity aimed at achieving
the interests of customers as the work purpose of the provider [32]. Therefore, this
article links the design of STEAM teaching aids with the concept of service design. In
China, this concept was first introduced by Xin Xiang yang, who believed that service
is often a service provider’s professional expertise, material or time resources to
achieve the task or experience goal of the serviced person. Therefore, service design
can be summarized as an activity for the benefit of others.

Most of the STEAM education is presented in the form of courses. For the courses,
it can be defined as the activity of the teacher to provide resources such as professional
expertise and time that he has mastered to achieve the goal of obtaining knowledge for
students. This definition is consistent with the philosophy of service design. In STEAM
education, the children’s programming curriculum is different from the traditional
curriculum. The children’s programming curriculum pays more attention to the stu-
dents’ own practical experience and experience goals. There are similarities between
the “student-oriented” and “people-oriented” of service design for children’s pro-
gramming courses. The introduction of the service design concept can provide a set of
operable methods and processes for the design of children’s programming teaching
aids.

Cao Jianzhong and Xin Xiangyang started from the “five-in-one” theory of
American rhetoric Kenneth Burke in the 20th century, and summarized people, action,
purpose, scene, and media into the five basic elements of service design, and built a
foundation Five-element service design framework (Fig. 2) [33, 34]. Although these
five service design elements have their own points, they are also like the five fingers of
a person. They are related to each other and indispensable, and together form the basic
framework of service design. Based on this framework, the five elements corre-
sponding to children’s programming courses are students and teachers, teaching aids,
maker space and classrooms, and the integration, learning and practice of various
disciplines in STEAM. In this way, a framework for children’s programming cur-
riculum design based on the five elements of service design is constructed (Fig. 3).
Under this framework, the service design concept is integrated into the children’s
programming curriculum system. The relatively vague children’s programming cur-
riculum system has become five variables that can be clearly grasped in actual oper-
ation, and the corresponding five problems. Corresponding to this framework, it can be
clearly seen that the curriculum teaching aids mainly studied in this article belong to
one of the five elements, and the other four elements are the variable factors that affect
the curriculum teaching aids. Based on the relationship between the four variable
factors and the common factor, the children’s programming course is summarized. The
design framework of teaching aids, and proposed a new model of “children-
technology-traditional culture-children” can be recycled (Fig. 4).
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Fig. 2. Five elements based service design framework (2019)

Fig. 3. Design framework of children’s programming curriculum based on five elements
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4.1 Using Crowd Analysis

“People” is the most important factor in service design and children’s programming
curriculum design, as well as in teaching aid design. Therefore, when facing the design
of children’s programming teaching aids, the first consideration is the use of the crowd.
The definition of children has been mentioned in the previous design principles. It is
positioned at the age of 6–12, and the development of children’s sensory integration
ability. In terms of characteristics, children can be divided into two stages, 6–8 years
old and 9–12 years old.

After the use of the population is determined, the physical and psychological
characteristics of the target population need to be analyzed. 6–8 years old is an
advanced sensory integration stage for children. Children already have some compli-
cated psychological and behavioral responses, and their language skills have improved.
The development of physical muscles has significantly improved children’s athletic

Fig. 4. Children’s programming curriculum design framework
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ability, and they can participate in a variety of labor and games in their studies and
lives. Children have a certain amount of attention but are single, and it is difficult to pay
attention to multiple things at the same time [35]. Children aged 9–12 transitioned to
youth, and their sense of independence began to increase. At this stage, children are no
longer satisfied with the knowledge obtained simply from textbooks, and have begun to
continuously explore the mysteries of society and nature. At this time, the children’s
emotions fluctuate greatly, and it is easy to be impulsive in handling transactions [36].
Relevant experiments show that from the analysis of the auditory, tactile, vestibular,
visual, and proprioceptive abilities of sensory integration ability, vision is one of the
strongest aspects of children’s perception ability.

4.2 Pick the Right Carrier

After determining the target population of the product, and the psychological and
physiological characteristics of the target population, it is necessary to select a suitable
carrier. The choice of the carrier is closely related to the use scene. Most of the existing
children’s programming teaching aids are only for class learning, and ignore the
communication and interaction after class. Li YiRu and others [37] have shown in their
research that the development of the STEAM curriculum has gradually changed from
constructivism to pragmatism, humanism, and utility. Yuan Lei [38] even pointed out
that the emergence of STEAM education neglected the close connection between
students ‘internal spiritual development and social practice activities, resulting in stu-
dents’ weak social responsibility and social utilitarianism. Various research results also
show that the use of children’s programming aids should no longer be limited to the
classroom. The use of teaching aid carriers should be extended to life, and increase the
frequency of communication between children and their peers, parents and even
society. So that STEAM education can improve children’s core literacy in a true sense.

4.3 Analyze Product Use Processes, Corresponding to Subject
Knowledge and Components

After selecting the suitable carrier, in order to make the teaching aids truly achieve the
purpose of disciplinary integration, it is necessary to study the process of using
teaching aids and correspond the process to the subject knowledge of STEAM edu-
cation. STEAM education is based on the interdisciplinary knowledge fusion, shifting
the focus of the problem from a single subject to a specific problem, and using
mathematical, scientific, engineering, art, and technical content and knowledge to solve
the problem, so as to achieve subject integration and improve knowledge Apply effects
[39]. For multi-disciplinary integration, component teaching aids can be used to
encourage children to make teaching aids from scratch in the form of material pack-
ages. The use of each component corresponds to the knowledge system of different
disciplines, combining problems with surrounding environments and materials.
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4.4 Expand Artistic Design

Artistic design is a key factor ignored by most programming teaching aids in China.
Most programming teaching aids are transplanted imitations. Simply copying the
development experience of other countries will hinder the speed and quality of China’s
basic education curriculum reform [40]. From an artistic point of view, China has a
history of 5,000 years, and its culture has been passed down. Excellent traditional
culture is the essence that every citizen of China should learn and inherit, which also
provides unique inspiration to the Chinese design field source. For educational products
such as children’s programming aids, traditional cultural elements can be incorporated.
Extracting the artistic image from traditional culture and designing the appearance and
function of children’s programming aids will help the integration of technology and
culture and allow children to feel the influence of traditional culture in a subtle way. At
the same time, we can better explore a road of reform and development of STEAM
curriculum with Chinese characteristics and Chinese characteristics.

4.5 Integration and Productization

All products need to go through the process of integration and productization from the
final production to sales and use, and the factor of learning and practice in the design of
children’s programming courses is closely related. The final integration and produc-
tization process is the most critical for the design of children’s programming teaching
aids. The design of safety for children’s products is very important. At present, many
products may have security risks. For example: the small parts on the product are easy
to be accidentally eaten; the sharp edges of the product are easy to be cut during use;
the use of unfriendly materials or the presence of harmful gases in the production
process of the product will cause certain effects on children’s bodies. For teaching aids,
the frequency of use will be greatly increased, so the final design of children’s pro-
gramming curriculum teaching aids needs to be optimized for safety to ensure safety
during use.

5 Application of the Framework

The design process of “Zodiac Signs” programmable night light is the application of
the framework as described above. They are a series of teaching aids for children’s
programming courses to help students master programming knowledge in the class-
room better and understand the Chinese traditional cultural knowledge of the Zodiac
signs.

According to the children’s programming teaching aid design framework described
above, the specific design flow of the “Zodiac Sign Night Light” is shown in Fig. 5. First
the target population is determined for children who are 6–12 years old. 6–12 years old
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children have gradually complicated psychological and behavioral responses, and their
consciousness of independence have gradually increased. They have begun to explore
knowledge outside the curriculum. Visual perception is the strongest ability of sensory
integration, thus the lamp is selected as the carrier of teaching aids. It then analyzes the
use of processes, and the subject knowledge corresponding to the three steps of
assembly, programming and completion during the course teaching, which integrates
knowledge in four fields: technology, mathematics, engineering, and art. In terms of
product appearance optimization, the Chinese zodiac, one of the most classic traditional
cultures, is used as the source of design form. The zodiac is a symbol that accompanies
each person’s life, and because the image of the animal is a child’s favorite element, the
image of the zodiac is re-created, combining material characteristics, and combining
modern design styles to form a set of teaching aids (Fig. 6). Finally, the product details
are integrated for security, and finally a box (Fig. 7) is formed to cooperate with the
course teaching.

The “Zodiac Night Light” is mainly divided into two parts: one is the lamp surface
and the other is the base. The size of the lamp surface is controlled in a rectangle of
133 � 196 mm, a 5 mm thick acrylic plate is used, and the base is a 145 � 60 � 43
oval column. In the design of the lamp surface, the zodiac image is merged with
modern design elements to simplify the redesign. At the same time, the design of the
supporting knowledge card (see Fig. 8). While learning scientific knowledge, children
also learned about the Chinese zodiac. The entire set of boxes requires children to
follow the course step by step. The use process is divided into three steps: assembly,
programming, and completion. There are 5 lessons for teaching, of which the two steps
of programming and completion are cyclic. The assembly part is to take out the
material package and assemble the light strips. This step allows children to learn circuit
knowledge. It belongs to the first two lessons of the supporting course teaching. They
learn the circuit knowledge and their own actual operation to realize the function. It
involves STEAM education “Engineering”. The second part is the programming part. It
is for children to learn programming knowledge. They can design the frequency, form,
and brightness of the lighting. It belongs to the three or four class hours of the sup-
porting course teaching. It is the teaching of programming knowledge and the practice
of children’s personal skills The STEAM knowledge involved in this part is “Tech-
nology”, “Mathematics” and “Art”. In the last part, the children design their favorite
lights. In one lesson, the design is completed to achieve the final effect, which corre-
sponds to “Art”. The use process can enable teachers and children to interact well in
teaching and can also be used in family teaching, increasing the interaction between
children and parents.
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Fig. 5. “Zodiac” programmable night light design process
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Fig. 6. Chinese Zodiac Night Light

Fig. 7. Zodiac sign night box
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The design of teaching aids using the design methods for children’s programming
aids summarized in the previous section also conforms to the design principles of
children’s programming aids. The traditional culture of the “twelve zodiac signs” is
incorporated into teaching aids, which influences children’s cognition in a subtle way,
so that children’s programming teaching aids have cultural connotations with Chinese
characteristics. The use of lamps as a carrier conforms to the principle of sensory
integration ability mentioned above. For children, visual perception is the strongest of
the five aspects of sensory integration. It is feasible to continue to attract children’s
attention with lights. The broken traditional design thinking of programming teaching
aids is in line with the principle of innovative thinking and fun multi-exploration
channel. Because the brightness and darkness of the light and the frequency of change
can be designed and implemented by the children themselves, the exploration of the
product is enhanced. Children’s own initiative to develop different possibilities, which
meets the highest point of children’s emotional needs-self-realization, in the learning
process, allowing children to actively explore and learn is a point that needs to be
considered in the design of teaching aids, which is in line with emotions The principle
of demand. The carrier of lamps also increases the use of products, making teaching
aids not only limited to classrooms, but also used in homes, activity spaces, etc., which
increases the entertainment of the product and improves the sustainability of the
product.

6 Conclusion

This paper has proposed a framework for designers to design children’s programming
teaching aids. Based on the literature review, this paper first defines the differences
between teaching aids and toys and products to distinguish the unique attributes of
teaching aids. Next, analyze the current status of the design of children’s programming
teaching aids (covering disciplines, vectors, and functions), and summarize the existing
problems, and propose design principles for Chinese children’s programming. Here-
after, the constructivist learning theory and integrated STEM education used in STEM
education have been extended to service design concepts, and the analysis of the
children’s programming curriculum system from the perspective of service design has
an inseparable relationship. By combining the concept of service design, a set of

Fig. 8. Zodiac knowledge card (front and back)
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frameworks for the design methods of children’s programming teaching aids has been
developed.

The literature research conducted did not lead to the universal use of methods for
designing teaching aids for children. This is very important, because the cultural gap
between countries, education methods, and other factors affect the design of children’s
programming teaching aids has its advantages and limitations.

The proposed framework illustrates a general approach to designing children’s
programming aids. Using such a method helps to better understand the function and
applicability of teaching aids. On this basis, the paper argues that design students (and
designers) would benefit from acquiring skills that will enable them to apply targeted
design methods to designing children’s programming aids. Therefore, the framework
may be a useful starting point for teaching design methods for design educators.

As this article proves, designers’ mastery of design methods for children’s pro-
gramming aids involves many aspects of design research. Considering the perspective
provided by the framework on the concreteness of the curriculum concept, future
research may use the framework as a pointer to different design topics for further
exploration and to organize and connect existing insights related to design methods.
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Abstract. In the first years of a university degree it is very important to
maintain student motivation in order to avoid possible risks of early dropout. To
this end, the design of practices focused on the improvement of transversal
competences such as Teamwork and Oral Communication allows students to
make more motivating progress in their specific knowledge. At the same time,
students improve in skills that are highly recognized and required in the pro-
fessional world. The practical awareness of the student’s level and the current
context of hybrid teaching (face-to-face and virtual) derived from the pandemic
increase student motivation to improve these competences. These skills are
based on work in specific subjects and in a way that is independent of the type of
degree/studies being studied, with a homogeneous profile at a national level.

Keywords: Team work � Oral communication � Improving competences �
Motivation � Educational data analytics

1 Introduction

The first years of an undergraduate programme are usually generic courses where
students are trained in the basic concepts of specific subjects. The heterogeneity of the
entry profiles [1–3], which is at present even harder due to the closing of the pre-
university cycle in a pandemic context with virtual training, can lead to a decrease in
student motivation, which is a fundamental parameter in their follow-up and interest [4,
5]. In this sense, one approach to mitigate the initial impact of undergraduate studies
may be to design the most introductory subjects, activities and/or practices focusing on
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generic competences. This may help to increase the student’s motivation to study,
which directly correlates with an increase in academic performance [6–10].

The present research focuses on analysing, in three different degrees (Law,
Architecture and Building Construction, and Engineering), how activities focused on
the improvement of such important generic competences as Teamwork and Oral
Communication, transversally worked on to the specific competences, can help to
improve students’ motivation. This progress will not only be limited to their specific
studies, but also in autonomy, as they will become more aware of their learning of these
competences. In order to ensure that future graduates have a better and broader labour
market insertion, this type of transversal -or generic- competences require initial
training that is progressively incorporated into all subjects, enabling the student to
achieve the best possible skills [9, 11, 12].

On the basis of the design and implementation of a standardised rubric for the
competences described as well as the use of a standardised instrument for measuring
motivation, the research presents the three activities designed and the exploratory
results obtained on the basis of the students’ answers to two questionnaires, one before
the practical experience and the other at the end.

2 Theoretical Framework

2.1 The Relevance of Generic Competences: Teamwork
and Communication

Employers are considered a very important stakeholder in the university context. One
of the goals of the degree programmes is the employability of their students. Therefore,
the competences-based curricula will have to consider how they perceive the profile of
the graduate who enters their organisations to work [13–16]. Competences such as
Teamwork and Communication have been identified as key in student empowerment.
To ensure this, it is essential to motivate students and to start their training from an
early stage and in a transversal way to their more specific training.

Employers in our universities have been pointing out for several years that students
are graduating without sufficient development of these competences [11], which is an
obstacle to their employment insertion. Even those students with brilliant academic
records often have poor communication and interpersonal skills and prefer the control
provided by individual work to the potential offered by teamwork.

Consequently, in this project we decided to develop an educational pill on
Teamwork that could be used either separately or together with instructions to improve
the student’s communication skills. The aim was to share it with first-year students so
that, from the very beginning of their university studies, they would be aware of the
enormous potential of teamwork, based on synergies, as well as of the keys that favour
its effectiveness. The underlying idea is that teamwork must be carefully nurtured from
the beginning of the group’s formation to its final evaluation process [17]. Its imple-
mentation has been carried out in different universities and degrees through a group
work in a subject.
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Three levels of mastery can be distinguished in this competence [18]. The first,
which has been considered appropriate for first-year students, refers to the responsi-
bility that team members must show in completing tasks on time and in giving priority
to the team’s objectives over individual interests. The second and third levels, which
would be left for higher courses, relate, respectively, to participation and involvement
in the team’s objectives, ensuring a good climate, and to team leadership.

It was then decided to formulate the generic competence Teamwork, in its first
level, as “Actively participating and collaborating in team tasks and promoting con-
fidence, cordiality and focus on shared work” [18]. The educational pill is designed to
be delivered in five phases, following the Learning Model of the University of Deusto
[19]:

• Contextualisation. In this stage, students are asked to identify their previous
experiences in teamwork in order to build on them. According to the design of the
pill, the students presented their testimonies about positive and negative experiences
in Teamwork.

• Reflective Observation. The aim is to promote reflection through the formulation of
questions on the subject being dealt with. In the didactic pill, an extract from Alan
Turing’s film, Enigma Code, was presented, from which the students were asked to
express their reflections by asking questions.

• Conceptualisation. This stage was developed in a teacher-led conversation, in which
the key factors that condition the effectiveness of teamwork, such as the size of the
group, the roles of the members, the communication skills, the attitude, the conflict
resolution or the decision-making process, were explained.

• Active experimentation. Students were asked to follow the established guidelines
for the group work assigned in the subject.

• Evaluation. Assessment was introduced in several moments. The first one was an
initial assessment, based on the students’ perception of the development of this
competence; the following ones were throughout the team work, as teachers
monitored students through tutorials and, finally, after the delivery and presentation
of the work, students were asked to answer a final assessment questionnaire.

To assess the competence at the chosen level “Actively participating and collab-
orating in team tasks and promoting confidence, cordiality and focus on shared work”
the following three indicators were chosen:

• Completes assigned tasks within deadline as group member
• Participates actively in team meetings, sharing information, knowledge and

experiences
• Collaborates in defining, organising and distributing group tasks.

To measure progress on these indicators we used the evaluation rubrics that can be
seen in the results section. These rubrics describe the behaviours associated with each
rating in each of the indicators.

On the other hand, we have been learning to speak since we were children. As
adults, we usually think that we can communicate effectively. Nevertheless, it is easy to
prove without much effort that this assumption is not right. We believe that when we
talk to others we are being understood in what we want to say but daily experience -
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both at home and at work- shows us that there is usually a big difference between what
we try to convey and what is understood [20].

A presentation is effective if it is designed and prepared to tell not just a story but
something specific to a specific public. Therefore, it is necessary to have information
about the audience in a way that allows us to clearly and specifically define the
objective of the communication, without forgetting its design and its redaction.

Oral communication competence means being effective in transmitting ideas,
knowledge and feelings through words, both in conversations and in group activities of
any size. It is easy to find people who have a passive attitude, even in situations that
require your active participation. The causes of such behavior should be sought in
psychological factors, such as extreme shyness or a complete lack of self-confidence.
This type of people can also have problems associated with rambling, and an unclear
expression that hinders and even prevents the understanding of others. In their com-
munications there may be a lack of structure, contradictions between what is expressed
in words and what is transmitted through the body language, or even poor examples
and means of support that are inappropriate for what is said or to whom it is said.

At the opposite end we find people who dominate this competence, that is, people
who speak clearly. A well-structured speech adapted to the audience, a body language
that agrees with the message and a good tone of voice and means of support, generate a
better general ability to communicate effectively what you want to transmit. Therefore,
we are talking about a better education of the person in today’s society mediated
around communication.

On these bases, it was decided to formulate the generic competence Oral Com-
munication at its first level of mastery as “Expressing own ideas in a structured,
intelligible way, participating opportunely and significantly in informal, formal and
structured conversations and discussions” [18]. The educational pill was designed to be
delivered in different phases, following the University of Deusto Learning Model [19].
In this case study we have focused on the following three indicators:

• Conveying important information.
• Delivering structured talks meeting any specified requirements that may exist.
• Using visual aids in giving talks.

2.2 The Student’s Motivation in the First Undergraduate Courses

Numerous studies show that students entering universities today are very different from
the students who are now teaching them both in terms of previous skills and in terms of
attitude and motivation to acquire new ones. This leads universities to consider the
need to take into account students’ own characteristics and opinions in order to enable
them to succeed in their studies [21]. Motivation-enhancing aspects include method-
ologies for maintaining their attention, which must be active [22] to substantially
improve students’ performance [23]. And according to Partanen’s studies [24], this
improvement is even greater with direct interaction with peers and teachers. In other
words, although students may initially be reluctant to work in teams and fearful of
presenting their ideas to their peers, the development of these competences improves
not only their motivation but also the final experience and results.
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In this project we have taken the MUSIC® model (eMpowerment, Usefulness,
Success, Interest, and Caring) [25, 26] as a reference. This model considers the different
variables that can influence motivation, both those considered as positive -which
produce an increase- and those that prevent dissatisfaction. It also considers the role
played by the different agents, such as the university-faculty and the teachers, and the
intrinsic factors of the students themselves, such as whether or not they like the
challenges and tasks assigned to them.

This model consists of different questionnaires. We have chosen the one most
appropriate to the context and, within this, the questions that have been considered
appropriate to the experience to be developed, as well as the guidelines for its
implementation. The purpose of this questionnaire is to measure the students’ per-
ception based on a number of variables related to the motivation of the activities to be
carried out. The aim is to identify strengths and weaknesses of the educational actions
from the point of view of student motivation and commitment.

The questions that have been chosen take into account the student’s perception of
the usefulness of the activities and the importance of the knowledge acquired for their
future, their ability to do them successfully and to obtain a high grade, the attrac-
tiveness of the teaching methods used, the enjoyment they will derive from the
activities, their control over the activities, and the role of the teacher’s attitude in their
performance. The parameters obtained are quantitative and widely validated, although
the model stresses that they should be considered independently.

3 Experimental Framework

3.1 Case 1: Group A, Law Degree

The project has been carried out in the subject Introduction to Economics, which forms
part of the Basic Training module of the first year of the Law degree. The educational
pills designed to improve motivation, as well as the generic competences of teamwork
and oral communication have been “transversalized” to a subject-specific competence.
The aim of this specific competence is to interpret the major current economic prob-
lems articulated through the Sustainable Development Goals (SDGs), in order to
identify the economic facet that impregnates the current socio-political-humanitarian
reality and its consequences [27].

The subject is taught in the first semester, so the group of students is new to the
university and comes from different centres and places. Their previous experience of
working in a team, their previous training in oral communication and their motivation
are very varied. The curriculum assigns the first level development in the Generic
Competence of Teamwork to this subject, so it has been the axis around which both the
Oral Communication pill and the motivation study have pivoted. Firstly, the students
were given a questionnaire asking them to self-assess their initial level of motivation, as
well as their initial level of development of the two Generic Competences. For this
purpose, they were offered the indicators designed for the evaluation of the compe-
tences, with their descriptive rubric of evident behaviours.

Auto-Assessment of Teamwork and Communication Competences 197



The Teamwork pill was presented and put into practice on several consecutive
days. After a first meeting in which some students’ testimonies of their good and bad
experiences of teamwork were shared, students’ roles were identified and groups were
formed, taking care to include one student with each predominant role. Key issues of
teamwork were shared in a participatory way through a classroom discussion method.
The teacher then presented the document with the instructions for the work on the
SDGs to be carried out as a team. The students met in their groups for the first time to
agree on the logo and the motto that identified them. Then they proceeded to carry out
the work according to the instructions. Once the work had been completed and before
the oral presentation, the teacher presented the Oral Communication educational pill,
also addressing issues related to non-verbal communication.

The oral presentation of the group work took place in the classroom. As they went
along, the students received feedback from the teacher pointing out the strengths and
weaknesses found in their communication. After the experience, the students filled in a
final evaluation questionnaire in which they re-assessed themselves on motivation,
teamwork and communication. The results are very satisfactory as they show a better
perception of their motivation and development of the competences worked on.

3.2 Case 2: Group B, Architecture and Building Construction Degrees

In the School of Architecture, the experience has been carried out in the “Aula BCN”
activity, a cross-cutting activity in the first year that is developed through three exer-
cises with the participation of all the subjects. Specifically, the activity presented here
was the first of the course, carried out as an introductory visit to the Borne district of
Barcelona with the participation of the subjects of Construction, History, Graphic
Expression and Computer Tools [28, 29].

The main objective of the activity is the proposal to open one’s eyes, learning how
to look, and how to represent the imbalances that burst into space. Listening to what is
out of place, it is easier to analyze the agents involved and their ways of relating,
revealing with them the factors involved in architecture. Through a historical and
constructive look, under a graphic representation, the aim of this exercise is to explore
and communicate the “violated intimacies” of Passeig del Born and its surroundings,
where the church of Santa María del Mar, the Borne Market and the “Fossar de las
Moreres” are located, as well as the interesting urban axis, from the historical and
constructive point of view.

The visit took place one month after the start of classes, so that the groups of three
or four students (freely grouped) could get to know each other and work in a coor-
dinated way according to their presence (bearing in mind that the students can follow
the course both face-to-face and online). Prior to the visit, subject-specific training
sessions were held, as well as a session on how to improve training and motivation in
the generic competences of Teamwork and Communication that are going to be worked
on. They were also asked about their perception of their level of preparation for
teamwork, their communication skills and their motivation to improve in these aspects.

The practice focuses on making a video (.mp4) of 5 min’ maximum, where,
through different chapters, the “violated intimacies” in the location identified and its
surroundings must be shown. The video has to explain in 5 chapters the critical view of
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the architectural and urban space of Paseo del Born. During the visit, the keys to look
and analyze the space will be given. The visit will have enough time to clarify doubts
and open a debate. Each chapter of the video will try to record the “violated intimacies”
of the space through 5 items: in relation to a specific PLACE of the visited space
(building or urban environment); in relation to a CONCEPT that appeared in the
comments of the visit (beauty, inhuman, fear, absence, transparency, liquid …); in
relation to an IMAGINARY related to some reality of Passeig del Born (social
imaginary of progress, of traditions and beliefs…); in relation to a WILL represented in
some spatial intention (in this sense, the “violated intimacies” will be affected by this
“will”, understood as the human capacity to freely decide what is desired and what is
not); and in relation to a specific FUNCTION of a visited space (commercial, religious,
family, symbolic, etc.). The audiovisual must be able to tell the “violated intimacy”
without being explicitly explained but using the poetics of audiovisual language as a
way of communication. Only if the chapter has an audio of a narrative nature based on
a fictional, a real story an interview or a thought as a revealed private diary, will be a
narrator allowed.

Audiovisual language is totally free since it is itself a creative act justified by
communication skills. In this sense, the use of archive and/or real images, both pho-
tographic and drawing or reference, as well as audios recorded in situ, interviews,
songs or manipulated sounds is something that is part of creativity, and also the ability
to communicate and to analyze the work. Not only it is an exercise with a deep and
interesting analysis at the spatial level expected, but also with a clear intention of
development of the creativity and communication skills.

In order to carry out the evaluation, they were provided with the rubric used in the
previous training, and in addition to the video, they were given a template to fill in with
the distribution of tasks and the communicative script of the video. On the basis of the
video and the filled-in template, all the videos were viewed and commented by both the
teachers and the rest of the class, before the final survey was carried out.

3.3 Case 3: Group C, Engineering Degree

In the Faculty of Engineering, the experience was carried out in the second-year subject
of Electronics, as part of the double degree in Design+Mechanics. In the first weeks of
this subject, various competences were worked on as a basis for the final project, where
the pills designed to improve the transversal competences of teamwork, communication
and increased motivation were put into practice.

This is a second-year subject with only 18 students. The group already knew each
other, as they had previously worked on other projects. There were no problems with
oral communication that usually occur in earlier groups. However, the biggest chal-
lenge in this subject tends to be that of motivation. Being a double degree, the ori-
entation of each student may be more towards one degree or the other, and some
students consider Electronics to be “out of place”.

As a first step in the experience, students were asked to answer a series of questions
about their previous experience of teamwork and co-communication, as well as to
position themselves on the motivation with which they started the assignment. They
were then asked to divide into three teams to work on the two competences and the
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motivational element. The division was free and the reasons for opting for one team or
another could be diverse: to know the subject in more depth, to feel some interest, to
find it more difficult… On this basis, they had to draw up a collaborative document
shared with the rest of their colleagues in which they would list difficulties, advantages,
disadvantages and guidelines for teachers and students to improve oral communication
skills, teamwork, or to increase motivation when carrying out a project.

The resulting document had to be agreed upon by the team working on it. This
began in a class hour guided by the teacher and had to be completed outside the
classroom. After the students’ previous elaboration, the teacher made the pills prepared
for the experience available to them, and the different teams contrasted their infor-
mation, completed, modified, etc. until they reached a consensus again, among
themselves and with the teacher. The final documents were explained to the class as a
whole by the teams themselves, and they all agreed on the guidelines, recommenda-
tions, procedures, forms of action and evaluation to be applied during the project,
which they would begin to develop in the following session.

The composition of the teams for the project was different and was carried out
according to the guidelines that they themselves had set. The project itself was also
developed according to their rules, and once it was finished, it was presented to the rest
of the classmates, taking into account their recommendations. Likewise, the teacher
respected the agreement on the distribution of the group mark.

After the presentation, in the same session, the students were invited to re-fill in the
second part of the questionnaire, in order to get their perception of their evolution in
terms of teamwork and communication, as well as their motivation for how the
experience had developed. In their answers, a clear overall improvement can be seen in
all of them.

4 Results

4.1 PRE-Questionnaire

Before each group experience was carried out, a session was held to explain how to
work in a group and what actions are necessary for effective communication. The aim
of this session was to familiarise students with the rubric system used in the assessment
of teamwork and communication competences, according to the proposal developed at
the University of Deusto. As it can be seen from the proposal, competences are usually
assessed at different levels of mastery and with different indicators for each level. In our
approach, and given that we were working with first-year undergraduate students, we
selected the first level (out of three) for each competence. We also selected half of the
indicators referred to in this level, selecting the ones that were transversally suitable for
the three study groups and adapted to the activities designed.

The three indicators surveyed in relation to teamwork competence (TW1, TW2, and
TW3) and their rubric (based on five levels) are:

• TW1: Performs the tasks assigned to you within the required deadlines.
– R1_TW1: I don’t fulfill the assigned tasks
– R2_TW1: I partially fulfill the assigned tasks or delay in their delivery
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– R3_TW1: I give in time the tasks assigned to me
– R4_TW1: The quality of the task I perform is a remarkable contribution to the

team
– R5_TW1: In addition to fulfilling the assigned task, my work guides and

facilitates that of the rest of the team members.
• TW2: Actively participate in the team’s meeting spaces, sharing information,

knowledge and experiences.
– R1_TW2: Into the group work I am easily absent and my presence is irrelevant.
– R2_TW2: I intervene little, rather at the request of others.
– R3_TW2: In general, I am active and participatory in group meetings.
– R4_TW2: With my interventions I promote the participation and improvement

of the quality
– R5_TW2: My contributions are fundamental to both the group process and the

quality.
• TW3: Collaborates in the definition, organization and distribution of group tasks.

– R1_TW3: I show resistance to the organization of teamwork.
– R2_TW3: I merely accept the work organization proposed by the other members

of the group.
– R3_TW3: I participate in the planning, organization and distribution of

teamwork.
– R4_TW3: I am organized and I distribute the work effectively.
– R5_TW3: I Promote a work organization by leveraging the resources of team

members.

The same procedure was followed for the Communication competence. The three
common indicators applicable transversally to the experience (CC1, CC2 and CC3)
were selected on the basis of a five-level rubric:

• CC1: Transmission of relevant information.
– R1_CC1: I express myself in a poor or confusing way.
– R2_CC1: I present some basic ideas.
– R3_CC1: I explain fundamental ideas.
– R4_CC1: I communicate clear reasons and/or values/attitudes.
– R5_CC1: I stand out for clarity in my communication of reasoning and/or

feelings.
• CC2: The presentations are structured, meeting the required requirements.

– R1_CC2: My presentations have a lack of intelligible structure.
– R2_CC2: The structure of the presentation is not effective, or does not meet the

requirements.
– R3_CC2: The presentation is structured, meets the required requirements, if

defined.
– R4_CC2: I link ideas and arguments easily.
– R5_CC2: I make a very effective and organized communication.

• CC3: Media support in presentations.
– R1_CC3: I do not use the required or reasonably necessary systems of support.
– R2_CC3: The media support is not appropriate for presentation.
– R3_CC3: I use required media support or reasonably necessary.
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– R4_CC3: The use of media support helps the audience to be placed in the
speech.

– R5_CC3: The use of media support makes it possible to emphasize the keys of
the communication.

Once each exercise and the two competences to be worked on had been presented,
the students were asked about their current degree of perception for each of the indi-
cators (for both TW and CC), as well as which of the different indicators they perceived
as having the greatest possibility of improvement with the proposed work. Finally, in
the same questionnaire, students were asked about their degree of motivation with
respect to the proposal, in this case using a reduced sample of questions based on the
MUSIC [26].

The first step in the analysis of the results of the PRE-questionnaire was to compare
the responses in order to analyze the degree of homogeneity between the three groups
in the experiment. To this end, the arithmetic means of the answers related to the degree
of training in group work competence, communication competence and MUSIC were
compared. PRE-questionnaire average scores are similar in all groups. To estimate the
probability that groups were significantly similar, we used the Student’s t-test (Gosset,
1908), using a null hypothesis (H0) that there were no differences in scores between
groups (see Table 1).

Due the results, which exceed the threshold of p = 0.05, which means that there is a
very low probability that the groups are different in their skills and previous training
about their level of competences and motivation. The null hypothesis, which states that
there are no significant differences between groups, is accepted.

Focusing on the results on the students’ previous level of teamwork competence,
the results obtained were (see Table 2 for TW and Table 3 for CC):

Table 1. Statistically significance (Two-tailed) - p

Compared groups TW CC MUSIC

A-B 0,1609 0,0513 0,7774
A-C 0,7547 0,4358 0,1296
B-C 0,1855 0,2285 0,2798

Table 2. TW average results by group and its Standard Deviation (SD) for each teamwork
average indicator in the PRE-Questionnaire (n = sample by group).

Group n TW1 SD TW2 SD TW3 SD

A 26 4,19 0,69 3,50 0,65 3,77 0,65
B 19 3,88 1,16 3,56 0,30 4,07 0,70
C 14 3,93 0,73 3,64 0,63 4,07 1,00
Global 69 4,00 0.86 3,57 0,53 3,97 0,78
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Analysing firstly the results of TW (Table 2), we can clearly observe that, in
general, students rate themselves as highly skilled (with values of around 4/5). The
TW2 indicator stands out as the one with significantly lower values than TW1 and
TW3 (3.57/5) for all the groups in the study. As we will see later (Table 6), TW2 is
explicitly identified as an aspect to be improved in groups B and C, and also in group
A, but in the same way in this case as TW3.

The results of the CC indicators show a greater homogeneity in the three groups.
With an average value centred on 3.85/5, no indicator in any group exceeds the limit of
4/5 and the potential for improvement is distributed between CC3 and CC1 depending
on the groups, as we will see in the comparison with the results after the experience.

The results of motivation will be analysed comparatively in Sect. 4.3, but in order
to be able to compare the results after each educational pill, we can see a quite similar
prior development of the students at a competence level, with a significant potential to
improve the indicators and a proactive attitude in all the groups.

4.2 POST-Questionnaire

Once the different educational pills (explained in Sect. 3) had been carried out, and
after the corresponding delivery of each case, a POST-questionnaire was conducted. It
followed the same study parameters as the PRE-questionnaire, but with a broader
question in the specific case of the evaluation of teamwork: for each initial indicator, a
homonymous question was added about each student’s perception of the work carried
out by the rest of the members of the team. In this way, the questions presented were as
follows:

• TW1_a: I have performed the assigned tasks within the group within the required
time frames.

• TW1_b: In general, my group members have carried out the tasks assigned within
the group within the required timeframes.

• TW2_a: I have actively participated in the team’s meeting spaces, sharing infor-
mation, knowledge and experiences

• TW2_b: In general, my group members have actively participated in the team’s
meeting spaces, sharing information, knowledge and experiences

• TW3_a: I have collaborated in the definition, organization and distribution of group
tasks.

• TW3_b: In general, my team members have collaborated in the definition, orga-
nization and distribution of group tasks.

Table 3. CC average results by group and its Standard Deviation (SD) for each teamwork
average indicator in the PRE-Questionnaire (n = sample by group).

Group n CC1 SD CC2 SD CC3 SD

A 26 3,96 0,77 3,85 0,67 3,88 0,82
B 19 3,93 0,78 3,71 0,44 3,76 0,36
C 14 3,86 0,86 3,57 0,51 3,86 0,95
Global 69 3,92 0,81 3,71 0,54 3,84 0,71
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The results obtained were as follows:

As can be seen, up to 6 averages (marked in bold) have improved with respect to
the initial survey, highlighting TW2 with positive increases for all study groups. It
should be remembered that this indicator was identified as the one with the lowest
initial preparation by all the groups, and also as the one with the greatest potential for
improvement. Its increase is significant (p = 0.003), since after the educational expe-
rience it has become the one with the highest perception of readiness on the part of the
students, rising from 3.57/5 to 4.08/5. In addition, and as can be seen in Table 5 below,
it is the indicator on which the students have observed the greatest competence in their
work colleagues.

On the other extreme, we find TW1. Although the personal perception of the
students has remained practically unchanged (from 3.92 to 3.91), it is remarkable the
decrease they observe in the competence of their co-workers, which drops to 3.65/5
(see Table 5). This overall decrease is particularly noticeable in the results of group B,
where the perception of the TW1 indicator is the lowest of the whole process, going
from an initial value of 3.93 (see Table 3), to 3.57 (see Table 4 for personal change),
and to 3.29 (Table 5, for group change).

As can be seen, the distribution and completion of tasks in the times defined within
the group (TW1) continues to be a difficulty to be considered in the design of future
group work, especially due to the impact it has on the final deliverable of any activity.
Although this indicator is considered critical in the evaluation of the activities, it is not

Table 4. TW average results by group and its Standard Deviation (SD) for each teamwork
average indicator in the POST-Questionnaire (n = sample by group). In Bold the averages with a
major value than in the PRE-Questionnaire.

Group n TW1_a SD TW2_a SD TW3_a SD

A 26 4,08 1,26 4,15 0,78 4,12 0,82
B 19 3,57 1,27 4,01 0,86 3,85 1,09
C 14 4,07 1,21 4,07 0,62 4,21 0,89
Global 69 3,91 1,25 4,08 0,75 4,06 0,93

Table 5. TW average results by group and its Standard Deviation (SD) for each teamwork
average indicator in the POST-Questionnaire (n = sample by group). In Bold the averages with a
major value than in the Pre-test.

Group n TW1_b SD TW2_b SD TW3_b SD

A 26 3,73 1,31 4,19 0,69 3,73 0,96
B 19 3,29 1,52 3,88 1,09 3,85 1,13
C 14 3,93 1,33 3,79 0,80 4,21 0,70
Global 69 3,65 1,39 3,95 0,69 3,93 0,93
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identified as an aspect to be improved. In this case, TW2, as can be seen in Table 6,
continues to be the indicator that the students identify as an aspect to be improved
(PRE) and an aspect improved (POST). In this sense, and in view of the results, it is
necessary that in the design of future educational activities to be worked on in groups, a
monitoring of the distribution of tasks and their timing should be designed to enable
control and guidance by the teaching staff, since although the pupils do not identify it
as a value to be improved (Table 6), the results refute this perception (Tables 4 and 5).

By similarly analysing the variation of the indicators referring to communication
competence (CC), in Table 7 we can see that CC3 is the indicator that has obtained the
greatest overall increase, going from an average of 3.84/5 to 4.05/5. CC2 has also
increased overall, and the only indicator that has experienced a decrease is CC1, from
3.92 to 3.84, although this decrease is not significant.

CC3 was the indicator on which the PRE-Questionnaire identified the greatest need
for improvement (see Table 8), especially for Group A, which obtained the highest
increase (from 3.88 to 4.27/5). This demonstrates the correct design and usefulness of
the activity carried out for this group. Likewise, and as can be seen for this group, CC2
is the only indicator that decreases. In this way, it is directly identified as an indicator to
be improved in future work on the student’s perception. Group 1 also reflects a
coherent result, with CC1 being the only indicator that has decreased with respect to the
initial perception and the one that has been identified with the greatest increase in the
need for improvement in future activities. Group C is the one that distributes the results
more widely, identifying CC1 and CC3 as indicators to be improved. However, in

Table 6. Indicators perceived to be improved by the students (PRE vs. POST perception),
related with Teamwork Competence (TW)

Group A-Pre A-Post B-Pre B-Post C-Pre C-Post Global PRE Global POST

TW1 0 3 2 3 4 1 6 7
TW2 13 14 10 11 8 7 31 32
TW3 13 9 7 5 2 6 22 20

Table 7. CC average results by group and its Standard Deviation (SD) for each communication
average indicator in the POST-Questionnaire (n = sample by group). In Bold the averages with a
major value than in the PRE-questionnaire.

Group n CC1 SD CC2 SD CC3 SD

A 26 3,96 0,92 3,73 0,78 4,27 0,87
B 19 3,76 0,47 3,91 0,48 3,87 0,81
C 14 3,79 0,47 3,64 0,74 4,00 1,18
Global 69 3,84 0,70 3,76 0,67 4,05 0,95
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accordance with the results and being the only one that decreases in evaluation, it is
clear that CC1 should be the one on which future efforts should be focussed (it has the
same number of identifications (5), without reduction (CC3 has reduced from 6 to 5)).

4.3 Student’s Motivation

We used the validated MUSIC instrument for the study of student motivation, as
indicated above. In our case, we have made a simplification based on 9 questions
covering all the dimensions studied by the instrument (“M”: M3, “U”: Average M1 and
M8, “S”: Average M2 and M5, “I”: Average M3 and M4, and “C”: Average M6 and
M9), using:

• M1: In general, the planned activities of the course are useful.
• M2: I am confident in my ability to successfully carry out the established activities.
• M3: The teaching methods described actively involve me in the course.
• M4: I think I’m going to enjoy the course activities.
• M5: I consider myself able to get a high grade on the activity.
• M6: I have control over how I learn the contents of the course/activity.
• M7: The teacher cares about my performance in the course.
• M8: I believe that the knowledge achieved in this course is important for my future.
• M9: The teacher is friendly/understandable.

The comparative results of MUSIC can be seen in Table 9 below:

As can be observed, there has been an overall increase in student motivation, both
with the educational proposal and with the system of improvement and monitoring of
the competences worked on. It is worth highlighting the significant increase in all levels

Table 8. Indicators perceived to be improved by the students (PRE vs. POST perception)
related with Communication Competence (CC)

Group A-Pre A-Post B-Pre B-Post C-Pre C-Post Global PRE Global POST

CC1 6 8 8 10 5 5 19 23
CC2 6 13 5 3 3 4 14 20
CC3 14 5 6 6 6 5 26 17

Table 9. MUSIC values comparison (based on a Likert scale of 6 levels). In Bold values with an
increment and in italic significate increments and decrements.

Pre-questionnaire Post-questionnaire
Group M U S I C M U S I C

A 4,88 5,44 5,10 5,00 5,40 4,96 5,33 5,10 4,83 5,54
B 4,63 5,43 4,43 4,68 4,94 4,26 4,82 5,03 4,57 4,63
C 4,64 4,68 4,79 4,75 5,61 5,36 5,61 5,61 5,79 6,00
Global 4,72 5,18 4,77 4,81 5,32 4,86 5,25 5,25 5,06 5,39
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in group C. At the other extreme, there was a significant decrease in levels M and U in
group B, the only ones with significant statistics. These decreases centred on
eMpowerment and the Usufulness of the practice of group B are related to the type of
exercise carried out. This exercise is less focused and the transversality of both the
content and the proposal reduces the degree of comfort of the student, who does not
perceive its applicability equally in all subjects. At the other extreme, we find the
variable S related to the ability to successfully carry out the exercise, which was the
only variable that increased overall for all the groups, especially in the case of groups B
and C.

5 Conclusions

In order to reduce early drop-out rates, the need to motivate students in the first years of
undergraduate studies is essential. Designing training strategies that increase student
motivation has been demonstrated to improve academic results and thus reduce the risk
of early dropout. In this sense, focusing activities on exercises that actively improve
transversal competences is a first step to motivate students in specific contents. The
improvement of two transversal competences as important as teamwork and commu-
nication, and the students’ perception of their level and their need for improvement,
will help teachers in the design of courses and activities, and therefore in the distri-
bution of contents and tasks in a successful way.

The results of the study carried out show how, as a whole, the proposals for
educational pills based on active methodologies implemented have improved both
student motivation and their degree of training in the generic competences on which the
work focuses. The analysis of results has identified the need to continue training
students in the aspects linked to TW1 (organisation of tasks and timings), as this has
been shown to be a critical aspect according to the exercise. Globally, the study groups
have improved ostensibly in the TW2 indicator referring to the ability to provide ideas
and solutions at work, being identified by all of them as an aspect to continue
improving and which is linked to the second of the competences dealt with in the study,
that of effective communication.

In this sense, a differentiation by type of studies can be observed. The more
technical studies, such as Architecture or Engineering, identify CC1 (Transmission of
relevant information) as a key indicator, while in the Law Degree, the key indicator is
CC2 (Presentations well-structured and meeting the required requirements).

As a conclusion, the study leaves the door open for further replication by focusing
on an improved design of the educational pills in order to assess the improvement in the
identified key indicators as well as in student motivation.
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Abstract. The past 30 years have seen increased adoption of learning man-
agement systems (LMSs) in education. Several studies have investigated the
usability of LMSs for students. However, very few studies have assessed the
usability from the instructors’ perspective. Usability issues can pose challenges
for instructors who use LMSs to create, manage and deliver courses. These
challenges require instructors to spend extra time and energy on tackling the
challenges rather on teaching-related tasks, which will have negative impacts on
learners’ experiences and learning outcomes. This paper aims to identify
usability challenges in LMSs for instructors. We used Canvas as an example and
conducted user testing with 35 university instructors in computer science and
engineering disciplines. Pre- and post-interviews were transcribed and analyzed
together with the observation data during their use of Canvas to carry out tasks.
The results show that, although Canvas has made continuous efforts to improve
its usability, instructors still face some usability challenges. Instructors are a
diverse user group for LMSs. Further research should consider recruiting par-
ticipants from other disciplines and investigating other LMSs to identify pos-
sibilities for improving general usability of digital tools for instructors.

Keywords: Learning management system (LMS) � Usability � Instructor �
Canvas

1 Introduction

Learning management systems (LMSs) are widely used for creating, administrating,
delivering courses and learning materials, not only in higher educational institutions, but
also in schools and companies for employee training purposes. LMSs provide tools and
functions such as course management, online group chats and discussions, documents
(e.g., lecture material, homework, and assignments), PowerPoint presentations, and
video clips uploading, grading, and course evaluations to support teaching and learning
[1]. LMSs hold the promise of increased efficiency of teaching and enriched student
learning and are having and will increasingly have profound impacts on teaching and
learning [2]. The increase in digital learning is driving the adoption of LMSs. According
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to a recent report,1 the LMS market is expected to grow at a compound annual growth
rate (CAGR) of 20.5% from 2019 to 2025 to reach USD 28.1 billion by 2025.

The increasing complexity of LMS functions and interaction possibilities has raised
concerns among researchers regarding the quality of the interface and the ways in
which activities are performed by students and instructors in these systems [3]. After
reviewing usability evaluation methods in usability for e-learning platforms, Freire
et al. [3] stated that the perspective of the user, not of the system, should be focused on
when evaluating usability of LMSs.

Several studies have investigated the usability of LMSs for students [4–6],
including commercially available products such as Blackboard, Desire2Learn, open
source LMSs such as Moodle, Sakai, and custom-made LMSs developed for specific
institutions or organizations. Most recently, Alhadreti [7] conducted a comparative
usability study of Blackboard and Desire2Learn with 20 students who were first-time
users of LMSs at one university. The findings show that that usability problems in
navigation, layout, content, and functionality were found in both systems, although
Blackboard has more severe usability issues than Desire2Learn.

Usability issues can pose challenges for instructors who use LMSs to create,
manage and deliver courses. If left unaddressed, these challenges will affect their
experience negatively and require them to spend extra time and energy on tackling the
challenges rather than on teaching-related tasks. However, very few studies have
assessed usability of LMSs from the instructors’ perspective [8]. The usability chal-
lenges for instructors also have indirect impacts on learners’ satisfaction and learning
experiences. For example, Leone et al. [9] studied students’ perceptions of usefulness
and usability of two LMSs (Moodle and Sakai) at two universities. Based on the
analysis of data from focus groups and usage log data from both students and
instructors, they conclude that when an instructor knows how to use LMSs, students are
more satisfied and have a better learning experience.

This paper aims to identify and understand usability challenges in LMSs for
instructors. We used Canvas as an example and conducted user testing with 35 uni-
versity instructors. Canvas is one of the most popular learning management systems,
with more than 30 million global users by 2019.2 It is also one of the LMS platforms
recommended for higher education institutions in Norway.

2 Related Research

Studies that focus on the instructors’ perspectives mostly concern acceptance of LMSs
[1, 10] and motivating factors for faculty members’ acceptance and use of LMSs [11,
12]. Focusing on the newly introduced Canvas LMS, Fathema et al. [1] collected
survey data from 560 individuals with teaching responsibilities at two universities. The
results indicated that system quality of LMS (usability, availability, reliability,

1 Learning management system (LMS) market report by Meticulous Research: https://www.meticulou
sresearch.com/product/learning-management-system-market-5052.

2 Our Story | Instructure: https://www.instructure.com/about/our-story.

Usability of Learning Management Systems for Instructors 211

https://www.meticulousresearch.com/product/learning-management-system-market-5052
https://www.meticulousresearch.com/product/learning-management-system-market-5052
https://www.instructure.com/about/our-story


adaptability and response time) has significant impacts on perceived usefulness, per-
ceived ease of use, and on faculty attitudes toward LMS use. Fathema and Sutton [10]
also collected recommendations for Blackboard in their survey of 100 individuals with
teaching responsibilities. Many respondents identified design issues in Blackboard,
including poor interface design, lack of flexibility and complexity of features.

Although usability has been identified as one of the most important factors that
affect instructors’ acceptance of and motivation to use LMSs, very little research has
focused on usability of LMSs for instructors. Phongphaew and Jiamsanguanwong [13]
conducted a usability evaluation of myCourseVille, a custom-made LMS, focusing on
the interfaces for both students and instructors at one university. The participants were
three students and five instructors. In the interface for instructors, they found diverse
usability issues, such as too small font size, confusing/ambiguous icons, too much
information and too many options. Lalande and Grewal [14] studied two LMSs
(Desire2Learn and Blackboard) from the administrators’ perspective. In their study
they collected quantitative data including number of mouse clicks, pages traversed, and
data fields inputted based on 14 administrative tasks performed by one of the authors.
The tasks included user creation, user enrolment, user management, course creation,
course transportability, semester/team management and department management.
Although Desire2Learn was found to require fewer mouse clicks and pages than
Blackboard, the study identified usability challenges for administrators in both LMSs.

3 Method

In this study we conducted user testing of Canvas with pre- and post- interviews to
understand the difficulties and challenges instructors met when performing tasks.

3.1 Participants and Data Collection

Participants were mainly recruited through emails to members of faculties in computer
sciences and engineering subjects. We argue that instructors in computer science and
engineering faculties are expected to have higher levels of digital competence than
those in other disciplines and are therefore better equipped to understand, learn and use
digital tools in teaching.

We recruited 35 participants (P1–P35) from two countries: 17 instructors (one
female and 16 male) in Poland, mainly from computer science and electronic engi-
neering subjects, and 18 instructors (five female and 13 male) in Norway, mainly from
computer science and complementary subjects. Table 1 presents details of the partic-
ipants. Five participants (one in Norway and four in Poland) had no experience of
LMSs as instructors, but four of them had used LMSs as students. All the other
participants used the LMSs configured by their universities. Only two had experience
with Canvas, one as an instructor and the other as a student.
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After introducing the study, each participant was asked to sign a consent form and
complete a pre-interview focusing on demographic information, experience in teaching
and particularly online teaching, and experience in using learning management sys-
tems. After the pre-interview, each participant was asked to perform a set of pre-
prepared tasks in Canvas.

• adding a module to a course
• publishing course material
• creating and publishing a quiz
• adding an announcement
• creating and publishing an assignment
• creating and publishing a discussion forum

The areas/tools in Canvas that were necessary to do these tasks were Announce-
ment, Assignment, Discussion, Module, and Quiz. The built-in Text editor is used in all
of these except Module.

The participants were encouraged to think aloud, and observation notes were taken
on how they carried out the tasks, whether they were successful, on any difficulties they
faced, and on hints given to the participants during the tasks. The post-interview aimed
to better understand the participants’ experiences of Canvas and to identify key issues
and possibilities to address them. All the interviews were audio-recorded and tran-
scribed verbatim. The audio recordings were deleted immediately after they were
transcribed. All collected data were anonymized before analysis.

3.2 Data Analysis

The analysis of observation notes and post-interviews focused on identifying usability
issues experienced by participants and where in the Canvas platform and in which tasks
these issues were encountered, as well as on identifying any additional challenges the
participants mentioned or experienced. Any positive and negative statements from
participants concerning their experiences with Canvas tools were also noted.

Jacob Nielsen’s 10 usability heuristics3 were used for categorizing usability issues.
In addition, other issues mentioned in the post-interviews that are not covered by these
heuristics, such as accessibility issues related to contrast and use of colors, and those
related to novice user experiences, were summarized as additional challenges.

Table 1. Participants in user testing

Country Number Age
(Mean ± SD)

Years of ICT use
(Mean ± SD)

Years of LMS use
(Mean ± SD)

Poland 17 36 ± 7 22 ± 5 5 ± 2
Norway 18 43 ± 11 27 ± 6 8 ± 6

3 10 Usability Heuristics for User Interface Design: https://www.nngroup.com/articles/ten-usability-
heuristics/.
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4 Results

Although most of the participants had not used Canvas before, they were able to carry
out most of the tasks. However, our study also revealed usability challenges.

4.1 Usability Issues by Heuristics

In the following sections we will provide details of the challenges and usability issues
categorized based on the usability heuristics.

Heuristic 1: Visibility of System Status. This heuristic concerns showing users correct
information about the system status and whether the user receives appropriate and timely
feedback on system status, for example after s/he has performed an action, such as
selecting a menu item or clicking on a button. One issue related to the visibility of
system status that was encountered by the participants was that the font size menu item
does not reflect the actual font size for the selected text in the Text editor. A few users
also expressed feeling uncertain about the results of their actions:

“In some moments I was confused that maybe my actions didn’t do what I expected”
(P13).

Heuristic 2: Match Between System and the Real World. This heuristic deals with
how the system parallels the real world, including the familiarity of concepts, symbols
and terms used and whether information appears in an order that is natural or logical to
the user. The user testing showed that many participants, when creating a quiz, seemed
puzzled at having to configure quiz details before they could add questions, which
often is considered the main purpose of creating a quiz.

“When I create a quiz, I expect to create a quiz and it is to create questions, not
change the settings. The settings, in my workflow, would come last, and they in some
ways are kind of optional.” (P18)

Another issue many participants expressed confusion about was the use of the plus
(+) symbol for adding or creating a new item such as a new module or assignment, or
for adding an element to a module. This plus sign is sometimes used together with the
name of what is to be created, as in “+Module” or “+Quiz”, and sometimes alone (“+”)
for adding new elements to a module. Several participants found this confusing.

“This ‘+’ symbol does not exactly tell you what… what it does. Like, for me I don’t
know what it does, and why it is different from ‘+Module’” (P18)

When using the Text editor in rich text mode, a line below the editor window
displays information about the HTML tag for the text item where the cursor is at in the
editor. For example, “p” indicates a paragraph and “h2” indicates a level 2 heading.
Some participants who were unfamiliar with HTML found this information confusing.

“This letter “p” was very confusing because I didn’t know what it meant.” (P13)

Heuristic 3: User Control and Freedom. Enabling users to go back a step to where
they were previously, and providing options for undoing or cancelling their actions can
promote a feeling of control and freedom. Canvas offers users these options and
clicking the browser’s back button works well. It also offers “breadcrumbs” at the top
of the page to support easy navigation, and observation notes from the user testing
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show that many users used these breadcrumbs for navigating back to the main course
page. The notes, however, also show that many users did not easily find their way back
to the main page of the course from, for example, editing a module element. A few
participants expressed in the post-interview that they found it difficult to move from a
tool, such as Announcement or Assignment, back to the main course page.

“It was a bit confusing, how to get back to the main page.” (P32)

Heuristic 4: Consistency and Standards. Following standards and ensuring consis-
tency with external systems as well as ensuring consistency internally between the dif-
ferent parts (user interfaces) of the system can make it easier to use and learn, since the
user can recognize features and ways of doing things from other systems or other parts of
the same system. Overall, Canvas was considered easy to use by most of the participants,
suggesting adherence with established conventions, but many also encountered diffi-
culties. For example, when selecting a date for a deadline or a time for publishing, e.g., an
assignment, many were unfamiliar with having to click “Done” after selecting the date,
which some commented that they did not have to do in another system they often used.

“During the picking of the date, … I assumed that the window would close after
choosing the date, because this is how the calendar in Windows, for example, works.”
(P13)

Many also clearly expected to be able to create an announcement as an element in a
module by using the plus button, as they would do to add a quiz or an assignment.
However, creating an announcement can only be done via the course main menu,
which can seem inconsistent, especially for novices unfamiliar with the Canvas con-
cepts and terminology.

When moving a module element using drag and drop, many also expected to be able
to do this from anywhere on the element (listed in the module), but this can only be
done via a symbol/icon showing two vertical lines of dots on the far left in the element.

“When I was moving items under the modules, there was only one special place on
the left where I should click and then drag the mouse. I expected that it would be
available on the whole area of the item.” (P13)

Heuristic 5: Error Prevention. Helping users avoid making mistakes through
warnings or through the design is another important aspect of usability, and can spare
users much frustration in cases where they risk losing the work they have done. In
Canvas, users risk losing their updates to questions in a quiz. After users have changed
one or more questions, the system does not require them to click on “Update question”
before saving. Instead, they can select “Save” or “Save and publish”, which does not
save the changes to the questions. No warning is given about losing these changes by
clicking “Save”. Several participants experienced this issue during the user testing, and
some also commented on it in the post-interviews.

“It was quite good, except when the question disappeared, when I saved, so there
should be some kind of warning.” (P32)

Heuristic 6: Recognition Rather than Recall. Canvas has a graphical interface with
visible menus and icons that can be recognized by returning users and is to some extent
recognizable for users familiar with similar systems. For example, the Text editor in
Canvas uses icons commonly used in most text editors, e.g., “B” for bold text, in
addition to menus. The various areas/tools in Canvas have similar layout and can be
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operated in much the same manner, which promotes recognition rather than recall.
Furthermore, since all but two of the participants were new to Canvas, we did not find
any issues related to this heuristic.

Heuristic 7: Flexibility and Efficiency of Use. Canvas offers some flexibility in use
and many options, as well as some use of accelerators (shortcut keys), promising
relatively efficient use for a returning user. The use of common accelerators in the Text
editor is one example of supporting efficiency of use. Another example is that the user
has opportunity to create, e.g., a quiz or an assignment directly when adding a module
item via the Module “plus” button, or alternatively creating them via the course main
menu, in which case they would not be linked to a specific module. There were no
indications in the user testing or the post-interviews of participants missing anything
regarding flexibility or support for efficient use. Some participants did however com-
ment that they were a little uncertain about which alternative to use in two of the tasks
where they were asked to create and publish respectively a quiz and an assignment.
This may be related to the fact that almost all the participants were new to Canvas and
had not experienced the many different options Canvas offers. We therefore did not find
any issues related to this heuristic.

Heuristic 8: Aesthetic and Minimalist Design. This heuristic concerns reducing the
user’s cognitive load by focusing the design and content on what is necessary for the
intended purpose of the interface, while simultaneously having an appealing design.
Canvas offers many useful functionalities and options to the user. The instructor can
control what course menu items are visible to the students, but all options and course
menu items are available to the instructor. Novices can find this overwhelming. The
observation notes from the user testing indicated some participants spent much time
trying to find certain functions, and several expressed sometimes having difficulties in
orienting themselves in Canvas and that the layout did not help much in this respect.

“Some things are hard to figure out from the layout.” (P20)
“It was difficult to find where to go … it was… everything looks alike, the same.”

(P27)

Heuristic 9: Help Users Recognize, Diagnose, and Recover from Errors. Com-
municating clearly and understandably to the user that an error has occurred and what
the problem is, as well as offering guidance to recover from the error, can be of great
help to the user and avoid moments of user uncertainty and frustration. Overall, error
messages in Canvas are communicated relatively clearly and in plain language, but
some participants found that the error messages were not descriptive enough for them
to understand what the problem was or what they needed to do to recover from it. In
addition, a few participants experienced situations where no error message appeared in
cases where this would have been expected, particularly where the user tried to select
“Add item” before selecting the “New…” field (in Page, Quiz, etc.).

Heuristic 10: Help and Documentation. The Canvas community4 provides good
documentation in the form of guides and help for troubleshooting. However, the

4 The Canvas Community: https://community.canvaslms.com/t5/Canvas/ct-p/canvas.
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Canvas interface itself provides no help buttons or tooltips for users except in Text
editor, indicating very little proactive help. The tasks in the user testing did not
specifically address documentation or availability of help while using the interface, but
it seems clear that some of the issues that were experienced by users related to
understanding the meaning of symbols/icons and terminology, and that some activities,
such as moving a module element or adding an announcement, could have benefitted
from some context-relevant help in the interface.

4.2 Summary of Usability Issues Identified in User Testing
and Post-Interviews

Table 2 provides an overview of the number of issues that occurred during the testing
tasks and that were highlighted by participants during the post-interviews per usability
heuristic.

Most issues the participants encountered while performing the tasks were related to
expectations of where to find tools or how to use tools, such as where to create an
announcement, or how to edit a module item. Their expectations were often based on
their experience with other, similar (LMS) platforms, indicating a possible breach with
conventions for such platforms. As the majority (33 of 35) of the participants were new
to the Canvas platform, we did not find any issues in Heuristic 6, recognition versus
recall, and Heuristic 7, flexibility and efficiency in use.

Considering which areas/tools in Canvas the participants reported difficulties
(Fig. 1), the results from the user testing and post-interviews indicate that most of the
issues were related to the interface in general (“General”), such as moving between
tools, locating tools, or functions or information, and editing modules (“Module”) such

Table 2. Number of issues identified in user testing and post-interviews related to the 10
heuristics.

Heuristics Number of issues in
user testing

Number of issues post-
interviews

1. Visibility of system status 3 1
2. Match between system and the real
world

17 32

3. User control and freedom 1 2
4. Consistency and standards 12 39
5. Error prevention 3 3
6. Recognition rather than recall 0 0
7. Flexibility and efficiency of use 0 0
8. Aesthetic and minimalist design 0 6
9. Help users recognize, diagnose, and
recover from errors

2 0

10. Help and documentation 1 0
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as adding new items to a module or rearranging the order of items in a module.
Comments on the general layout of Canvas or on several tools, or that participants did
not specifically relate to a tool or area, were also included in the General category.
Many also mentioned that they expected to be able to add an announcement as an
element to a module using the plus icon instead of having to use the course main menu.
Other Canvas areas/tools where participants mentioned experiencing difficulties
include Quiz, Assignment, Text editor, and Discussions. The user testing indicated
many experienced problems with the Quiz tool, especially when creating a Quiz. One
example is that the area for the settings is shown before the questions area, so they had
to locate and click on the questions tab before they could add any questions, which
many experienced as confusing. They also had to click on “Update question” before
saving the Quiz, which were not communicated clearly in the interface. Assignment
and Announcement were other tools where many participants experienced difficulties
during user testing.

Relating the areas/tools in Canvas and the number of reported difficulties to rele-
vant usability heuristics (Fig. 2 and Fig. 3), it appears that many issues are related to
how the system matches the real world (Heuristic 2), such as unfamiliarity with the
symbols and terminology and with some of the Canvas concepts. Although the “+”
symbol is well known from mathematics to mean addition of two numbers, and
probably well known to the participants, the use of this symbol in the Canvas context to
mean the adding of a new module item, seemed unfamiliar to participants, and some
had to spend more time trying to figure out how to add module items. Some concepts in
Canvas, such as Module, were found difficult to understand. This may however have
been influenced by the fact that none of the participants’ institutions are located in
English-speaking countries and that, consequently, all participants were to some extent
unfamiliar with concepts and terms commonly used in educational settings in English-
speaking countries.

Fig. 1. Overview of relevant Canvas area/tool and number of identified usability issues in user
testing and post-interviews.
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Many also encountered and reported difficulties finding where to add an
Announcement, which is not an element that can be added to a Module, such as an
Assignment or a Quiz, and could only be reached through the course main menu. This
can be attributed to internal consistency (Heuristic 4), but is also most probably
influenced by the participants’ previous experiences of similar systems, suggesting a
possible lack of external consistency with similar platforms (Heuristic 4) and perhaps a
lack of understanding of the “Module” concept (Heuristic 2). It is also worth bearing in
mind that this was the very first time most of the participants used Canvas, and that this
most probably influenced the number of issues identified and reported in the user
testing and post-interviews.

Fig. 2. Overview of issues related to heuristic for each relevant Canvas area/tool (from user
testing).

Fig. 3. Overview of issues related to heuristic for each relevant Canvas area/tool (from post-
interviews).
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4.3 Additional Usability Issues and Participants’ Opinions

Other issues mentioned by participants in the post-interviews were mainly related to
font size, colors used, and the contrast of text. Although influencing the usability of the
system, their comments concerning difficulties perceiving the text were clearly related
to accessibility.

“Everything is white here, so maybe it will be better if some parts will be …
contrast, I guess.” (P11)

“I had a little problem viewing it. I would have needed more contrast, or maybe a
larger font size.” (P34)

Some participants also reported that they considered the difficulties they encoun-
tered to be related to not having used Canvas before, such as general difficulties in
orienting themselves in Canvas, and that it would be easier once they had had more
time to learn.

“It was the first time. I think it would be easier after I try it for sometimes, because
it was easier at the end, when I had used it.” (P31)

In the post-interviews only one participant reported having a negative (“frustrat-
ing”) experience with Canvas.

“Frustrating, yes, because I have never seen it before, and every program has a
different, you know… way to do it.” (P27)

The majority (28 of 35) reported aspects which they found positive while using
Canvas. Some participants (6 of 35) expressed neither positive nor negative opinions.
Fewer than one third of the participants (10 of 35) reported encountering no difficulties
at all during user testing, while more than half (24 of 35) reported encountering some
difficulties. One participant did not clearly state whether s/he experienced any diffi-
culties using Canvas.

When asked whether they would use Canvas in their courses, about half of the
participants (16 of 35) stated clearly that they would, only one participant stated clearly
that s/he would not, while more than half (18 of 35) were uncertain or said they would
only use it for parts of their course or that it would depend on certain aspects not
covered in the user testing, such as handling grading tasks, attendance, functionality for
communicating with students, whether it was required by their university, and data
security and encryption requirements.

5 Discussion

Although most of the participants were first-time users of Canvas, they were able to
perform the tasks without many challenges. They considered possibilities for more
interactive activities provided by Canvas, such as quizzes and discussions, as inter-
esting and potentially useful. The majority responded in the post-interviews that they
found Canvas intuitive and easy to use. This demonstrates that Canvas has generally
good usability. However, observations and interviews have also shown that participants
encountered usability challenges.

The teaching is organized differently in Canvas compared with the LMSs they were
familiar with. The differences resulted in a mismatch between the participants’
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expectations and what Canvas actually offers, particularly in terms of terminology and
the workflow for organizing teaching. For example, participants found it confusing
having to configure quiz details before adding questions because such workflow in
Canvas is different from that they use in their own teaching practice or in LMSs they
have previously used. Several participants expected Announcements to come under
Module, not directly under Course. Although most of the participants were able to
adapt quickly to the new way of organizing teaching in Canvas, some after receiving
hints, we found that some were unable to adapt, even after receiving hints and guidance
from the researchers. One participant who had used another LMS for many years was
found to have the most difficulties during testing. While it is natural for instructors to
draw on their previous experience of LMSs when faced with a new LMS, intuitive
design of and training in a new LMS is important for instructors to be able to quickly
adjust to and accept it [15, 16].

Usability issues in LMSs experienced by instructors and a lack of training can result
in extra time and effort being required of instructors. This extra workload also con-
tributes to the low motivation to actively use LMSs [17]. Our study was conducted after
the Norwegian universities decided to migrate from an old LMS to Canvas. Instructors
needed to reorganize their teaching according to the new workflow in Canvas. Some
instructors had a negative attitude towards Canvas during the transition period and tried
to defend the old LMS rather than embrace the new one. Although most LMSs,
including Canvas, provide possibilities for active teaching and learning in an interactive
learning environment, many instructors consider LMSs a delivery mechanism for
posting teaching plans, assignments, and teaching materials and resources. LMSs are
rarely used as an integrated pedagogical tool for engaging students in active learning
[18]. In addition to the complexity of LMSs and to usability issues, lack of facilitation
such as training and technical support often result in instructors having to spend extra
time on learning and solving technical problems, when they would prefer to spend that
time on activities more closely related to teaching the subjects. This has led to negative
attitudes towards LMSs [1]. More and more digital tools, including LMSs, are
deployed in educational institutions, particularly during the COVID-19 pandemic.
When making decisions on which digital tools instructors should use, have institutions
considered the usability of the tools? Have instructors been involved in the decision-
making process? Have institutions provided adequate training to instructors before
instructors must use the new tools? The answers to such questions have implications
for instructors’ acceptance and use of digital tools and impact the effective imple-
mentation of these tools in educational institutions [15, 16].

The participants in our study provided some contradictory comments and feedback.
For example, some responded that they were overwhelmed by the many options and
menu items in Canvas, while others considered this a positive feature. Instructors are a
diverse user group of LMSs with different abilities, experience, preferences, usage
styles, and levels of digital competence and skills. This diversity calls for adaptive or
individualized configuration. The one-size-fits-all approach adopted by educational
institutions, where the whole institution has the same configuration of an LMS, is
unable to address these differences. Making use of artificial intelligence and data
analytics approaches to provide personalization and just-in-time support that adapt to

Usability of Learning Management Systems for Instructors 221



individual instructor’s needs, preferences and usage profiles may provide instructors
with more engaging experiences of LMSs [19].

6 Conclusion and Future Work

Although Canvas has made continuous efforts to improve its usability, instructors still
face some usability challenges. Our study and other related research have shown that
learning management systems in general have usability problems which create diffi-
culties for instructors and affect their user experience.

Usability issues are considered one of the main factors that impede the compre-
hensive adoption of LMSs among instructors [1]. For LMSs to be used to their fullest
capacity, it is essential that they be designed with high levels of usability for the
diversity of users, including students, instructors and administrators. The participants in
our study were limited to computer science and engineering disciplines, which may
hinder the generalizability of the results. Further research should consider recruiting
participants from other disciplines and study other educational tools and platforms to
identify possibilities for improving general usability of digital tools for instructors.

Some usability issues can only be identified after having used the system for some
time. For example, when copy and pasting text from outside Canvas to Canvas Text
editor, the font type information will disappear. Nearly all the instructors participating
in our study were first-time users of Canvas, and the tasks they carried out during the
testing were limited to those most commonly in their normal working practice. Thus,
the range of usability issues found in our study is limited. Future research should
consider longitudinal study allowing instructors to use a LMS for a longer period in
order to fully understand the usability challenges.

Acknowledgements. The authors would like to thank all participants in this study. The project
is funded by Faculty of Technology, Art, and Design at Oslo Metropolitan University.

References

1. Fathema, N., Shannon, D., Ross, M.: Expanding the technology acceptance model (TAM) to
examine faculty use of learning management systems (LMSs) in higher education
institutions. J. Online Learn. Teach. 11, 210–232 (2015)

2. Coates, H., James, R., Baldwin, G.: A critical examination of the effects of learning
management systems on university teaching and learning. Tert. Educ. Manage. 11, 19–36
(2005)

3. Freire, L.L., Arezes, P.M., Campos, J.C.: A literature review about usability evaluation
methods for e-learning platforms. Work 41, 1038–1044 (2012)

4. Goh, W.W., Hong, J.L., Gunawan, W.: Exploring students’ perceptions of learning
management system: an empirical study based on TAM. In: Proceedings of the IEEE
International Conference on Teaching, Assessment and Learning for Engineering (TALE),
pp. 367–372 (2013)

222 W. Chen et al.



5. Nakamura, W.T., Oliveira, E.H.T., Conte, T.: Usability and user experience evaluation of
learning management systems: a systematic mapping study. In: Proceedings of the 19th
International Conference on Enterprise Information Systems (ICEIS), pp. 97–109 (2017)

6. Orfanou, K., Tselios, N., Katsanos, C.: Perceived usability evaluation of learning
management systems: empirical evaluation of the system usability scale. Int. Rev. Res.
Open Distrib. Learn. 16, 227–246 (2015)

7. Alhadreti, O.: A comparative usability study of blackboard and Desire2Learn: students’
perspective. In: Zaphiris, P., Ioannou, A. (eds.) HCII 2020. LNCS, vol. 12205, pp. 3–19.
Springer, Cham (2020). https://doi.org/10.1007/978-3-030-50513-4_1

8. Alturki, U., Aldraiweesh, A., Kinshuck.: Evaluating the usability and accessibility of LMS
“Blackboard” at King Saud University. Contemp. Issues Educ. Res. 9, 33–44 (2016)

9. Leone, R., Mesquita, C., Lopes, R.: Use of Learning Management System (LMS): a study in
a brazilian and portuguese universities. In: Proceedings of the 12th International Conference
on Computer Supported Education (CSEDU), vol. 2, pp. 352–358 (2020)

10. Fathema, N., Sutton, K.: Factors influencing faculty members’ learning management systems
adoption behavior: an analysis using the technology acceptance model. Int. J. Trends Econ.
Manage. Technol. 2, 20–28 (2013)

11. Garrote, R., Pettersson, T.: Lecturers’ attitudes about the use of learning management
systems in engineering education: a Swedish case study. Australas. J. Educ. Technol. 23,
327–349 (2007)

12. Gautreau, C.: Motivational factors affecting the integration of a learning management system
by faculty. J. Educators Online 8, 1–25 (2011)

13. Phongphaew, N., Jiamsanguanwong, A.: Usability evaluation on learning management
system. In: Ahram, T., Falcão, C. (eds.) International Conference on Applied Human Factors
and Ergonomics (AHFE), pp. 39–48. Springer, Cham (2018)

14. Lalande, N., Grewal, R.: Blackboard vs. Desire2Learn: a system administrator’s perspective
on usability. In: Proceedings of the International Conference on Education and E-Learning
Innovations, pp. 1–4. IEEE (2012)

15. Ge, X., Lubin, I., Zhang, K.: An investigation of faculty’s perceptions and experiences when
transitioning to a new learning management system. Knowl. Manage. E-Learning Int. J. 2,
433–447 (2010)

16. Ryan, T., Toye, M., Charron, K., Park, G.: Learning management system migration: an
analysis of stakeholder perspectives. Int. Rev. Res. Open Distance Learn. 13, 220–237
(2012)

17. Weaver, D., Spratt, C., Nair, C.S.: Academic and student use of a learning management
system: implications for quality. Australas. J. Educ. Technol. 24 (2008)

18. Rhode, J., Richter, S., Gowen, P., Miller, T., Wills, C.: Understanding faculty use of the
learning management system. Online Learn. 21, 68–86 (2017)

19. Eden Dahlstrom, D., Brooks, C., Bichsel, J.: The Current Ecosystem of Learning
Management Systems in Higher Education: Student, Faculty, and IT Perspectives. Research
report, EDUCAUSE Center for Analysis and Research (ECAR) (2014)

Usability of Learning Management Systems for Instructors 223

https://doi.org/10.1007/978-3-030-50513-4_1


Goals Matter: Changes in Metacognitive
Judgments and Their Relation
to Motivation and Learning

with an Intelligent Tutoring System

Elizabeth B. Cloude1(B) , Franz Wortha2, Megan D. Wiedbusch1 ,
and Roger Azevedo1

1 Department of Learning Sciences and Educational Research,
University of Central Florida, Orlando, FL 32816, USA

{elizabeth.cloude,meganwiedbusch}@knights.ucf.edu,
roger.azevedo@ucf.edu

2 Department of Psychology, University of Greifswald,
Franz-Mehring-Str. 47, 17489 Greifswald, Germany

franz.wortha@uni-greifswald.de

Abstract. Research suggests metacognition enhances performance with
emerging technologies (e.g., intelligent tutoring systems [ITSs]), where
learning goals guide metacognitive processes (e.g., judgments of learning
and feelings of knowing). A growing body of evidence has found signif-
icant relationships between motivation, metacognitive process use, and
performance with ITSs. Yet, most studies do not define metacognition
based on its relevance to achieving a learning goal (or multiple learn-
ing goals). In this study, we examined 186 undergraduates’ multimodal
data captured during learning with an ITS called MetaTutor to ana-
lyze whether the stability of change in the proportion of metacognitive
judgments initiated on pages containing information relevant to achiev-
ing either learning goals 1 or 2. Latent growth curves suggested that the
stability of page-irrelevant metacognitive judgments from the first to sec-
ond learning goal was positively related to performance, but there were
no relations between achievement goal orientation. We describe impli-
cations for contextualizing metacognition to the model of metamemory
and multiple learning goals with an ITSs. Future research utilizing this
method could provide insight into designing effective interventions based
on what personally motivates learners to engage in metacognition to
augment their learning and performance with emerging technologies.
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1 Introduction

Self-regulated learning (SRL) is critical for improving performance across a
variety of settings and emerging technologies (e.g., intelligent tutoring sys-
tems [ITSs]) [1,9,32]. There is agreement among the scientific community that
metacognition resides at the heart of SRL [1,8–10]. A metamemory framework
by [11] (see Fig. 1) is commonly used to explain the dynamics of metacognition
to study its relation to learning and performance with ITSs [1]. This frame-
work assumes learners initiate metacognition, i.e., monitoring and controlling
cognitive processes, in service of learning goals [11]. Further, one could easily
argue that learning including metacognition is an innately goal-driven process
and goal pursuit is directly related to motivation (e.g., achievement goal orien-
tation), suggesting that motivation and/or learning goals steer metacognition
during learning with ITSs [3,4,14]. However, few studies examine metacognition
based on its relevance to motivation or a learning goal (or multiple learning goals;
i.e., does the learners’ metacognition relate to achieving learning goals presented
within the learning environment?) during a learning session using multimodal
data, illustrating major gaps in our understanding of metacognition with ITSs.

Fig. 1. Model of metamemory [11].

1.1 Related Work

Motivation refers to the act of both initiating and sustaining behaviors [18,19].
The model of metamemory [11] emphasizes that before learning can occur, two
components must take place in the learner: (1) determining a goal and (2) for-
mulating a plan to achieve that goal. A number of studies find significant rela-
tionships between metacognition, motivation, and performance [3–7,12]. A study
by [4] found the degree to which learners engaged in metacognition during learn-
ing with an ITS was significantly related to their achievement goal orientation–a
construct of motivation that describes how a learner is oriented toward achieving
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a goal [13]. While results did not suggest significant relationships between per-
formance and achievement goal orientation, the time and frequency of engaging
in metacognitive processes such as judgments of learning and feelings of know-
ing were significantly related to achievement goal orientation and performance,
potentially suggesting these constructs may have a complex interacting relation-
ship. Similar results were found by [3]. They examined relationships between
achievement goal orientation and performance that were related to two learning
goals set during a learning session with an ITS. Their findings suggested there
were significant differences in performance related to the first learning goal set
during the session between achievement goal orientations; but, their models did
not reveal significant differences in performance related to the second learning
goal. These findings suggest that there may have been changes in achievement
goal orientation after completing the first learning goal. Conversely, they did
not find significant relationships between achievement goal orientations and the
frequency of using metacognitive processes with an ITS [3].

The mixed findings in literature regarding relationships between motivation,
metacognition, and performance may be a result of fluctuating motivation over
the course of learning with an ITS. For example, if achievement goal orientation
was measured prior to learning, then learners would have been placed into a
particular orientation that may no longer be relevant to their orientation dur-
ing the learning activity. Additional limitations exist in literature as few studies
define metacognition in relation to learning goals (e.g., is the learner initiating
metacognitive judgment to gauge their understanding of the circulatory system?)
or the context in which they are used, missing key information that could illumi-
nate the complex and potentially interacting relationships between motivation,
metacognition, and performance with emerging technologies. In this study, we
sought to address these gaps by defining metacognition based on its relevance
to two learning goals during learning an ITS called MetaTutor [2]. We examined
if and to what extent metacognitive processes changed over time based on its
relevance to achieving the first two learning goals set during the learning session
and examined its relation to achievement goal orientation and performance using
latent growth curve analysis.

1.2 Current Study

In the current study, we addressed the issues highlighted above by examining
page-relevant and page-irrelevant metacognitive processes across learning goals
1 and 2 during learning about the human circulatory system with MetaTutor,
an ITS. Specifically, we estimated whether the proportion of metacognitive pro-
cesses initiated on pages either relevant or irrelevant to achieving both learn-
ing goals 1 and 2 changed (or remained stable) and its relation to achievement
goal orientation [13], and performance using a latent growth curve modeling app-
roach. Our research questions include: (1) To what extent is the stability
or change in page-relevant metacognitive processes used across learn-
ing goals 1 and 2 during learning withMetaTutor relate to achievement
goal orientation and performance while controlling for prior knowledge
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and experimental condition? We hypothesize there will be significant rela-
tionships between the stability or change in page-relevant metacognition across
learning goals 1 and 2, achievement goal orientation, and performance, based on
the assumptions in the model of metamemory which explains that motivation and
learning goals guides metacognition while learning [11] as well as empirical find-
ings [5–7,12]. More specifically, studies find relationships between achievement
goal orientation and metacognitive process use [4] as well as metacognitive pro-
cess use and performance [3], but we do not propose a directional hypothesis due
to the mixed findings in literature. (2) To what extent does the stability or
change in page-irrelevant metacognitive processes across learning goals
1 and 2 during learning with MetaTutor relate to achievement goal ori-
entation and performance scores while controlling for prior knowledge
and experimental condition?We hypothesize there will be significant relation-
ships between the stability or change in page-irrelevant metacognitive processes
used across learning goals 1 and 2, achievement goal orientation, and performance
that are aligned with the model of metamemory [11] as well as previous empirical
findings [5–7,12]. Again, we do not propose a directional hypothesis based on the
nature of mixed findings illustrated in previous studies [3,4].

2 Methods

2.1 Participants and Materials

186 undergraduates (MAge = 20.39, SD = 2.67; 52% female) were recruited from
three large North American university and completed a 2-day study with MetaTu-
tor, a multi-agent ITS [2] designed to enhance self-regulation and knowledge
of the human circulatory system using 47 pages of text and diagrams (Fig. 2).
Most of the sample identified as ‘White/Caucasian’ (58%) and participants were
compensated $10/h for their time where the study lasted up to three hours
total. The Institutional Review Board approved of this study prior to recruit-
ment and data collection. A series of questionnaires were administered prior
to learning with MetaTutor to capture emotions, self-efficacy, and motivation1

such as the Achievement Goal Questionnaire-Revised (AGQ-R) [13], a 12-item
self-report measure designed to capture two dimensions of goal orientation: (1)
mastery/performance and (2) approach/avoidance. A 4-option multiple choice,
30-item knowledge assessment was administered before and after learning with
MetaTutor to gauge changes in knowledge of the human circulatory system. The
pre/post-tests were counterbalanced and randomized across both conditions.

2.2 MetaTutor: A System Designed to Enhance Metacognition

MetaTutor was built to enhance self-regulated learning (SRL) and knowledge of
the human circulatory system using 47 pages of text and diagrams (see Fig. 2) [2].
1 We do not provide more information on the other questionnaires administered to

maintain brevity. Readers are encouraged to email the corresponding author to
inquire more information.
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Four pedagogical agents (PAs; Pam the Planner, Gavin the Guide, Mary the
Monitor, Sam the Strategizer) were designed into the system to intervene and
scaffold performance by mirroring human tutoring interactions that were trig-
gered using event- and time-based production rules [2,30]. At the beginning of
the learning session, participants were instructed to follow the overall objective:
Learn as much as possible about the human circulatory system within a 90-min
time frame. From this, participants were required to set two learning goals that
were related to the overall objective with help from Pam the Planner. Pam the
Planner assisted participants in setting learning goals based off of their perfor-
mance on the pre-test assessment such that if participants did not do well on
certain topics of the human circulatory system (e.g., heart components), then
Pam suggested the participant set specific learning goals related to those topics.
However, participants had the agency to choose which learning goals they set
for themselves over the course of their learning with MetaTutor. Upon starting
the learning session with MetaTutor, participants had opportunities to initiate
SRL processes (e.g., summarizing or monitoring progress toward achieving their
set learning goals) which they did so by selecting buttons on the SRL palette
built into the right-hand side of the interface (Fig. 2).

2.3 Experimental Design

Participants were randomly assigned to one of the two conditions: prompt and
feedback (P+F; n = 93) or control (n = 93). In the P+F condition, participants
were prompted to use SRL processes via the SRL palette and received feed-
back on performance from the PAs (Fig. 2). Participants in the control condition
did not receive performance feedback or prompts. Each of the PAs were built
toward a specific SRL strategy and/or process for participants in the P+F con-
dition. For instance, Mary the Monitor was built to prompt participants to use
metacognitive processes such as monitor their progress toward goals, while Pam
the Planner assisted participants in setting meaningful learning goals that were
related to their prior knowledge, i.e., performance on the pre-test assessment, in
relation to the overall learning objective (regardless of experimental condition).
Sam the Strategizer was triggered to intervene participants to initiate cognitive
strategies such as summarizing content or taking notes, while Gavin the Guide
presented participants to the system (e.g., how to use tools, navigate the pages
using the table of content, etc.) and administered self-report questionnaires mea-
suring emotions throughout the learning session.

2.4 Procedure

On the first day of the study, participants were randomly assigned to a condi-
tion, and following informed consent, they were instructed by a researcher to sit
in front of a computer and complete demographic questions, self-report ques-
tionnaires and a 30-item, 4-option, multiple-choice pre-test assessment on the
human circulatory system. This task typically lasted 30–60 min. On day 2, partic-
ipants were instrumented with an electrodermal activity bracelet and calibrated
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Fig. 2. MetaTutor interface. Note 1. SRL palette on the right-hand side; learning goals
highlighted at top in black rectangle; PA in top-right hand corner of interface.

to an eye-tracker and facial recognition software2 before learning with MetaTutor.
Regardless of the condition participants were assigned to, they were required to
set two learning goals (e.g., learn about the malfunctions of the circulatory sys-
tem). Once two learning goals were set, they began viewing biology content pre-
sented within MetaTutor. Once the learning session was over, participants com-
pleted post-test questionnaires that were similar to the pre-test questionnaires as
well as a 30-item, 4-option, multiple-choice assessment on the human circulatory
system. Afterwards, participants were paid, debriefed, and thanked for their time.

2.5 Coding and Scoring

Page-Relevant and Page-Irrelevant Metacognition. The two learning
goals that participants set at the beginning of the session (i.e., before engag-
ing with biology content) served as the basis for defining whether metacognition
was relevant or irrelevant by assessing which page a metacognitive process was
initiated on (e.g., content evaluation [CE]; e.g., ‘did the page provide informa-
tion relevant to achieving learning goal 1?’). For example, if a learner set a goal
to learn about the malfunctions of the circulatory system and then initiated a
CE on a page covering blood vessels, the CE would be defined as irrelevant to
meeting their goal. If the learner initiated a CE on a page covering sickle-cell

2 We do not provide details about these data channel since they were not included in our
analysis. Readers are encouraged to email the corresponding author for more infor-
mation.
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disease, the CE would be defined as relevant to meeting their goal. This app-
roach generated a total of (1) page-relevant and (2) page-irrelevant metacognitive
processes for learning goals 1 and 2 for each participant. Next, we created propor-
tions by summing the total number of metacognitive processes initiated during
learning, which included: judgments of learning, content evaluations, monitor-
ing progress toward goals, and feelings of knowing that were initiated using the
SRL palette [33]. Afterwards, we computed four proportions for each participant
by dividing the total number of page-relevant metacognitive process by learn-
ing goal 1 or learning goal 2 over total metacognitive processes used. We did
the same for page-irrelevant metacognitive processes (see Table 1 for descriptive
statistics by condition).

Performance. To define performance, we calculated the proportion of correct
answers over total items for both pre/post-test assessments. As such, the pre-
test ratio score represented prior knowledge of the circulatory system, while the
post-test ratio scores represented the knowledge acquired after learning with
MetaTutor. Reliability metrics for both assessments (α = 0.79) indicated satis-
factory results [24].

Achievement Goal Orientation. AGQ-R scores were computed from data
captured using the Achievement Goal Questionnaire-Revised [13]. This instru-
ment operationalizes motivation using a 2 × 2 framework that captures four
goal orientation constructs: (1) mastery, (2) performance, (3) approach, and
(4) avoidance. Specifically, participants data were summed into a total of
four scores for a combination of each dimension: (1) mastery-approach, (2)
performance-approach, (3) mastery-avoidance, and (4) performance-avoidance.
These scores ranged from 1–30. Reliability metrics (α = 0.77) indicated satis-
factory results [24].

2.6 Statistical Analysis

We calculated latent growth models using a structural equation framework for
(1) page-relevant metacognition and (2) page-irrelevant metacognition across
learning goals 1 and 2 during learning with MetaTutor to examine whether
page-relevant or page-irrelevant metacognitive processes toward learning goal
1 (latent intercepts), and its stability or change toward learning goal 2 (latent
slopes), were related to AGQ-R and post-test scores while controlling for pre-test
scores and experimental condition. The latent growth curve approach was built
using confirmatory factor analysis models with an imposed factor mean structure
and constraints to yield estimates of change, such that each participant received
random-effect estimate(s) to assess whether (and to what extent) their change (or
lack thereof) differed from the trajectory of all participants (see Eqs. 1–2) [17].

Yi = Ληi + εi, (1)

ηi = α + γ(Xi) + ζi (2)
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Note that Λ represents matrix factor loadings to fit a particular change tra-
jectory; η is a vector for individual change factors (i.e., intercepts and slopes);
ε reflects a vector of residuals; α is a vector of change factor means and γ is
a matrix of coefficients for the predicted effect on latent change factors; and,
X represents the predictor variable under investigation, while ε is a vector of
random for each individual.

3 Results

Data were extracted from log files using ‘Numpy’ [22] and ‘Pandas’ [23] pack-
ages in Python. The dataset was processed and analyzed using R Studio (R
version 3.5.1) [26] with several packages: ‘utils’ [26], ‘readxl’ [27], ‘dplyr’ [21],
‘reshape’ [20], ‘psych’ [29], and ‘ggplot2’ [25]. We used the ‘lavaan’ package to
compute the structural equation model [28].

3.1 Preliminary Analyses

Prior to building the latent growth models, we generated descriptive statistics to
assess the state of each predictor variable and its relation to the outcome vari-
able (see Table 2). Homogeneous variance and normality assumptions were met
prior to conducting the analyses. Next, we calculated paired t-tests to control
for the potential effect of condition on the proportion of page relevant/irrelevant
metacognitive processes and post-test scores. The analyses suggested there were
only significant differences in the proportion of learning goal 1 page-relevant
metacognitive processes, t(156.59) = 3.41, p < 0.05. Specifically, participants in
the P+F condition demonstrated a higher proportion of page-relevant metacog-
nitive processes for learning goal 1 (M = 0.41) compared to the control condition
(M = 0.30). However, we did not find significant differences for other predictor
variables between conditions.

3.2 To What Extent Does the Stability or Change in Page-Relevant
Metacognitive Processes Across Learning Goals 1 and 2
During Learning with MetaTutor Relate to Achievement Goal
Orientation and Performance Scores While Controlling for
Prior Knowledge and Experimental Condition?

A latent growth model was calculated and suggested that the data fit the model.
The findings revealed no relationships existed between the proportion of page-
relevant metacognition, AGQ-R scores, and post-test scores (ps > 0.05) with
the exception of pretest scores (β = 0.646, p < 0.05). This finding was inconsis-
tent with our hypothesis and previous literature suggesting metacognition and
motivation were related to performance [3–7,11,12,14].
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Table 1. Descriptive statistics.

Variables M (SD) Range

Pre-test scores 0.57 (0.15) 0.93

Post-test scores 0.68 (0.15) 0.97

Proportion of learning goal 1 relevant metacognition 0.36 (0.23) 1.0

Proportion of learning goal 2 relevant metacognition 0.23 (0.19) 1.0

Proportion of learning goal 1 irrelevant metacognition 0.51 (0.24) 1.0

Proportion of learning goal 2 irrelevant metacognition 0.65 (0.23) 1.0

Mastery-approach 13.00 (2.18)∗ 15.0

Performance-approach 11.00 (3.01)∗ 15.0

Mastery-avoidance 12.00 (3.03)∗ 15.0

Performance-avoidance 12.00 (3.34)∗ 15.0

Note 2. ∗ = median.

Table 2. Fit indices for models.

Variables χ df CFI TLI RMSEA

Page-relevant metacognition 32.162∗ 16 0.884 0.782 0.074

Page-irrelevant metacognition 41.926∗ 16 0.814 0.652 0.093

Note 3. CFI = comparative fit index; TLI= Tucker–Lewis index;
RMSEA = root mean square error of approximation; SRMR= stan-
dardized root mean residual. ∗p < 0.05.

3.3 To What Extent Does the Stability or Change in Page-Irrelevant
Metacognitive Processes Across Learning Goals 1 and 2
During Learning with MetaTutor Relate to Achievement Goal
Orientation and Performance Scores While Controlling for
Prior Knowledge and Experimental Condition?

A second latent growth model was estimated and found statistically significant
relationships between post-test scores, the intercept (or stability) in the pro-
portion of page-irrelevant metacognition initiated across learning goals 1 and 2
(β = 2.55, p < 0.05), as well as pre-test scores (β = 0.640, p < 0.05; see Figs. 3
and 4). That is, the average proportion of page-irrelevant metacognition across
learning goals 1 and 2, while controlling for pre-test and condition, had a positive
relationship with post-test scores. This finding was consistent with our hypothe-
sis and previous literature suggesting metacognition and motivation were related
to performance [3–7,11,12,14]. However, it is important to note that changes in
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the proportion of page-irrelevant metacognition over learning goals 1 and 2 and
AGQ-R scores were unrelated to post-test scores. This finding was inconsistent
with our hypothesis.

Fig. 3. Changes in the proportion of page-irrelevant metacognition across learning
goals 1 and 2. Note 4. Legend on right-hand side: 0 = control; 1 = P+F condition.



234 E. B. Cloude et al.

Fig. 4. Structural equation paths for page-irrelevant metacognition. Note 5. Red
arrows= ps < 0.05; pst = post-test scores; pre= pre-test scores; grp= condition; p.
1 = proportion of irrelevant metacognition for learning goal 1; p. 2 = proportion of irrele-
vant metacognition for learning goal 2; m0 = intercept; m1 = slope; mastry.av = mastery
avoidance; performance.v = performance avoidance; mastry.p = mastery approach; per-
formance.p = performance approach. (Color figure online)

4 Discussion

In this study, we sought to address gaps in literature by defining metacognition
based on its relevance to learning goals during learning an ITS called MetaTu-
tor. Specifically, we examined if and the extent to which page-relevant and page-
irrelevant metacognitive processes changed from learning goals 1 to 2 related to
the overall objective of the learning session. Our first research question exam-
ined the extent to which the stability or change in page-relevant metacognitive
processes across learning goals 1 and 2 during learning with MetaTutor were
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related to achievement goal orientation and performance scores while controlling
for prior knowledge and experimental condition. The model suggested no rela-
tionships existed between the stability or change in proportion of page-relevant
metacognitive processes across learning goals 1 and 2, AGQ-R scores, and post-
test scores, with the exception of pre-test scores being related to post-test per-
formance. This finding was inconsistent with our hypothesis, previous literature,
as well as the model of metamemory [11] which suggests that metacognition and
motivation are related to performance. A possible explanation could be because
few studies have examined metacognition in relation to multiple (or changing)
learning goals, motivation, and performance. Additionally, capturing achieve-
ment goal orientation before learning (i.e., on the first day of the study), defined
motivation as a static trait and failed to capture motivational changes (e.g.,
metamotivation [14]). Studies provide evidence suggesting motivation fluctuates
over the course of learning [3,4,14]. Since the model of metamemory assumes
motivation drives goal setting which steers the degree to which learners engage in
metacognition [11], motivation could have changed during the learning session
and impacted metacognitive process use. Future studies should assess multi-
channel data such as eye-gaze, verbalizations, and physiology to capture more
information which may provide insight into motivational constructs (and their
changes) (e.g., expectancy-value theory, self-determination theory, self-efficacy
theory) [34,35,37] that go beyond self-report measures administered once during
the study. Multimodal data may provide more information on the role of motiva-
tional changes and its relation to metacognition and performance. A noteworthy
direction for researchers may be to adopt a goal systems theory perspective in
order to examine learning goals and motivation as dynamical systems [36].

The second research question examined the extent to which the stability or
change in page-irrelevant metacognitive processes across learning goals 1 and 2
during learning with MetaTutor were related to achievement goal orientation and
performance scores while controlling for prior knowledge and experimental condi-
tion. The model suggested that the stability in the proportion of page-irrelevant
metacognitive processes used across both learning goals 1 and 2 was positively
related to post-test scores; however, this effect was not found for motivation.
This suggests that the average proportion of page-irrelevant metacognitive pro-
cessed used across learning goals 1 and 2 (rather than the change), had a positive
relationship with post-test scores. This finding emphasizes that changes in the
proportion of page-irrelevant metacognition across learning goals 1 to 2 was not
related to performance or motivation. However, we did not include cognitive
processes in our models which could have been used to compensate for changes
in page-relevant metacognition. This effect is further illustrated in Fig. 3, where
there was an increase in the proportion of page-irrelevant metacognition from
learning goal 1 to 2. Further, we suspect again that no relationships were found
between the proportion of page-irrelevant metacognitive processes and moti-
vation because of administering self-report items before learning engaged with
biology content. This methodological approach assumes that motivation does
not fluctuated (i.e., metamotivation), where studies provide evidence suggesting
motivation fluctuates during learning and its impact on performance [3,4,14].
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4.1 Limitations

Limitations of this study include only capturing metacognition using the SRL
palette, missing any internal judgments learners may have initiated outside of
the SRL palette. We also examined count data using the proportional frequency
of metacognitive processes, where most studies focus on metacognitive accuracy
and so analyzing count data might explain the difference in our findings from
previous studies. We also captured motivation using self-report data adminis-
tered before learners engaged with learning materials, potentially missing any
fluctuations in their motivation over the course of the learning session.

4.2 Future Directions and Implications

Future studies should prioritize using multi-channel data to capture metacogni-
tion and define it in relation to learning goals. For example, what might eye-gaze
add in capturing learners’ metacognition [31], i.e., what were learners’ fixating
on before a judgment of learning was initiated and were these data aligned with
performance on the judgment of learning (e.g., learner reports understanding the
information, yet the learner did not fixate on the content where the information
resided and scored poorly on the pre/post-test)? What might a combination of
log files, eye gaze, and concurrent verbalizations offer to examine metacogni-
tion and its change over time, especially in relation to multiple learning goals?
Further, investigating the same learner across multiple domains could advance
our understanding of relations between motivation, SRL, and performance. Ide-
ally, we would have the learner engage in a domain that they find interesting
as well as a domain that they find little interest in engaging with. The data
captured across the two domains may pave a way to illustrate how motivation
constructs (e.g., interest) is reflected in SRL processes such as metacognition
and its relation to performance with ITSs. To design ITSs which scaffold effec-
tive metacognition and SRL, future research should also focus on capturing how
prevalent and relevant metacognitive processes are using multi-channel data,
which might also inform the learner’s motivation and understanding (or misun-
derstanding) of information in real-time. Thus, it is essential that future studies
contextualize their analyses to gain a more accurate insights to inform design
implications for building ITSs, which have the capacity to self-modify its pro-
duction rules to trigger interventions based on what personally motivates the
learners to engage in metacognition. Our findings provide implications for cap-
turing metacognition that is contextualized to learning goals and aligned with
the model of metamemory [11] in real-time using multi-channel data to build
ITSs and pedagogical agents which provide interventions sensitive to what per-
sonally motivates learners to use metacognition [15,16].
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Abstract. Instant Messaging tools are a part of our technified daily life. Tools
such as WhatsApp or Telegram have millions of users that send continuously
billion of messages. This can be used in different context and one of them is in
Education. An important part of education is students’ interaction and specially
how they interact when working together as a team. This paper deals with an
analysis of which of this tool is better in this specific context, especially when
students are developing teamwork competences. To facilitate the analysis of the
messages two Learning Analytics tools were developed and applied in the
context of a Computer Science degree subject, with an important increment in
students’ number of messages regarding previous years but several issues to
explore, such as: how to deal with the students that employs other tools different
to this for interacting with peers, how to encourage students to employ instant
messaging tools as real communication mechanisms, how to measure messages
content and not only quantity or how to identify the acquisition of other com-
petences analyzing the conversations.

Keywords: Teamwork � Interaction � Conversation � Instant messaging �
WhatsApp � Telegram

1 Introduction

Teamwork assessment as one of the competences more demanded by the labor market
has become also a key competence to be developed in the educational institutions [1].
The acquisition of such competences requires students to work together, in groups as
they will do possibly in their future work. Working in groups involves different type of
activities, as can be work distribution, planning, development, review and publication

© Springer Nature Switzerland AG 2021
P. Zaphiris and A. Ioannou (Eds.): HCII 2021, LNCS 12784, pp. 239–249, 2021.
https://doi.org/10.1007/978-3-030-77889-7_16

http://orcid.org/0000-0001-5881-7775
http://orcid.org/0000-0001-5909-1566
http://orcid.org/0000-0002-8400-7079
http://orcid.org/0000-0002-3173-3720
http://orcid.org/0000-0001-8277-0700
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-77889-7_16&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-77889-7_16&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-77889-7_16&amp;domain=pdf
https://doi.org/10.1007/978-3-030-77889-7_16


of the results, etc. All of them have something in common, they require team members
interaction and collaboration [2, 3].

If the educational institutions aim to facilitate the development of teamwork
competence it is necessary to assess how students acquire it. In order to do so, several
research works have shown that this cannot be evaluated only by considering each team
results, but their interaction as a key element in Team Work Competence (TWC) de-
velopment [4].

The interaction of the team members in face-to-face environments will probably
carried out by talking. However, in an educational context collaboration is not some-
thing that will take place only in this way because: 1) discussions with peers are not
always possible in classes specially with big groups; 2) in many cases collaboration
goes beyond the educational institution where students are not together; and 3) students
use other type of tools to interact between them, something that has been specially
highlighted by the pandemic situation.

Taking this heterogeneity into account it seems clear that the evaluation of students’
interactions during the teamwork activities is something hard specially with big groups,
so, it is necessary to use tools that facilitate such work. In [5] Fidalgo et al. the
researchers describe a Learning Analytics (LA) tool that allows analyzing students’
interactions in forums. This was later tested successfully in other contexts [4–10].
However, a common complaint of the students involved was that they do not use
commonly the forums to interact, that they employ other tools such as instant mes-
saging tools. This leads to the implementation of two LA tools to evaluate instant
messaging tools, one for analyzing students’ WhatsApp interactions and the other one
for Telegram [11, 12]. They were successfully applied in two experiences and with this
paper, we would like to compare both systems and to discuss which could be better for
the evaluation of the individual acquisition of TWC.

In order to do so, the paper is structured as follows. Next section describes the
research context describing and comparing WhatsApp and Telegram. Section 3 will
explore and compare the LA tools developed for the analysis. Section 4 will discuss the
implementations, comments on some preliminary evaluation results, and presents the
conclusions.

2 Research Context

This section describes the concept of Instant Messaging tools (IM) and specially
WhatsApp and Telegram apps.

2.1 Instant Messaging Tools

Nowadays one of the most common ways of communication is IM tools. These are
online tools that facilitate synchronous communication among users that has become
very popular with their inclusion in smartphones and the popularization of this kind of
devices [13]. In fact, they are one of the most significant tools in our daily life and
especially relevant for young people. They even prefer using IM apps than other
communication tools such as phone calls or email [14, 15].
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The popularity of these tools can be shown by the number of users they have.
Considering stadista.com last report (October of 2020 - data based on We are Social,
Kepios and other sources [16]), the most popular apps for IM were: WhatsApp with 2
billion users, Facebook messenger with 1.3 billion, WeChat with around 1.2 billion,
QQ mobile with 648 million, Snapchat with 433 and Telegram with 400.

In education, it is the most popular communication among students. They consider
IM tools as very straightforward apps [17] with which they can chat individually or in
groups, share images, videos, voice, talk, etc. [13]. In educational contexts, IM tools
have been applied for different purposes although the most common aim is to improve
communication experience among students and teachers [18–23]. These experiments
have shown that IM facilitates knowledge sharing and enhances interactivity between
peers; increases the sense of being present at a place; support collaboration and makes
possible to interact anywhere and anytime [23, 24]. There are nonetheless tradeoffs, the
use of IM tools can distract students from learning because it can be used for educa-
tional purposes, but it is not something easy to control [25, 26]. So, if we want to apply
these tools in education, which can be really interesting given the above describe
advantages, it is necessary to control how students are using them.

There are different possible ways to apply IM in education but the most common
are using them as a communication channel for students’ groups. Such interaction can
be later analyzed from a quantitative perspective [24] or taking into account the con-
tents of the messages [27]. In the case of this work, the idea is to use it for assessing
teamwork which has been seen as a possibility in other of the authors works, but that is
not very common.

2.2 WhatsApp vs Telegram

Given this context, we can understand that can be possible and positive to employ IM
tools in education. Now it is time to decide which tool to use. The present authors have
carried out experiments and adaptations both for WhatsApp and for Telegram, so now
we compare both technologies and later how they can be adapted for the educational
contexts.

WhatsApp
It was created as a free instant messaging tool that uses Internet to allow users to send
texting messages without character limits and share with other images, audios, videos,
weblinks, documents, etc. [28]. WhatsApp also provides additional social information
to its users, e.g., contacts can see when their friends are online, when they are typing
and when they last accessed the application. Finally, WhatsApp provides delivery
notifications, highlighting when a message is sent and when it is delivered to the
recipient’s device [29]. Recently it was acquired by Facebook.

As we have seen before it is the most popular IM app but, why is people adopting it?
Among other reasons because: it is free; the possibility to send unlimited messages; the
sense of synchronous communication; it is trendy; to interact with a group of persons
and because of the sense of privacy compared with other social networks [29].

Regarding the application of WhatsApp in education, there are several studies
describing the possibilities it provides in this field [30–32], samples about how to use it
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for students and teachers communication [20, 24], and others related to the develop-
ment of specific competences [33, 34] which also could include the works of the
authors about teamwork interaction assessment.

Telegram
Telegram is another very popular and free IM service based on an open-source plat-
form. Services are similar to those provided by WhatsApp, although there are differ-
ences that we will comment later. Telegram was developed in August 2013 by russian-
born entrepreneur Pavel Durov [35]. Telegrams users have grown in the last years,
passing from 200 million users in 2018 to 400 in 2020 [36].

The use of Telegram includes several specific services such as the use of Tele-
gram ID so someone can contact the user without a phone number, the use of bots, the
presence of an open API to integrate the tool and messages with other systems, the
access through a great number of platforms as it is stored in the cloud, etc. [35].

Regarding the possible uses of Telegram in Education it, as WhatsApp and other IM
tools is mainly used as communication channel to support educational activities in
several fields [37–40], although in this case, the possibility to use channels or bots [41]
changes the typical way in which IM tools used to be employed.

Differences Among Telegram and WhatsApp
It is necessary to point out that these two IM platforms share a lot of functionalities but
also present important differences. Although, as they are continuously evolving, the
functionalities included in each of them, tend to include what their users demands,
which means that what now is not present in one of the platforms could be included in
the near future. For instance, WhatsApp does not include stickers or animated gifs but
they have been recently implemented or Telegram that does not include video calls but
have included them in August 2020.

The following issues are based on several comparisons, we are only focused on
differences defined by tech web pages [42–44], similarities are ignored:

Privacy and Security. Although both IM tools end-to-end encryption, so conver-
sations can only be available for the receiver and sender, Telegram adds a functionality
that are secret chats where screenshots are not possible and messages are self-
destructed after a time.

Compatible platforms. Telegram is defined as a cloud-based system, so it is easier to
access it from any platform and from different devices at the same time. WhatsApp also
includes this functionality as WhatApp web, but it can be only used in a device at the
same time and it is linked to a phone number.

• Telegram ID. Telegram provides to the users an ID, so the user account does not
need to be linked to a phone number (it is only necessary on the installation) and it
is possible to share only the TelegramID and not the phone number with other
contacts.

• Groups and Channels. WhatsApp facilitates groups for 256 users while Telegram
allows in the last versions up to 200.000. In addition, Telegram allows the user to be
subscribed or to create Channels. They are a tool for broadcasting public messages
to large audiences, where the message is signed with the channel name and not the
username.
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• API. WhatsApp is a proprietary tool so if you want to use its API it is necessary to
pay for it, it is called WhatsApp Bussiness API [45]. On the contrary, Telegram is
open source, so it provides an API [46] that facilitates access to different func-
tionalities and the definition of tools that use it.

• Bots. WhatsApp is developing currently bots, but they have this functionality
available as part of the WhatsApp Bussiness API commented above. Telegram
facilitates the definition of bots [47] and their integration in the groups and chan-
nels, there exist a wide number of bots with different functionalities.

• Polls. Telegrams provide a functionality to include polls as messages in your chats.
In Whatsapp it is necessary to define them externally and embed the result as a
message.

• Other. There are other functionalities different in both tools, as the type of emojis,
the way in which backups are carried out, the possibility to pin or edit messages,
etc.

It should be noted that, independently of the differences, nowadays WhatsApp is the
most popular IM tool. Although Telegram has duplicated the number of users in one
year as shown by statista reports [36, 48].

3 LA Solutions Based on Telegram and WhatsApp

In order to evaluate TWC individual acquisition we have employed CTMTC in several
experiments but, as commented above, the students claim that their conversations using
a forum were not natural. This leads to the definition of tools to facilitate this
assessment when the interactions are carried out using WhatsApp or Telegram. In this
section, we describe and compare both solutions. In any of them, the idea is to gather
the messages and explore them with a LA tools in order to reduce the time required to
evaluate the individual work in each group [5].

3.1 LA Solution for WhatsApp

This solution has been described in two previous works. It consists of the imple-
mentation of two different components, a web plugin included in a Learning Man-
agement Course – LMS (Moodle in this case) and a LA tool. The idea is that the
teacher will instantiate a TW activity and the students can use the plugin to upload a
text file with their WhatsApp conversation. The plugin parses the information and
stores it in a new table on Moodle database. The information stored can be later
accessed by a LA tool using Moodle web services layer. The teacher could check what
the students have done in the LA and evaluate them according to a rubric. The data
shown by the LA will be the same for Telegram and for WhatsApp. Figure 1 shows the
component distribution for this option.
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3.2 LA Solution for Telegram

In this case the solution is based on Telegram bots technology, and it is independent of
any LMS. In order to develop it a bot was created that uses webhook methods to gather
the messages and facilitate a real-time analysis of the activity that take place in the
conversations where the bot is included. So, the teacher only needs to provide the
students with some guides to use the bot, they include them in their group and the
messages can be gathered and later analyzed in the LA. In this case the LA includes the
same date considered in the WhatsApp experience but there will be no integration with
the LMS. The deployment diagram of this solution is shown in Fig. 2.

3.3 Differences Between Both Solution

Technically, both solutions are ok and in both cases the LA is an external component
that should present the data to facilitate the teacher making decisions. Regarding the
differences we can find several:

• Isolated component or integration with the LMS. In the WhatsApp solution the
component is integrated into Moodle. This means that the teacher should instantiate
the activity and the students should access to it to parse their conversations. In
addition, this implies that the information parsed is stored in the institutional LMS
(commented below). In the case of Telegram there is not a component in this sense

Fig. 1. Description of the components involved in the LA tool implementation for WhatsApp
(obtained from [11]).

Fig. 2. Deployment diagram with the different components (obtained from [12]).
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beyond the bot. The integration of the component into Moodle presents several
advantages, as the centralization of all the activities and data, but also means that it
is necessary that teachers and students interact with it. In the case of Telegram, it is
more straightforward. The teachers need only to explain how the bot works and the
students to include it into the group and execute some commands.

• Data stored in the LMS or on an external Server. This can be interesting because the
information will be stored in the LMS and transferred via web services to the LA
tool, so the institution could “control” the data. The problem is that this data could
be attacked when it is transferred. In the case of Telegram this attack it is also
possible, but the information is going to be stored in an external server that we can
control. In this case WhatsApp drawback could be that the educational institution
does not allow to access to the LMS database.

• Parse the information or not. In the case of WhatsApp, we need to parse the data,
because the text conversation includes phone numbers and in the case of teachers it
is not necessary nor desirable this information but a student id in order to know the
author of each message. In the case of Telegram, as it uses TelegramIDs, the phone
number is not included in the data and the student only needs to execute a command
in the group to associate their PersonalID with the TelegramID. This means less
work to be done by the student and more privacity as the phone number is not
present in any part of the evaluation process.

4 Discussion and Conclusions

This work has explored two very popular IM Tools that can be used by students and
teachers to interact in teamwork tasks. The evaluation of the TWC requires to explore
such interaction so, in order to do this, we developed two different LA tools. The paper
has analyzed both the technical differences of the IM tools and the differences between
the LA Tools. Is this enough to answer the question about which is the best tool? We
have tested both tools in two experiments carried out with students from a second
course subject of Computer Science degree. We are still analyzing the results of the
second experiment, but with more than 100 students involved per each of them, we can
say that the question cannot be answered flatly, and it depends on several issues:

1. What tool or tools are the students using to interact? Using WhatsApp or Telegram
can be seen as a trendy solution, but they are not the only possible communication
ways of the students. If they employ other tools, then the interaction cannot always
be tracked or analyzed. As we are applying this in a controlled educational context,
we have allowed the students to use an asynchronous tool for communication
(Moodle forums) or a synchronous (WhatsApp). Most of the students involved
decide to use the synchronous tool (more than a 90%) although, especially those
with less interaction, comment that they employ other tools to chat with their team
partners, such as Skype, Discord, Facebook, etc.

2. If the students were used to employ WhatsApp or Telegram they were happy using
them, but if they have not used these tools before they say that this cause them more
effort.
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3. Students suggested the analysis of audio as a possible research work and although
WhatsApp and Telegram allow audio and videocalls, they were not defined as voice
channels. Anyway, this functionality should be taken into account in future
developments

4. The average number of messages per student has been increased in comparison with
forums with an average of 216.3 messages per student in WhatsApp vs 164.3 in
Telegram.

5. Some of the conversations seem artificial and only to answer to the assignment
requirements, that is, the students were not using these tools for a real interaction.

6. Teachers consider that any of the tools can help the to assess students’ interaction,
however, it would be useful to include emojis analysis and the application of natural
language processing techniques over the messages, so it was possible to take into
account other competences related to TWC or with leadership [49, 50].

7. From the programmers’ point of view they prefer a Telegram solution because in
this way there is not constraints related with the educational institution databases.
Although this requires securing properly the data in the server where it is going to
be stored.

Given these issues, it is clear that it is necessary to continue working in this line,
taking into account the different suggestions and promoting among the students that
they should interact using the IM as they are interacting in real conversations, which
use to be one of the hardest parts of the work.

Answering the question raised by this paper is not easy, the use of synchronous
tools is very interesting in the context of teamwork, but in anyway the students should
be motivated. If we use WhatsApp or Telegram probably is not they key issue, but how
to enhance and promote real students’ interactions.
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Abstract. To effectively process complex information within intelligent
tutoring systems (ITSs), learners are required to engage in metacognitive
monitoring micro-processes (content evaluations [CEs], judgments of learning
[JOLs], feelings of knowing [FOKs], and monitoring progress towards goals
[MPTGs]). Learners’ average monitoring micro-process strategy frequencies
were used to examine learning gains using a person-centered approach as they
interacted with MetaTutor. Undergraduates (n = 94) engaged in self-initiated
and system-facilitated self-regulated learning (SRL) strategies as they studied
the human circulatory system with MetaTutor, a hypermedia-based ITS. Using
hierarchical clustering, results showed a difference in learning between clusters
differing in metacognitive monitoring process usage. Specifically, learners who
used both CEs and FOKs for a greater proportion of monitoring strategy usage
had significantly greater learning gains than learners who used MPTGs.
Implications for monitoring strategy usage across different micro-processes and
the development of ITSs to facilitate and scaffold learners’ interactions with
these micro-processes via prompting are discussed.

Keywords: Monitoring � Self-regulated learning � Intelligent tutoring systems

1 Introduction

To effectively process complex instructional materials while learning with intelligent
tutoring systems (ITSs), learners are required to efficiently engage in and accurately
deploy self-regulated learning (SRL) strategies [1]. SRL involves learners monitoring
and modulating their cognitive, affective, metacognitive, and motivational processes to
effectively process information while interacting with complex instructional materials
such as the human circulatory system [2]. However, most learners typically lack the
SRL abilities required to successfully learn with an ITS [3, 4]. Because of this, ITSs
have incorporated scaffolding techniques (e.g., prompting) to support learners in suf-
ficiently utilizing SRL strategies (e.g., increased frequency, higher accuracy). For
example, MetaTutor [2] is a hypermedia-based ITS consisting of several pages of text
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and diagrams to guide learners’ understanding of the anatomy and function of the
human circulatory system. The environment facilitates learners’ SRL by prompting
learners to engage in specific strategies based on how frequently a learner uses a
strategy (i.e., low user-initiated frequency = more frequent SRL prompts) and for how
long the learner was engaged in the strategy (i.e., prompt to engage in the strategy for a
longer period of time). This study examines how system-facilitated prompts aid
learners’ engagement in SRL, specifically metacognitive monitoring strategy use,
during learning about the human circulatory system with MetaTutor.

1.1 Metacognitive Monitoring and SRL

Metacognitive monitoring is essential to learners’ ability to engage in SRL and achieve
set goals by accounting for their progress during learning, achievement of sub-goals,
and the effectiveness of previously used strategies [5]. These strategies are some of the
most important SRL processes as behavior regulation is based on information obtained
through monitoring. Monitoring one’s own progress through strategy use has been
integrated into multiple models of SRL, emphasizing the importance of this facet of
SRL [6]. Zimmerman’s [7] SRL model highlights monitoring within the performance
phase where learners are required to monitor their progress, understanding, and cog-
nitive engagement as the task is executed. Within Pintrich’s [8] model, monitoring is a
critical phase for learners to engage in throughout SRL. Efklides [9] introduced the
metacognitive and affective model of SRL (MASRL) in which SRL consists of two
levels - the Person level and the Task x Person level. Within the Task x Person level,
monitoring is promoted as the main process where learners’ performance on a task is
dependent on the ability for learners to monitor and control the interaction between
their cognition, metacognition, affect, and self-regulation of affect and effort throughout
the task. Within this Task x Person level, monitoring is particularly important as the
level is often data-driven where bottom-up processes are required to be controlled via
monitoring for successful performance. The conditions, operations, products, evalua-
tions, and standards (COPES) model [10, 11] identifies monitoring as occurring during
both the operations and standards phases where learners actively and consistently
monitor their progress towards goals during information processing and as products are
evaluated via self-assessment. Within COPES, monitoring is considered a central
controller that moderates learners’ cognitive evaluations and the control of cognitive
conditions, operations, and standards. The progression of SRL models throughout the
past couple decades have consistently expressed the importance of monitoring to guide
and control cognition during a learning task. Overall, monitoring is an essential process
during SRL that occurs throughout the entirety of a learning activity, influencing how
learners select information, deploy other SRL processes and strategies, and adapt these
strategies to achieve the overall goal.

Monitoring consists of several micro-processes that contribute to learners’ ability to
oversee their progress during learning, evaluate instructional materials that are being
read, and tracking their overall understanding of the instructional materials within their
environment [12, 13]. For instance, learners deploy judgments of learning (JOLs),
feelings of knowing (FOKs), and content evaluations (CEs) as well as monitoring
progress towards goals (MPTGs) to monitor their learning. JOLs are deployed by
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learners to evaluate understanding of complex instructional materials within an ITS.
FOKs require learners to evaluate their current understanding of previously encoun-
tered information. FOKs often correspond to learners’ feeling of familiarity with
information, but can also demonstrate an inability to recall certain pieces of informa-
tion. That is, FOKs reveal to what extent learners remember concepts or topics that
were introduced while they evaluate which information they may need to revisit for a
deeper understanding that better meets the learning standards or goals the learner has
set. CEs refer to judging information from instructional materials as relevant or irrel-
evant to set goals. By examining learners’ engagement in micro-processes during
monitoring, researchers may account for how learners identify inconsistencies between
information and prior knowledge, evaluate information in reference to set goals, and
achieve these goals by comprehending the information within the environment and
employing appropriate SRL strategies.

1.2 Monitoring in Intelligent Tutoring Systems

Monitoring SRL processes during learning is critical to how learners process infor-
mation from their environments, specifically ITSs. A study by Paans and colleagues
[14] examined learners’ temporal SRL activities during hypermedia learning. Results
showed that more successful learners demonstrated a more even distribution of cog-
nitive and metacognitive activity use whereas less successful learners used cognitive
strategies significantly more than metacognitive strategies. Further, Paans et al. [14]
also found that more successful learners utilized metacognitive strategies at the
beginning of the task and less at the end where less successful learners did not
demonstrate a temporal variation in SRL strategy use. This study highlights the need
for learning environments to facilitate adequate SRL strategy use, where multiple
strategies are used throughout the full learning task.

To foster and support learners’ SRL strategy use, ITSs can externally facilitate
learning by employing pedagogical agents to prompt and scaffold learners’ interactions
[15, 16]. Gaze Tutor is an ITS promoting biology-related content knowledge that
adapts pedagogical agents’ interactions with learners based on learners’ gaze behavior
[17]. This ITS was successful in increasing learning gains for deep processing by
directing learners towards important information from instructional materials that
should be attended to [17], further encouraging learners’ engagement in SRL. Meta-
Tutor has the ability for learners to be prompted to engage in SRL strategies, including
metacognitive monitoring micro-processes, via pedagogical agents to increase learners’
use of these strategies at appropriate points in time contextualized to the task (e.g., CE
prompted during reading; JOL prompted after reading). Previous studies have noted the
success of this type of scaffolding in strategy use and learning. Bouchet, Harley, and
Azevedo [18] found that as learners used MetaTutor to learn about the human circu-
latory system, adaptive prompting aided learners in self-initiating SRL processes over
time, but the quality of the SRL prompts decreased when learners self-initiated the
processes versus when they were prompted. Trevors, Duffy, and Azevedo [19] showed
that during learning with MetaTutor, learners with low prior knowledge used less SRL
strategies, such as note-taking, than learners with high prior knowledge; yet, when
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pedagogical prompting and feedback was introduced, the gaps in SRL strategy use
diminished.

While the scaffolding present in Gaze Tutor [17] indirectly supports SRL strategy
use by adaptively re-engaging learners in processing critical information, MetaTutor’s
prompting system explicitly and dynamically supports learners’ interactions with the
environment while externally facilitating SRL by prompting learners to engage in
metacognitive strategies throughout the learning session. It is important to note that
MetaTutor promotes learners’ use of specific SRL strategies, such as monitoring micro-
processes, further encouraging learners to use strategies that are aimed at specific
outcomes. For example, a prompted CE aims at aiding the learner in identifying
information that is important to their learning goal versus information that is critical for
a different learning goal. Therefore, it is essential to not only account for the temporal
alignment of SRL processes, as denoted by Winne’s [10] information-processing
theory (IPT) of SRL, but also acknowledge the micro-processes that are encompassed
within macro-processes (e.g., monitoring), as shown by Greene and Azevedo’s [12]
framework.

1.3 Theoretical Framework

To fully explain learners’ use of metacognitive monitoring processes within MetaTutor,
two models were considered as the theoretical grounding for this study. Winne’s [10]
IPT of SRL model, similar the models mentioned previously, describes learning as
occurring throughout four phases: (1) defining the task; (2) setting goals and plans to
achieve those goals; (3) deploying strategies throughout information processing; and
(4) adapting goals, plans, and strategies if the overall learning goal has not been
achieved. This model states that additional processes – i.e., conditions, operations,
products, evaluations, standards (COPES) – exist within each phase so the learner
identifies task and cognitive conditions (e.g., task constraints, prior knowledge),
deploys operations (e.g., searching, monitoring, assembling, rehearsing, translating)
that result in products, and evaluate these products against standards. From this model,
monitoring is identified as occurring throughout learning, from learners monitoring
their own understanding of task constraints to comparing products and standards for
examining how current understanding achieves the set goals.

In conjunction with the IPT model [10], we considered Greene and Azevedo’s [12]
SRL macro- and micro-processes framework which details the SRL processes that
occur throughout the four phases of IPT. The four macro-processes include planning,
monitoring, strategy use, and task difficulties and demands, each containing several
micro-processes. JOLs, FOKs, CEs, and MPTGs are considered micro-processes for
monitoring. The effectiveness of specific micro-level processes is dependent on char-
acteristics of the learning task (e.g., the learning domain) [20]. Previous studies have
shown that micro-processes used while learning history could differ from those used to
learn a different domain [20, 21], driving our research in examining how the use of
multiple micro-level processes are related to learning and to each other. For example,
do individual or pairs of micro-processes emerge from learners’ data and are they
associated with learning outcomes? Few studies have investigated how the joint use of
multiple micro-level metacognitive processes is related to learning within ITSs (see
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[14]). Addressing this gap, we use a person-centered approach to examine how
learners, when assisted by prompts from the system, engage in SRL monitoring
strategies. While previous studies have used this approach to examine learner inter-
actions with MetaTutor (see [22]) examining learner profiles based on metacognitive
monitoring variables and their relationship to learning has not been addressed. Using a
person-centered approach, we aim to examine emerging patterns of how individual or
paired monitoring micro-processes are related to learning.

1.4 Current Study

The goal of this study was to examine how learners engaged in metacognitive moni-
toring strategies throughout learning with MetaTutor, a hypermedia-based ITS, that
were both self-initiated and externally-facilitated through prompts by pedagogical
agents. While previous studies have examined metacognitive monitoring strategies,
few studies have examined the influence of both self- and externally-facilitated
instances on learning outcomes using a person-centered approach. To address the goal
of this current study, we examined three research questions: (1) Can proportional
metacognitive monitoring strategy be used to identify groups of learners?; (2) Do the
selected clusters differ in learning outcomes?; and (3) How do clusters differ in pro-
portional metacognitive monitoring strategy use?

The first research question examines how learners can be identified by their similar
interactions with SRL strategies that are both self-initiated and system-facilitated. As
other studies have used this approach to examine learner interactions with MetaTutor
(see [22]), we hypothesize that individual groups of learners who differ in their
monitoring micro-process strategy usage will be identified from the data. The second
research question examines how clusters differing in their monitoring micro-process
usage vary in their learning outcomes. While a difference in learning gains is expected,
we do not provide a directional hypothesis as (1) the clusters depend on the data-driven
results of the first research question and (2) all micro-processes are essential to learning.
The purpose of the third research question is to narrow down the comparison between
the groups that differ in their learning outcomes. For this research question, we
hypothesize that learners that have greater learning gains will demonstrate a greater
distribution of strategy use across all four monitoring micro-processes [14, 19].

2 Methods

2.1 Participants and Materials

Data from 94 (Mage = 20, SDage = 2.10; 56% female) undergraduate students from
three large public North American universities were analyzed for this current study.
Originally, 190 students participated in this study, but as our study examines self-
initiated SRL strategies in addition to system-facilitated strategies, participants from the
control condition only containing self-initiated strategies were removed from analyses,
resulting in our final dataset of 94 participants. Participants were randomly assigned to
one of two conditions. In the Prompt and Feedback Condition, participants were
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prompted by the system to engage in SRL processes and provided feedback on their
success. Participants within this condition were also able to self-initiate these processes.
In this experimental condition, learners were strongly influenced to utilize both cog-
nitive and metacognitive SRL strategies as they completed their subgoals and attained
appropriate domain-specific information by pedagogical agents which played a role in
the type of strategy that was prompted (e.g., Mary the Monitor prompted monitoring
strategies; Pam the Planner prompted planning strategies). In the control condition,
learners were not prompted by the system nor received feedback, but self-initiated all
SRL strategy interactions. After being randomly assigned to either of the two condi-
tions, the participants completed a 30-item multiple-choice pre- and post-test related to
the content presented in MetaTutor. After the post-test, participants were compensated \
$10 per hour. As a t-test revealed that these conditions did not differ in their learning
gains (p > .05) calculated from the pre- and post-test scores (see Coding and Scoring).

2.2 MetaTutor

Within this study, participants learned about the human circulatory system with
MetaTutor [2], a hypermedia-based ITS, which contains 47 pages of text and diagrams
about sub-topics and -systems related to the human circulatory system. Participants had
the overall goal to learn as much as possible about the human circulatory system (e.g.,
anatomy, purpose, how different components work together). There are several features
available within MetaTutor (Fig. 1) including a countdown timer from 90 min, table of
contents with hyperlinks to different pages of the environment, an overview of learning
(sub-)goals, the pedagogical agent, and the SRL palette which allows participants to
self-initiate different SRL strategies.

Fig. 1. Screenshot of MetaTutor environment with a countdown timer (1), table of contents (2),
current subgoal (3), pedagogical agent (4), and SRL palette (5).
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To foster learners’ use of SRL strategies (i.e., note-taking, summarizing, planning,
inference-making, prior knowledge activation, JOLs, FOKs, MPTGs, and CEs), the
MetaTutor system can prompt learners to engage in specific processes through pro-
duction rules that are enacted based on (1) learners’ monitoring and control of their
understanding of text content and ability to evaluate the content and (2) time between
SRL strategy usage. In addition to prompting learners to use these strategies, the system
also provides performance feedback on the strategy. For example, learners are informed
by a pedagogical agent that their summary of text is too long, short, or acceptable. It is
important to note that learners may also self-initiate as well as be prompted to engage in
these processes. Within MetaTutor, there are four pedagogical agents that assist
learners with different types of SRL strategies: Gavin the Guide, Pam the Planner,
Mary the Monitor, and Sam the Strategizer. Within this study, we specifically exam-
ined the monitoring processes that are initiated by Mary the Monitor – i.e., JOLs,
MPTGs, FOKs, and CEs.

2.3 Experimental Procedure

This study was conducted over a period of two days to study how participants learn
with MetaTutor [2]. On the first day, participants completed the consent form,
demographics questionnaire, self-report measures, and a 30-item multiple-choice pre-
test developed by a domain expert regarding the human circulatory system. On the
second day, participants interacted with MetaTutor. Participants were first provided an
introductory video to MetaTutor instructing on how to navigate the system and chose
two sub-goals prior to interacting with instructional materials. After setting their goals,
participants were able to read texts, examine diagrams, complete quizzes, and engage in
SRL tasks throughout learning with MetaTutor. After the learning session which lasted
approximately 90 min, participants completed a 30-item post-test about the human
circulatory system. Upon completion of the post-test, participants were thanked for
their time and compensated $10 per hour (up to $40).

2.4 Coding and Scoring

Pre- and post-test scores on the 30-item multiple-choice human circulatory tests were
used to calculate normalized change scores [23]. These equations (see Eqs. 1–2) cal-
culate the learning gains of each participant while accounting for their prior knowledge.

post � pre
100� pre

ð1Þ

post � pre
pre

ð2Þ

If the post-test score is greater than the pre-test score, participants’ normalized
change score is calculated using Eq. 1. When participants’ pre-test score is greater than
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their post-test score, the normalized change score is calculated using Eq. 2. If the pre-
and post-test scores are the same, participants received a normalized change score of 0.

Metacognitive monitoring strategies used for this study included CEs, FOKs, JOLs,
and MPTGs, recorded from participants’ log files during data collection. Usage was
defined by the proportion of participants’ metacognitive monitoring frequency in each
of the micro-processes relative to their total frequency of all monitoring processes. For
example, if a participant had a total number of 50 monitoring strategies used, and
engaged in CEs 25 times, then that participant would be characterized as using CEs for
50% of their metacognitive monitoring strategy usage. By using this proportion, we are
able to assess how each type of strategy was used relative to the total number of times
participants engaged in metacognitive monitoring. By using clustering methodology
for these variables, we are able to examine how participants were similar in their
proportional use of specific micro-processes.

2.5 Data Processing

Several packages in R [24] were used for analyses including ‘stats’ and ‘graphics’
packages from R, ‘dendextend’ [25], and ‘psych’ [26]. Clustering methodology using
Ward’s method on the Euclidian distance matrix was utilized for this study as this
allows the analyses to be driven by a person-centered approach to understand how
learners grouped by similar characteristics differ from each other to potentially use
learner profiling in future studies.

3 Results

3.1 Research Question 1: Can Proportional Metacognitive Monitoring
Strategy Be Used to Identify Groups of Learners?

Learners’ average CEs, FOKs, JOLs, and MPTG frequency proportions were used as
variables for hierarchical clustering. By using an average, the number of times each
learner used a specific metacognitive monitoring strategy was isolated to uniformly
examine the relationship between each micro-process. Using this method, four clusters
of participants were identified (see Fig. 2) differing in their metacognitive monitoring
strategy usage. The four clusters of participants were initially identified as: (Cluster 1)
greater CE and JOL usage, (Cluster 2) greater CE and MPTG usage, (Cluster 3) greater
JOL usage, or (Cluster 4) greater FOK usage (see Table 1). Cluster 4 was removed
from subsequent analyses as there were less than 10 participants. The remaining
clusters, Cluster 1 (N = 35), Cluster 2 (N = 37), and Cluster 3 (N = 15), were used in
further analyses.
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Fig. 2. Dendogram showing participants belonging to Clusters 1–4 (left to right). Horizontal
line depicts the number of clusters chosen.

Table 1. Mean (SD) proportion of metacognitive monitoring strategy usage for Clusters 1–4.

Cluster Monitoring micro-process
CE FOK JOL MPTG

Cluster 1 0.36 (0.22) 0.16 (0.16) 0.40 (0.13) 0.08 (0.04)
Cluster 2 0.43 (0.13) 0.07 (0.10) 0.15 (0.13) 0.34 (0.16)
Cluster 3 0.19 (0.05) 0.07 (0.08) 0.58 (0.17) 0.17 (0.13)
Cluster 4 0.21 (0.07) 0.56 (0.10) 0.10 (0.05) 0.13 (0.07)

3.2 Research Question 2: Do the Selected Clusters Differ in Learning
Outcomes?

An ANOVA identified the differences in learning gains between Clusters 1, 2, and 3.
One leveraging outlier for Cluster 2 was removed. While clusters significantly differed
(F(2,83) = 3.94, p < .05), post hoc pairwise t-tests with a Bonferroni correction for
multiple tests (p < .0125) identified participants in Clusters 1 (M = 0.32, SD = 0.21)
had significantly greater learning gains than participants in Cluster 2 (M = 0.20,
SD = 0.18; t(67) = 3, p = .01). Cluster 3 was not significantly different from the other
clusters (p < .0125).

3.3 Research Question 3: How Do Clusters Differ in Proportional
Metacognitive Monitoring Strategy Use?

A two-way mixed ANOVA was calculated to identify how Clusters 1 and 2 differed in
terms of both user- and system-initiated metacognitive monitoring strategy usage.
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A significant interaction between clusters and strategies (F(3,207) = 27.6, p < .0001;
see Fig. 3) and t-test pairwise comparisons with correction (p < .0125) showed learners
in Cluster 1 used CEs and FOKs significantly more whereas Cluster 2 used signifi-
cantly more MPTGs (see Table 2). However, JOL usage did not significantly differ
between clusters. A second two-way mixed ANOVA isolating proportional user-
initiated strategy usage yielded a significant interaction between clusters and strategies
(F(3,195) = 13.8, p < .0001) and replicated the learner profiles found when examining
both self- and system-initiated strategies (see Table 2).

Fig. 3. Interaction plot of overall average micro-process usage between Clusters 1 & 2.

Table 2. Comparisons of strategy usage between initiators and Clusters 1 & 2.

Initiator Monitoring micro-process
CE FOK JOL MPTG

System & User Cluster 1 0.48 (0.17) 0.11 (0.11) 0.19 (0.15) 0.22 (0.10)
Cluster 2 0.36 (0.08) 0.04 (0.05) 0.14 (0.11) 0.46 (0.10)
t(df) t(48) = 4.0* t(49) = 3.0* t(48) = 2.0 t(48) = −11.0*

User Cluster 1 0.11 (0.23) 0.10 (0.16) 0.19 (0.27) 0.59 (0.29)
Cluster 2 0.01 (0.05) 0.01 (0.05) 0.06 (0.15) 0.92 (0.16)
t(df) t(33) = 2.0* t(34) = 3.0* t(45) = 2.0 t(39) = −4.0*

Note. Mean(SD) proportion of metacognitive monitoring strategy use. * denotes
significance at a ¼ 0.0125.
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4 Discussion

The goal of this study was to use a person-centered approach to understand how
learning is related to self-initiated and system-facilitated metacognitive monitoring
strategy usage during learning about complex instructional material with MetaTutor.
The first research question examined how learners can be identified by their similar
interactions with SRL strategies. Through hierarchical clustering, we identified 4
groups of learners based on their strategy usage. The first research question shows
profiles of learners that had singularly occurring micro-processes (e.g., Clusters 3 and
4) and profiles with multiple equally-occurring micro-processes (e.g., Clusters 1 and 2).
Confirming the first hypothesis, results showed that there are distinct groups of learners
who differ in their monitoring micro-process strategy usage while interacting with
MetaTutor, supporting previous studies [22].

The second research question examined how clusters differing in their monitoring
micro-process usage vary in their learning outcomes. Consistent with our hypothesis,
results showed a significant difference between Clusters 1 and 2 in their learning gains
where Cluster 1 demonstrated greater learning gains than participants in Cluster 2.
Results from the third research question narrows down the comparison between both
Clusters 1 and 2 to examine how these specific clusters differ in their monitoring micro-
process usage. Because we only examined Clusters 1 and 2, results from Research
Question 3 partially confirmed our hypothesis. While results did not show a greater
distribution of strategy use across all four monitoring micro-processes between all
clusters, we identify significant differences between Clusters 1 and 2 in how partici-
pants within these clusters used monitoring micro-processes.

When examining the significantly different micro-processes solely between Clus-
ters 1 and 2, we profile participants belonging to Cluster 1 as having significantly
greater CE and FOK usage when examining both system-facilitated and user-initiated
strategies as well as only user-initiated strategies. Participants belonging to Cluster 2
had significantly greater MPTG usage, with no differences between clusters when
examining JOL usage. By understanding how these clusters differ in terms of
metacognitive monitoring strategy usage and learning, we infer that participants who
use more monitoring micro-processes demonstrate greater learning than those who, for
majority of their time monitoring, primarily use only one monitoring micro-process,
partially confirming our hypotheses [14, 19]. This finding is in line with SRL models
(i.e., IPT) as different processes are effective at different stages of learning. Addi-
tionally, we consider the nature of CEs and FOKs compared to MPTGs contextualized
to MetaTutor. CEs and FOKs require learners to make judgments based on the content
where instructional materials presented within the environment are evaluated for rel-
evance (CE) which directly relates to how much information participants believe they
carry over from the readings within MetaTutor (FOKs). FOKs have a direct impact on
selecting necessary learning strategies where negative FOKs may influence partici-
pants’ decisions to use cognitive strategies (e.g., note-taking) more frequently to
increase learning. In contrast, MPTGs require learners monitor their progress through a
progress bar to determine if they have interacted with enough instructional materials to
continue on to their next goal. This is expected to occur less frequently have a more
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indirect impact on strategy selection where immediate use of a control strategy is not
required. These processes and their contribution to learning and SRL can significantly
enhance current models of SRL [10, 27] by specifying the role of micro-level processes
and their feedback loops in supporting SRL with ITSs.

5 Limitations

There are a few limitations to this study that should be considered. First, this study used
a combination of both self-initiated and system-facilitated monitoring strategies within
the analyses. However, we decided to not separate these processes as they are inter-
linked due to the production rules which set the prompting. For example, a participants’
interactions with one micro-process may have been influenced by prior promptings of
the system to engage in the same or a different micro-process. Additionally, our aim
within this study was to examine how system-facilitated strategy use supplemented
self-initiated processes in order to analyze how learning gains may have been attributed
to system prompts on individual monitoring micro-processes. Second, this experi-
mental study used an exploratory method (i.e., hierarchical clustering) which examines
how the data reveals individual differences in how participants engaged in strategy use.
As such, this study does not more deeply examine exactly how and when these
monitoring micro-processes influence learning, but rather sets the stage of examining
which processes are attributed to increased learning gains based on the dynamic
interactions between learners and ITSs across time.

6 Conclusions and Future Directions

The results of this study explain how learners varying in their learning gains use
metacognitive monitoring micro-processes throughout learning with MetaTutor, a
hypermedia-based ITS covering a complex topic, the human circulatory system. From
the results, we conclude that increased learning gains are associated with the quantity of
strategies used as well as the depth of effort the strategy requires contextualized to the
learning environment. Future studies can examine how system-facilitated monitoring
strategies supplement learners’ self-initiated strategies over time during learning and
how the duration of these strategies, not just the frequency, are related to learning gains.
Our study indicates that future systems should be designed to promote a balanced use of
different metacognitive monitoring strategies, prompting the expansion of this study’s
approach in future studies to examine other areas of SRL (e.g., cognitive, emotional, and
motivational regulation processes). Future ITSs and other learning technologies can
incorporate a person-centered approach to dynamically scaffold individual learners as
they use metacognitive monitoring strategies while learning about complex topics [28].
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Abstract. In this paper, we present the results of the digital competence
assessment survey for language teachers. The survey assessed how language
teachers use digital technologies, their attitude towards these technologies, their
related skills and competencies, their satisfaction and training needs, and the
institutional support they receive. In total, 283 language teachers from 43
countries participated in the survey. The data were collected in 2019. The results
indicate that language teachers use various computer-assisted language learning
instructional methods. They generally consider that digital technologies are
beneficial for the classroom. The lack of training prevents them from using
specific technology-based methodologies, in contrast to the lack of technical
infrastructure. The majority of the participants are not satisfied with their level of
digital language teaching expertise. Two-thirds of those who receive digital
competency training at their organizations, report that the training sessions
happen irregularly or rarely. At the same time, the majority of the teachers
confirm these training to be effective and the skills they received are applied in
practice. We discuss the results of the survey in relation to the previous research,
policies and practical challenges of the digitalization of language education. The
major contribution of the paper is a representation of the teacher’s perspective
on the role of digital technologies in their practice. We assume that the new
realia of teaching in the context of COVID-19 have changed the overall need in
digital language teaching skills among the teachers, as well as the share of the
teaching staff who teach online on a regular basis. The future work includes a
new survey in order to evaluate the scope of this change.
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1 Introduction

Digital skills and competencies are widely acknowledged as essential for modern
citizens. Digital literacy was also highlighted as one of the key competencies for
lifelong learning for more than a decade, for example, in the Digital Agenda for Europe
in 2010 [1], and the Partnership for 21st Century Skills [2]. However, there is still a
long way to integrate digital technologies or Information and Communication Tech-
nologies (ICT) to their full potential in language classrooms. The key findings of a
large survey of schools in Europe were that the biggest percentage of European schools
lacked the appropriate infrastructure, had low-frequency use of digital technologies in
the classroom, and 70% of the teachers did not consider themselves as ‘digitally’
confident or able to teach digital skills effectively [3].

Furthermore, one of the major outcomes of the same survey was the urgent need to
invest in training teachers, in addition to the investment in the digital infrastructure. The
results of the same survey, published in 2019, indicated that around 60% of European
students are taught by teachers that engage in professional development activities about
digital technologies in their own time. The pandemic that started in 2020 has strongly
influenced the teaching practices in a very short time. Learning shifted to an emergency
mode, while the teachers had to quickly acquire new skills, especially in effectively
using digital technologies. During these events, the results of studies and strategic
recommendations to invest in training teachers can be seen in a new light.

Language proficiency is a key tool for common understanding between citizens,
especially in culturally diverse regions, such as Europe. Language teachers need to
acquire new skill sets regularly in order to become digitally competent. Those who aim
to organize online language courses, need different skills than those trained to teach in a
face-to-face classroom [4]. This modern educational reality even prior to the pandemic
required innovative pedagogies, open digital learning environments, and open educa-
tional resources.

The application of technologies to language learning, and particularly the use of
computers in language teaching has a history of half a century [5]. In his critical exami-
nation of the history and future of Computer Assisted Language Learning (CALL), Bax
envisaged that CALLwas going to be truly integrated into the classroom and into teachers’
practices. He posited that the end goal for CALL should be ‘normalisation’ defined by the
author as “the stage when the technology becomes invisible, embedded in everyday
practice and hence normalised” [6]. Despite the progression observed in the last twenty
years towards technology integration in language teaching, Bax’s vision for CALL still
remains an illusion. The present study aims to understand key factors that might play a role
in technology integration, focusing on the language teachers and their digital skills. For
this purpose, the research objectives of the study presented in this paper are:

1. to identify to what extent and how language teachers integrate novel technologies
and methodologies in their teaching practices

2. to map their level of digital competences and skills
3. to understand their training needs on digital technologies to later prepare adequate

and valuable training materials
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Furthermore, the study presented in this paper was designed to support higher
education institutions and other private and public organizations that need to improve
the quality of their language study programs by providing a useful set of recommen-
dations for language teaching in the digital era.

The survey presented in this paper was designed to provide the teachers’ per-
spective on the digital competences in language learning. In a context of a larger study,
the teachers’ perspective was complemented by employers’ expectations and a
reflection on the European and national policies [7–9].

The paper is structured as follows. Section 2 describes the context of the study and
the background. Section 3 presents the questionnaire that was designed for the study,
the target groups, data collection process, and the data analysis methods. Section 4
presents the results of the study, structured by eight sections of background, level of
teaching, instructional models, attitude towards digital technologies, competences in
digital teaching, satisfaction with digital competences and need for training, institu-
tional support for enhancing digital competences, and institutional aid for personal
development. In Sect. 5, we discuss the results, analyzing how they fulfill the objec-
tives outlined above. In Sect. 6, we present the limitations of the study, draw con-
clusions, and outline future work directions.

2 Background

2.1 Integration of Technologies and Methodologies in Language
Teaching Practice

With the rapid development of technology in the last twenty years, the need for the
inclusion of digital tools in second language practices has been addressed in several studies
[10–13]. Research on teachers’ integration of technologies started becoming stronger in
the 2000s. An example can be found in Lam’s qualitative study conducted in the USA to
explore teachers’ perceptions towards technological developments on education [11].
Lam reported that themain reasons that influence the adoption of technology are related to
teachers’ personal belief in benefits of technology, or lack thereof, rather than to a resis-
tance to technology. She concludes stating that teachers should not be considered
‘technophobic’, and institutions, defined by Lam as ‘technophilic’, should not rush to
obtain the latest innovations without considering the needs of teachers and students.

Albirini examined the attitudes of high school English as a foreign language
teachers in Syria toward digital technologies [10]. His quantitative study investigated
the relationship between computer attitudes and five independent variables: computer
attributes, cultural perceptions, computer competence, computer access, and personal
characteristics (including computer training background). Albirini concludes claiming
that Syrian teachers have positive attitudes toward digital technologies in education. In
particular, teachers’ attitudes were predicted by computer attributes, cultural percep-
tions and computer competence. His results pointed to the importance of teachers’
vision of technology itself, their experiences with it, and the cultural conditions that
surround its introduction into schools in shaping their attitudes toward technology and
its subsequent diffusion in their educational practice.
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More recently, Sullivan and Bhattacharya carried out a qualitative study and ana-
lyzed how technology has been perceived and used by a language teacher in her span of
twenty-year career as a foreign language educator [13]. The results revealed a complex
negotiation process, a thoughtful reflection of advantages and disadvantages of tech-
nology integration in foreign language classrooms, and the value of understanding the
cyclical nature of technology integration in education.

The successful integration of technologies in the foreign and second language
classroom was and continues to be a very challenging task as it entails the selection of
the appropriate teaching methodologies which can address specific linguistic needs. In
fact, in order new educational technologies to be effective they need to be well sup-
ported by innovative pedagogical approaches which in turn could enable collaboration,
communication and mobility [14]. To that end, there is a large body of research that
investigates the use of computers and emerging technologies in the foreign and second
language classroom known for the last 40 years as the field of CALL. What it revealed,
though, is that there are no prevailing CALL theories. It is clear that the arrival of new
technologies has driven the use of a “set” of theories which include a blend of known
learning theories, linguistic theories, Second Language Acquisition theories, and
human-computer interaction theories.

An effort to map the “CALL theories” was done by Warschauer and Healey [15]
who divided 30+ years of history from 1960s to 1990s into three main phases: a)
behavioristic CALL, b) communicative CALL, and c) integrative CALL matching
different technologies to certain pedagogical approaches. The first phase stressed
mostly the importance of behavior and promoted behaviorist language learning
approaches such as drills and practice tasks. The second phase promoted mostly the
communicative approach and the cognitivist approaches in both education theory and
second language acquisition theories. Finally, in the third phase prevailed mostly the
importance of the social contexts as preconditions for learning a language promoting
the Computer Mediated Communication technologies along with Constructivist and
Socio-Cultural Approaches and methods in foreign as well as second language learning
such as the situated learning theory, the activity theory, scaffolding learning, collab-
orative learning, project-based learning, etc.

The third phase defined by Warschauer and Healey led soon to a more recent CALL
phase which emphasised the use of web 2.0 tools, networking and the creation of
communities of practice promoting Connectivism, an influential contemporary learning
theory which “perceives learning as a process that is not entirely under the control of the
individual and occurs within complex and lacking definite form environment knowledge
needs to be connected with the right people in the right context in order to be classified
as learning” [16]. A characteristic application of Connectivism is the connectivist type
of Massive Open Online Language Courses which offer open access language courses to
a massive number of language learners supporting interactivity, peer-to-peer learning,
autonomy, social networking, openness and emergent knowledge [17].

During the last decade, CALL integrated many novel technologies (i.e., virtual
learning environments, augmented reality, artificial intelligence, smart mobile apps,
advanced computer-mediated communication tools) in the language teaching process
and introduced various innovative teaching approaches such as problem-based learning
[18], webquests 2.0 [19], game-based learning [20, 21] mobile assisted language
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learning [22], virtual reality games in language learning [23], and tandem learning in
telecollaboration [24].

Language teachers need to be well and constantly informed and trained on how to
organize online, distance or hybrid language courses to be able to make best use of all
these emerging technologies applying efficient and novel teaching approaches.

2.2 Language Teachers’ Digital Competences and Skills

Language teaching is a very challenging task as it requires a sound grounding in disci-
plinary and pedagogical content knowledge as well as in technology knowledge obtained
through constant professional development and practical experience. With the advent of
technologies, the need for hybrid, online or distant language learning and for digitally
competent language teachers has grown significantly. In fact, competency in the use of ICT
is nowadays an integral part of a foreign language teachers’ professional competency’ [25].

Digital skills include technical and pedagogical use of ICT in education and
training teachers with these skills contributes to improve the teaching-learning process
[26]. Since 2005, Hampel & Stickler stressed that “teaching language online requires
skills that are different from those used to teach language in face-to-face classrooms. It
is also different from teaching other subjects online” [27]. To that end, Hampel and
Stickler’s proposed a “skills pyramid” framework, which intended to identify the key
competences of an online language tutor proposing a pyramid of skills with seven key
competences ranging from lower-level general skills (e.g., basic ICT competence) to
higher level skills (i.e. facilitation of communicative competence).

Many more researchers investigated language teachers’ distance training and tried
to define the digital competencies and skills that language teachers should acquire [28–
33]. Digital competence encompasses a set of skills that are associated with several
areas of knowledge. For example, Zhao et al. proposed three knowledge areas which
must be integrated: a) technology proficiency, b) pedagogical compatibility and c)
social awareness [34]. Ferrari later defined digital competence as the “set of knowledge,
skills, and attitudes […] required when using ICT and digital media to perform tasks;
[…] and build knowledge” [35].

Many researchers also discussed the role of distance language tutors emphasizing
that they should be able to provide accurate feedback, encouragement, and support in
such a way that the student feels ‘reassured, valued and respected’ [30, 31, 36]. A re-
cent study [32] has shown that several factors such as collaborative learning, linking
theories with practice, access to support and resources, scaffolding learning experi-
ences, modeling ICT integration and assessment with ICT, practice through reflection-
on-action, and collaborative learning can lead language teachers to obtain an advanced
level of digital competence. This study has also shown that language teachers are
“digital role models” and need to reflect on the ways they use digital technologies.

Even though digitally skilled language teachers are needed, there is still a reluctance
towards the use of ICT. This seems to be a major barrier for the integration of digital
technologies and their use in the language classroom [37]. In fact, inmany cases (e.g., [26])
teachers still use the traditional method where the teacher is the transmitter of knowledge
and the student is a mere passive recipient. Further analysis follows in the next section.
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2.3 Language Teachers’ Training Needs on Digital Technologies

Language teachers’ integration of digital technologies in their teaching practices can be
influenced by many factors [38]. Son and Windeatt consider teachers’ training on the
use of digital technologies as a key element in teachers’ attitudes towards their use of
these technologies in the classroom [39].

Several studies investigated the impact of training in digital technologies on lan-
guage teaching practices from different perspectives [40–42], which include technology
workshops, lectures on CALL, online courses, face-to-face courses specifically
designed for a CALL certificate, and CALL master’s degrees [43, 44]. Despite the wide
range of language teacher training programs in digital technologies, Hong criticized
that the number of courses and workshops are insufficient, and their quality is inade-
quate [45]. In the same line, Ertmer and Ottenbreit-Leftwich point out that even though
teachers receive training on the use of technology, they are often incapable of inte-
grating it in their teaching practices [46]. An explanation of this phenomenon was
provided by Guichon who proposes that the technologies discovered during digital
technology education programs become obsolete after teachers obtain certification and
have the possibility to put into practice what they learnt during training [47].

In his study conducted with 108 TESOL master’s degree graduates, Kessler found
that not only informal training in digital technology through conference workshops, in-
service training, personal reading and other forms of self-edification, but also formal
instruction obtained during undergraduate courses as well as Masters’ courses on the
use of digital technologies do not serve the teachers’ pedagogical needs, specifically
when they need to create their own digital educational materials [48].

More recently, Soulé and Papadima-Sophocleous investigated CALL practices in
the Cypriot Higher Education system and their relation to teachers’ education in CALL
and professional development [12]. The study was designed to assess CALL training,
training for technology integration into the educational process, and CALL practices
among second language instructors from public and private universities. The analysis
of the data revealed a considerable variety in instructors’ training, which ranged from
in-service training, seminars, conferences, and lectures on CALL or CALL training as
part of master’s or doctorate programs. Despite this variety, the perception of
instructors towards the training received for technology integration was generally
positive, particularly in terms of its usefulness for the evaluation, selection, and use of
computer-based instructional material. However, statistically significant differences
were found among instructors according to their CALL training in terms of their
perception towards effectiveness of training, leading to the creation of computer based
instructional materials. Similarly, differences were found in the frequency of usage of
mobile devices, website creators, wikis, and other social technologies.

The purpose of the present study is, therefore, to contribute to the description of the
current situation of language teachers’ integration of technologies and methodologies
in their teaching practices, language teachers’ digital competences and skills, and
language teachers’ training needs.
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3 Method

3.1 Research Design

While designing the survey we pursued three main objectives, as described in the
introduction: to describe how teachers use digital technologies in their everyday
practice, to learn what their digital literacy level is, and what kind of training they need.
These three objectives were transformed into five main topics of the survey. We aimed
to find out the following:

• what instructional methods language teachers use in computer-supported language
learning

• what attitude language teachers have towards the use of digital technologies
• how language teachers assess their digital competence level
• how satisfied language teachers are with their level of digital competences, and

what their training needs are
• what language teachers think of the institutional aid in personal and professional

development towards digital competences

3.2 Tool Design

The survey was designed for two target groups: (a) language teachers and (b) admin-
istrators and policymakers working in the area of language learning. Questions about
the personal and professional background were included for both target groups in the
same form, but all other questions were formulated differently to make them more
relevant for the professional background of the respondents.

The data were collected with the digital tool EnjoySurvey. The questionnaire
consisted of 48 anonymous closed multiple-choice questions. The logic of the ques-
tionnaire adjusted automatically with respect to the answers the participants gave.

Even though the survey addressed both language teachers and administrators
working in the area of language learning, the number of respondents from the latter
group is not sufficient to analyze the obtained data qualitatively. Therefore, in this
paper we consider only data received from language teachers. The teachers answered in
total 32 questions structured in eight topics (Table 1).

Table 1. Survey topics and question codes

Topics Question codes

1. Personal and professional background Q1, Q2, Q13
2. Level of teaching Q3a-c, Q4a-d
3. Language learning instructional models Q5a-k
4. Attitude towards digital tech in language teaching Q6a-c
5. Competencies in digital language teaching Q7, Q8
6. Satisfaction with digital competencies training & required improvement Q9, Q10, Q10a-c
7. Institutional support for enhancing digital competencies Q11
8. Institutional aid for personal development towards digital competencies Q12
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3.3 Participants

In total, 283 language teachers answered the questions of the survey. The respondents
were predominantly female (85%), while others were male (15%). The age distribution
of survey respondents changed through five age groups: age bracket 17–25 year (4% of
respondents), 26–35 (24%), 36–45 (36%), 46–55 (24%), and 56–65 (12%).

The majority of the teaching staff surveyed (46%) have indicated a master’s degree
as their highest level of education attained. Another significant cohort of the respon-
dents (29%) have PhD-level education and other Doctoral degrees (9%). The next
largest cohort (8%) have bachelor-level education. The option Certified/licensed pro-
fessional was selected by 7% of respondents. Other options were selected by less than
one percent.

The larger part of the teaching staff surveyed (40%) has been in the profession for
1120 years. The second-largest cohort of the respondents (22%) have been teaching for
2130 years. Close to the latter, with 19% of the respondents, is the group with
610 years in service. The respondents with 5 or fewer years in service represented 10%.
And the respondents with more than 30 years in service - 9%.

The predominance of the teaching staff surveyed (69%) works at a university.
A smaller but still sizable group of the respondents (19%) work at a secondary, middle,
or primary school. Other respondents represent colleges (3%), vocational educational
institutions (3%), self-employed (3%), policy-making organizations (1%), and lifelong
learning and distant/online education institutions (1%).

The respondents stated that their employment organizations are located in 43 dif-
ferent countries. The largest number of participants located in Russia (36.7%), Czech
Republic (8.1%), Cyprus (6.0%), Austria (4.9%), Italy (3.5%), Greece (2.8%), Serbia
(2.8%), Norway (2.8%), Lithuania (2.5%), Finland (2.5%), Spain (2.1%), Japan
(1.8%), Romania (1.4%), India (1.1%), Iran (1.1%), Portugal (1.1%), Turkey (1.1%),
and in 26 other countries (less than 1% in each).

In this survey, we asked the language teachers about the cohort of students they
teach (in respect of their language acquisition), and the majority of the teaching staff
surveyed (63%) are foreign language teachers. Almost a quarter of the participants
(24%) teach both students’ first language and foreign language cohorts. And 13% of
the respondents teach only students’ first language.

3.4 Data Collection and Analysis

The data were collected from March to July 2019. The survey was promoted in the
professional networks of the study collaborators, at their universities, and on social
media.

The collected data were processed in R-programming software. The method of
descriptive statistics was used for the data analysis.
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4 Results

The results of the survey provide the language teachers’ perspective on the digital
competences in language teaching. This section is structured by the sections of the
survey and refers to the codes of specific questions where necessary (Table 1).

4.1 Instructional Models

The majority (78%) of the teaching staff who participated in the survey teach their
students face-to-face. More than half (59%) of the respondents in this category practice
the blended learning model of instruction. A third of this category’s respondents use the
online/distance instructional model (Fig. 1). The participants could choose multiple
options.

4.2 Language Learning Instructional Methods

In Sect. 3 of the survey (Table 1), we evaluated the instructional methods that language
teachers use in their daily practice. Survey question Q5 included 10 instructional
methods most commonly used in CALL (Fig. 2). The response options included two
positive alternatives, formulated as follows: “Use as the core methodology” and “Use
as an auxiliary methodology”. The response options also included three alternatives for
not using the methods (see legend on Fig. 2).

Fig. 1. Instructional models used within the last two years (Q4)
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The survey proved content-based learning and task-based learning to be the most
used as core language learning methodologies. Game-based learning and project-based
learning are the most used as auxiliary methodologies (Fig. 2).

The larger part of respondents has stated that they use all the educational technologies
under consideration in their teaching practice, with eclecticism being used the least.

The lack of necessary infrastructure proved to have little influence on the teachers’
motivation to use language teaching methodologies.

4.3 Attitude Towards Digital Tech in Language Teaching

In Sect. 4 of the survey (Table 1), the teachers were asked to state their overall attitude
towards digital technologies in language teaching, as well as in the role these tech-
nologies play in the students’ progress. The results showed that generally they agree
that digital technologies enhance language learning and are beneficial for the classroom
(Fig. 3, left). Nevertheless, the respondents rated the role of digital technologies in
academic performance of their students as less positive (Fig. 3, right).

Fig. 2. Language learning instructional models (Q5)

Digital Competence Assessment Survey for Language Teachers 273



4.4 Competencies and Satisfaction with Competencies

In Sect. 5 of the survey (Table 1), language teachers who responded to the survey self-
assessed their level of proficiency in using digital technologies, choosing from six
levels (Fig. 4, left). A question in Sect. 6 of the survey (Table 1) about the kind of
training the participants are interested in contained the same six levels (Fig. 4, right).
Each of the six levels contained a detailed description for the participants (for example,
Intermediate: I am capable of using technically specific tools and devices […]. I also
understand how to implement digital technologies in language teaching […]. I also try
to enrich the variety of digital tools that I use in my language lessons and to introduce
innovative teaching methodologies).

The majority of the teaching staff surveyed (34%) identify themselves as belonging
to the Intermediate group of digital language teaching experts (Fig. 4, left). The
second-largest group of respondents (27%) identify their digital language teaching
expertise as that of the Pre-Intermediate level, while the third-biggest percentage (22%)
consider themselves as belonging to the Advanced group. Only 5% describe them-
selves as Proficient digital language teaching experts.

A relatively small number of language teachers identify themselves as complete
novices (4%) and beginners (8%). In addition, very few require training at the beginner
level (5%) and pre-intermediate level (6%).

Assessing if the participants are satisfied with the level of digital language teaching
expertise, we suggested only two options in question Q9 (yes, satisfied and no, not
satisfied). More than two-thirds of the teachers (71%) responded not satisfied to this
question. The survey also asked if the participants believe that they can improve their
digital language teaching expertise by participating in an external digital literacy
training program in question Q10. The questions also included two answer alternatives:
yes and no. The majority of the participants (95%) responded positively to this
question.

Fig. 3. Attitude towards digital technologies in language teaching (Q6b, left) and The role
digital technologies play in students’ progress (Q6c, right)
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Among those who believe that they can improve their digital language teaching
expertise by participating in an external digital literacy training program, a majority
(43%) are interested in Advanced-level training and 18% in Proficient, while almost a
third (29%) would opt for intermediate-level training (Fig. 4, right).

The teachers who highly value the role of technology in teaching (those who opted
to 8, 9 or 10 on a scale from 1 “negative” to 10 “positive”, Fig. 3, left), noted more
often that they need advanced training than those who believe that technology plays a
mediocre role in teaching (those who have chosen 6 and 7 on the same scale).

4.5 Institutional Support and Aid

In Sect. 7 of the survey (Table 1), we assessed the institutional support for enhancing
digital competences of language teachers by asking about the availability and fre-
quency of the digital literacy training provided by the respondents’ employers.

Sizable part of the respondents (27%) reported that their employers never organize
training for advancing digital skills, while approximately half of the participants (47%)
responded that they have access to such kind of training in their workplace. (Q11).
However, two-thirds of the respondents, who receive such training at their organiza-
tions, report that the training sessions happen irregularly (36%) or as rarely as once per
year (29%). Only 21% of the teachers stated that their employers organize training
regularly. At the same time, 63% of the teachers describe the training held at their
employing organizations as effective and the skills they received are applied in practice.

Among the most preferable and effective ways to improve their level of digital
literacy apart from the formal training, the language teachers named experience
exchange sessions (34%). Other options included participation in CALL conferences
(23%), participation in special interest groups (22%), and mentoring programs orga-
nized by the educational institutions (21%).

Fig. 4. The groups of digital language teaching experts you belong to (Q7, left) and Kinds of
training participants are interested in (Q10a, right)
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In Sect. 8 of the survey (Table 1), we studied the institutional aid for personal
development towards digital competencies that the participants expect from their
employing institutions.

The survey participants expressed their opinions on how their employment orga-
nization could contribute to improvement of their digital literacy level, additionally to
training. The suggested means to facilitate the advancement of digital literacy were
selected by the participants as follows. It was possible to select multiple answers:

• Allocate working hours for language teacher digital literacy development 54%
• Arrange a technical support service or equivalent 54%
• Create a digital literacy mentoring program 52%
• Ensure there is an adequate quantity of modern, reliable digital tools available 51%
• Provide classrooms fully equipped with latest technological devices 50%
• Allocate working hours for the development of digital courses and programs 50%
• Grant unlimited access to the equipped classrooms 30%

The teaching staff surveyed tended to choose the additional methods for achieving a
higher level of digital language teaching expertise with approximately the same fre-
quency, where two means slightly ahead of the others (see the list above). The method
of granting unlimited access to the equipped classrooms emerged as the only unpopular
option. At the same time, providing classrooms fully equipped with the latest tech-
nological devices was rated as high as other methods.

5 Discussion

5.1 Use of Instructional Methods and Attitude Towards Digital
Technologies

Evaluating the instructional methods language teachers use in their daily practice, we
received rather positive results. The participants replied that they use (either as a core or
an auxiliary method) all 10 suggested instructional methods most commonly used in
CALL (Fig. 2). The answers varied from the least used method Eclecticism (22% of
participants use it as a core method and 32% use it as an auxiliary method, Fig. 2) to
Task-based learning (43% of participants use it as a core method and 51% use it as an
auxiliary method, Fig. 2). This means that language teachers use multiple and varied
CALL instructional methods.

The data confirm that the most common reason for not using specific instructional
methods was the need for training. It varied from only 5% for Content-based language
learning and Task-based learning to nearly one third –32% for Eclecticism. Out of the
ten instructional methods most commonly used in CALL, we identified four that
require more training: Collaborative knowledge building, Problem-based language
learning, Inquiry-based language learning, and Eclecticism.

The results might postulate a correlation between the data we collected and the
problem of inadequate quality or level of courses and training that might still exist
today, after it has been identified in multiple studies as early as a decade ago Hong [45]
and even earlier by Kessler [48].
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The results generally confirm the challenge of integrating digital technologies into
language teaching practices that was identified earlier [46] and confirmed in multiple
studies [3].

We evaluated the integration and use of different instructional methods together
with the digital competences of language teachers. We followed the definition of digital
competences by Ferrari [35] and considered that this set of skills includes both tech-
nical and pedagogical use of ICT [26]. And yet, the previous research shows that the
integration of digital technologies and their use in the language classroom is a long
process where many teachers are still reluctant to use digital technologies, which seems
to be a major barrier [37]. Needless to say, the integration of digital technologies into
language teachers’ praxis can be influenced by many factors [38].

In the past, the lack of digital infrastructure and services has been considered a
serious challenge [3]. The data we collected did not confirm that this is an important
reason for not using specific instructional methods. According to the results of our
survey, language teachers do not consider this obstacle to be essential, hence only 5%
or fewer participants choosing it (Fig. 2). This discrepancy can possibly be related to
the fact that the predominant majority of our survey participants (69%) were employed
at universities, and only 19% worked at a secondary, middle, or primary school. In
general, universities might have better digital infrastructure than schools, and thus
overall results did not reflect lack of infrastructure as an important barrier. According to
the data, the need for training is a much more common motive for not using specific
instructional methods.

Exploring the attitudes of language teachers towards the use of digital technologies,
we evaluated two main constituents: the frequency of use and the perceived
effectiveness.

In a general question: “Your attitude towards digital technologies in language
teaching”, the responses were very positive – 80% in the most positive end of the
Likert-scale (steps 8, 9, and 10 on Fig. 3, left). Language teachers generally see digital
technologies as something that enhances learning and is beneficial for the language
classroom. On this background, the results from a more specific question “The role
digital technologies play in your students’ progress”, provide further insights. The
respondents are still optimistic, but much lower than in the previous question: 60%
answering in the most positive end of the Likert-scale (steps 8, 9, and 10, Fig. 3, right).
Therefore, these results may point that language teachers did not use digital technology
to its full potential. This can also mean that there is a gap between the current use and
the potential that teachers believe that digital technologies should have for teaching and
learning purposes. This confirms the need for training as a means to unitize the full
potential of digital technologies.

The results of the survey presented in this paper (Fig. 3 and 4) correspond to the
findings of Son and Windeatt [39], who perceive teachers’ training in the use of digital
technologies as a key element in teachers’ attitude towards their use of these tech-
nologies in the classroom. The respondents who confirmed the high value of tech-
nology in teaching also were more certain that they want to advance their level of
digital literacy, than those whose general attitude towards technology was less positive.
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5.2 Language Teachers’ Training Needs on Digital Technologies

The key finding that contributes to defining the training needs of language teachers is
the level of required training. The analysis of the results of two survey questions: the
proficiency level the respondents identify themselves with and the level of training the
respondents are interested in (Sect. 4.3), both indicate that most language teachers have
all basic digital competencies. This means that the demand for the basic CALL or
digital literacy training is low among language teachers.

A recommendation on the level of digital competence training that is in demand
among language teachers can be derived from the same results. The majority of the
respondents identify themselves with the pre-intermediate and intermediate level, while
the levels of training the majority of respondents are interested in are intermediate and
advanced. These levels of digital language teaching expertise were defined as:

• Intermediate: I am capable of using technically specific tools and devices, i.e.
technical aspects and uses of interactive whiteboards, software for creating media,
audio/video files and images, main uses of digital equipment, mobile devices,
software for language learning, etc. I also understand how to implement digital
technologies in language teaching using the right teaching methodology for every
language need, i.e. collaborative tools like Padlet to enhance writing skills, video
editing tools like Toondoo to enhance oral and writing skills, etc. I also try to enrich
the variety of digital tools that I use in my language lessons and to introduce
innovative teaching methodologies.

• Advanced: I feel confident using more advanced digital technologies, i.e. learning
management systems (LMS), web 2.0 tools, mobile learning devices and applica-
tions for languages learning, etc. following the right language teaching method-
ology, e.g. I can independently create a blended LMS-based module on Moodle,
Canvas, edX, etc. platform and train my students and colleagues in using the
proposed technology.

By looking at the level of satisfaction that language teachers show towards digital
tools and the associated learning approaches (Sect. 4.4) and the improvement they
consider necessary (Sect. 4.5), we can get further insight into the level of demand and
characteristics of the required training.

In particular, most of the language teachers report that they are not satisfied with
their level of digital language teaching expertise. At the same time, the majority of
teachers believe that they can improve their digital language teaching expertise by
participating in an external digital literacy training program. This result confirms
previous findings by Soulé and Papadima-Sophocleous [12], who different training
modes are seen as useful by language teachers (not only formal certified programs).

The result that the respondents, although generally positive towards using digital
technologies in teaching, are not fully convinced about their usefulness for the progress
of students (Sect. 4.3), indicates that they have not reached the full potential in using
these technologies, as was previously reported [4]. These indicators correlate with the
results for the training needs of the teachers (Sect. 4.4), from which we can conclude
that organizing digital competence training for language teachers is potentially in high
demand.
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Furthermore, language teachers show interest (Sect. 4.5) in taking part in different
training activities apart from formal training, specifically in experience exchange ses-
sions. This indicates that language teachers need to have access to various kinds of
training in order to implement novel technology-enhanced learning methodologies.

6 Conclusions

The major contribution of study presented in this paper is the description of the
teachers’ perspective on the use of digital technologies in language teaching.

For the objective of identifying to what extent and how language teachers integrate
novel technologies and methodologies in their teaching practices, our results demon-
strate (a) that language teachers use multiple and varied instructional models and
(b) provide details on the use and challenges related to 10 CALL methods.

For the objective to map the level of digital competences and skills of language
teachers, our results show that (a) most language teachers have all basic digital skills
and (b) language teachers are positive towards using digital technologies in general but
are less certain about the role of digital technologies in student progress, which indi-
cates a gap between the current use and the potential that teachers see for digital
technologies.

For the objective to understand the training needs of language teachers on digital
technologies, our data show that (a) most language teachers are not satisfied with their
level of digital language teaching expertise, which is most often pre-intermediate and
intermediate and (b) the greatest majority of the teachers believe that they can improve
their digital language teaching expertise, requiring most often intermediate and
advanced-level training.

The limitations of the study include a relatively low number of participants.
Although the participants represented 43 countries, more than a third of all responses
came from a single country, while 26 countries were represented by only one or two
respondents. In addition, many of the survey questions were asking the respondents to
self-assess their skills, needs and practices. This should be considered when inter-
preting the results.

The study was designed and conducted before the start of the COVID-19 pandemic.
We assume that the new realia of teaching in the context of COVID-19 have changed
the overall need in digital language teaching skills among the teachers, as well as the
share of the teaching staff who teach online on a regular basis. Future work should
evaluate the scope of this change, investigating how language teachers use digital
technologies in the new context, their updated attitude towards these technologies, and
status of the related skills and competencies they have. We also propose to use qual-
itative methods to get a deeper understanding of the factors that facilitate and the
challenges that hinder and ultimately prevent language teachers from integrating digital
technology in their day-to-day practice. We propose conducting a comparative study of
pre- and post-pandemic use of digital technologies by language teachers and their
attitude towards technologies, analyzing how the global lockdown affected the use of
digital technologies and the development of digital competencies.

Digital Competence Assessment Survey for Language Teachers 279



Acknowledgements. The work presented in this paper has been supported by the Digital
Competences for Language Teachers project (DC4LT https://www.dc4lt.eu/). The project was
funded by the European Union’s Erasmus Plus programme, grant agreement 2018-1-NO01-
KA203-038837.

References

1. European Commission: Communication from the Commission to the European Parliament,
The Council, The European Economic and Social Committee and The Committee of the
Regions. A Digital Agenda for Europe. (2010) https://eur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=COM:2010:0245:FIN:EN:PDF

2. Partnership for 21st Century Skills: P21’s Framework for 21st Century Learning (2009).
https://files.eric.ed.gov/fulltext/ED519462.pdf

3. European Commission: 2nd survey of schools: ICT in education. final report - Study (2019).
https://ec.europa.eu/digital-single-market/en/news/2nd-survey-schools-ict-education

4. Redecker, C., Punie, Y.: European Framework for the Digital Competence of Educators:
DigCompEdu (2017). https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-
research-reports/european-framework-digital-competence-educators-digcompedu

5. Ng, K.L.E., Olivier, W.P.: Computer assisted language learning: an investigation on some
design and implementation issues. System 15(1), 1–17 (1987)

6. Bax, S.: CALL—past, present and future. System 31(1), 13–28 (2003)
7. Talmo, T., Fominykh, M., Giordano, A., Soule, M.V.: Digital searchlight – a study on digital

skills being sought amongst language teachers. In: 14th International Technology, Education
and Development Conference, Valencia, Spain, 2–4 March, pp. 4956–4965 (2020)

8. Talmo, T., et al.: Digital competences for language teachers: do employers seek the skills
needed from language teachers today? In: Zaphiris, P., Ioannou, A. (eds.) HCII 2020. LNCS,
vol. 12205, pp. 399–412. Springer, Cham (2020). https://doi.org/10.1007/978-3-030-50513-
4_30

9. Fominykh, M., et al.: Digital competences in language education: teachers’ perspectives,
employers’ expectations, and policy reflections (2019). https://www.dc4lt.eu/

10. Albirini, A.: Teachers’ attitudes toward information and communication technologies: the
case of Syrian EFL teachers. Comput. Educ. 47(4), 373–398 (2006)

11. Lam, Y.: Technophilia vs. technophobia: a preliminary look at why second-language
teachers do or do not use technology in their classrooms. Can. Modern Lang. Rev. 56(3),
389–420 (2000). https://doi.org/10.3138/cmlr.56.3.389

12. Soulé, M.V., Papadima-Sophocleous, S.: Exploring the influence of teachers’ education and
professional development in Cypriot higher education CALL practices. In: Giannikas, C.N.,
Kakoulli Constantinou, E., Papadima-Sophocleous, S. (eds.) Professional development in
CALL: a selection of papers, pp. 25–37 (2019)

13. Sullivan, N.B., Bhattacharya, K.: Twenty years of technology integration and foreign
language teaching: a phenomenological reflective interview study. Qualitative Report 22(3),
757–778 (2017)

14. Webster, L., Murphy, D.: Enhancing learning through technology: challenges and responses.
In: Enhancing Learning Through Technology, pp. 1–16 (2008)

15. Warschauer, M., Healey, D.: Computers and language learning: an overview. Lang. Teach.
31(2), 57–71 (1998)

16. Siemens, G.: Connectivism: a theory for the digital age. Int. J. Instr. Technol. Distance
Learn. 2(1) (2005). http://www.itdl.org/Journal/Jan_05/article01.htm

280 M. Fominykh et al.

https://www.dc4lt.eu/
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do%3Furi%3DCOM:2010:0245:FIN:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do%3Furi%3DCOM:2010:0245:FIN:EN:PDF
https://files.eric.ed.gov/fulltext/ED519462.pdf
https://ec.europa.eu/digital-single-market/en/news/2nd-survey-schools-ict-education
https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/european-framework-digital-competence-educators-digcompedu
https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/european-framework-digital-competence-educators-digcompedu
https://doi.org/10.1007/978-3-030-50513-4_30
https://doi.org/10.1007/978-3-030-50513-4_30
https://www.dc4lt.eu/
https://doi.org/10.3138/cmlr.56.3.389
http://www.itdl.org/Journal/Jan_05/article01.htm


17. Perifanou, M., Economides, A.: MOOCs for language learning: an effort to explore and
evaluate the first practices. In: 8th International Technology, Education and Development
Conference, Valencia, Spain, 10–12 March, pp. 3561–3570 (2014)

18. Hwang, G.-J., Hsu, T.-C., Lai, C.-L., Hsueh, C.-J.: Interaction of problem-based gaming and
learning anxiety in language students’ English listening performance and progressive
behavioral patterns. Comput. Educ. 106, 26–42 (2017)

19. Perifanou, M., Mikros, G.: “Italswebquest”: a wiki as a platform of collaborative blended
language learning and a course management system. Int. J.Knowl. Learning 5(3–4), 273–
288 (2009)

20. Godwin-Jones, R.: Augmented reality and language learning: from annotated vocabulary to
place-based mobile games. Lang. Learn. Technol. 20(3), 9–19 (2016)

21. Hwang, G.-J., Chiu, L.-Y., Chen, C.-H.: A contextual game-based learning approach to
improving students’ inquiry-based learning performance in social studies courses. Comput.
Educ. 81, 13–25 (2015)

22. Burston, J.: MALL: the pedagogical challenges. Comput. Assist. Lang. Learn. 27(4), 344–
357 (2014)

23. Dalton, G., Devitt, A.: Irish in a 3D world: engaging primary school children. Lang. Learn.
Technol. 20(1), 21–33 (2016)

24. Canals, L.: The effects of virtual exchanges on oral skills and motivation. Lang. Learn.
Technol. 24(3), 103–119 (2020)

25. Sysoyev, P.V., Evstigneeva, I.A., Evstigneev, M.N.: The development of students’ discourse
skills via modern information and communication technologies. Procedia. Soc. Behav. Sci.
200, 114–121 (2015)

26. Rodríguez, B.R., Gómez Zermeño, M.G.: Digital competences in English language teaching
and learning at high. Campus Virtuales 6(2), 51–59 (2017)

27. Hampel, R., Stickler, U.: New skills for new classrooms: training tutors to teach languages
online. Comput. Assist. Lang. Learn. 18(4), 311–326 (2005)

28. Cadorath, J., Harris, S., Encinas, F.: Training for distance teaching through distance learning.
Open Learn. J. Open, Distance e-Learning 17(2), 139–152 (2002)

29. Compton, L.K.L.: Preparing language teachers to teach language online: a look at skills,
roles, and responsibilities. Comput. Assist. Lang. Learn. 22(1), 73–99 (2009)

30. White, C., Murphy, L., Shelley, M., Baumann, U.: Towards an understanding of attributes
and expertise in distance language teaching: tutor maxims. In: Evans, T., Smith, P., Stacey,
E. (eds.) Research in Distance Education (RIDE), vol. 6, pp. 83–97. Deakin University,
Geelong (2005)

31. Shelley, M., White, C., Baumann, U., Murphy, L.: “It’s a unique role!” Perspectives on tutor
attributes and expertise in distance language teaching. Int. Rev. Res. Open Dist. Learn. 7(2),
1–15 (2006)

32. Røkenes, F.M., Krumsvik, R.J.: Prepared to teach ESL with ICT? A study of digital
competence in Norwegian teacher education. Comput. Educ. 97, 1–20 (2016)

33. Oksana, B.K., Olha, V.P.: Future english language teachers’ digital competence develop-
ment by means of storyjumper software tool. Inf. Technol. Learn. Tools 79(5), 126–138
(2020)

34. Zhao, Y., Pugh, K., Sheldon, S., Byers, J.L.: Conditions for classroom technology
innovations. Teach. Coll. Rec. 104(3), 482–515 (2002)

35. Ferrari, A.: Digital competence in practice: an analysis of frameworks. Joint Research
Centre, European Commission, Luxembourg, Report EUR 25351 EN (2012). https://ec.
europa.eu/digital-single-market/en/news/digital-competence-practice-analysis-frameworks

36. Murphy, L.M., Shelley, M.A., White, C.J., Baumann, U.: Tutor and student perceptions of
what makes an effective distance language teacher. Distance Educ. 32(3), 397–419 (2011)

Digital Competence Assessment Survey for Language Teachers 281

https://ec.europa.eu/digital-single-market/en/news/digital-competence-practice-analysis-frameworks
https://ec.europa.eu/digital-single-market/en/news/digital-competence-practice-analysis-frameworks


37. Raman, K., Yamat, H.: Barriers teachers face in integrating ICT during English lessons: a
case study. Malays. Online J. Educ. Technol. 2, 11–19 (2014)

38. Lin, C.-Y., Huang, C.-K., Chen, C.-H.: Barriers to the adoption of ICT in teaching Chinese
as a foreign language in US universities. ReCALL 26(1), 100–116 (2014)

39. Son, J.-B., Windeatt, S. (eds.): Language Teacher Education and Technology: Approaches
and Practices. Bloomsbury Academic, London (2017)

40. Davies, G.: Perspectives on Offline and Online Training Initiatives. In: Felix, U. (ed.)
Language learning online: Towards best practice, pp. 193–214. Swets & Zeitlinger, Lisse
(2003)

41. Rickard, A., Blin, F., Appel, C.: Training for trainers: challenges, outcomes, and principles
of in-service training across the Irish education system. In: Hubbard, P., Levy, M. (eds.)
Teacher education in CALL. pp. 203–218. John Benjamins, Philadelphia, PA (2006)

42. van Olphen, M.: Digital portfolios: Balancing the academic and professional needs of world
language teacher candidates. In: Kassen, M.A., Lavine, R.Z., Murphy-Judy, K., Peters, M.
(eds.) Preparing and developing technology-proficient L2 teachers. pp. 265–294. CALICO,
San Marcos, TX (2007)

43. Hubbard, P., Levy, M.: The scope of CALL education. In: Hubbard, P., Levy, M. (eds.)
Teacher Education in CALL. John Benjamins (2006)

44. Reinders, H.: Teaching (with) technology: the scope and practice of teacher education for
technology. Prospect 24(3), 15–23 (2009)

45. Hong, K.H.: CALL teacher education as an impetus for L2 teachers in integrating
technology. ReCALL 22(1), 53–69 (2010)

46. Ertmer, P.A., Ottenbreit-Leftwich, A.T.: Teacher technology change. J. Res. Technol. Educ.
42(3), 255–284 (2010)

47. Guichon, N.: Training future language teachers to develop online tutors’ competence
through reflective analysis. ReCALL 21(2), 166–185 (2009)

48. Kessler, G.: Assessing CALL teacher training: what are we doing and what could we do
better? In: Hubbard, P., Levy, M. (eds.) Teacher education in CALL. pp. 23–43. John
Benjamins (2006)

282 M. Fominykh et al.



Japanese EFL Learners’ Speaking Practice
Utilizing Text-to-Speech Technology Within
a Team-Based Flipped Learning Framework

Yasushige Ishikawa1(&) , Shinnosuke Takamichi2 ,
Takatoyo Umemoto1 , Masao Aikawa1 , Kishio Sakamoto1 ,

Kikuko Yui1 , Shigeo Fujiwara3 , Ayako Suto3 ,
and Koichi Nishiyama4

1 Kyoto University of Foreign Studies, Kyoto, Japan
{y_ishikawa,t_umemoto,m_aikawa,k_sakamoto,

k_yui}@kufs.ac.jp
2 The University of Tokyo, Tokyo, Japan

shinnosuke_takamichi@ipc.i.u-tokyo.ac.jp
3 Uchida Yoko Co., Ltd., Tokyo, Japan

{shigeo.f,a.suto}@uchida.co.jp
4 Infinitec Co., Ltd., Tokyo, Japan

nishiyama-koichi@infinitec.co.jp

Abstract. This study investigated the following hypothesis. Speaking practice
using text-to-speech (TTS) technology decreases students’ anxiety and increases
their self-efficacy toward making presentations in English in front of their
classmates. It was conducted in a university EFL flipped learning course in
which a team-based framework was implemented. First-year students who were
enrolled in the EFL flipped learning courses at a university in Japan voluntarily
participated in this study. A control group and an experimental group were
created. Pre- and post-investigation questionnaires on students’ anxiety and self-
efficacy about making class presentations in English were conducted. A two-
factor analysis of variance (two-way ANOVA) with a mixed design of time
period (pre and post) and group (experimental and control groups), and a cor-
relation analysis between the number of times they practiced, and the length of
each practice (in seconds) were conducted to validate the above hypothesis. As
for presentation anxiety, the main effect of timing was significant (p < .05,
partial η2 = .14). There was a decrease in the mean value from pre- to post-
questionnaire. Second, as for the presentation self-efficacy, the interaction effect
was significant (p < .01, partial η2 = .25). Based on the results of the analyses, it
was revealed that that speaking practice using the TTS technology decreased the
students’ anxiety and increased their self-efficacy toward making presentations
in English. It is anticipated that speaking practice in this manner would lead to
students’ increased confidence in the delivery of their presentations.
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1 Introduction: Text-to-Speech Technology for English
Education

Studies have demonstrated the usefulness of text-to-speech (TTS) technology in a
language learning setting. Handley and Hamel [1] reported positive results for TTS use
and recommended the technology for English as a Foreign Language (EFL) learners’
listening and speaking practice. TTS synthesis, which generates speech from text input,
offered means of providing spoken language input to learners in Computer-Assisted
Language Learning environments [2]. Liakin, Cardoso, and Liakina [3] claimed the
pedagogical benefits of TTS technology for second or foreign language learning.

Exposure to input of the target language is indispensable for mastering the lan-
guage. However, learners in an EFL context, such as Japanese EFL learners, are placed
in input-poor environments because English is neither their native nor official language,
and there is a limited number of native English teachers available. English as a native
language, which is in the inner circle of the three-circle model of English proposed by
Kachru [3], has been used as a source of accurate English models and the best English
teaching materials for English education in Japan. However, it is possible for TTS
technology to generate human-like voices. As Azuma [4] stated, “the time may have
come when we can use the TTS synthesized speech as a model in educational settings
focused on the teaching of foreign languages” (p. 498). Hai and Oki [4] examined the
quality of TTS synthetic speech by comparing it with natural human speech. The
results revealed that TTS synthetic speech was perceived to be almost as natural as
human speech and the students with a low English proficiency level preferred TTS
sounds to voices of native English speakers. TTS technology has the potential to
enhance EFL learning by providing easily accessible spoken language input [5].
A trainee teacher in Turkey utilized a Web-based TTS tool outside class in order to
improve her English pronunciation, and it was found that her accent started being
perceived as native, indicating that the online TTS tool may be effective as a self-study
tool for improving the trainees’ English pronunciation [6]. Even in an environment
where English is the first language, TTS technology has been used for English lan-
guage lessons. Parr [7] conducted an eight-month survey with twenty-eight grade five
students whose first language was English and revealed that the TTS technology
promoted an inclusive reading practice that facilitated language learning for students
with different reading abilities.

2 Purpose of the Study

This study aimed to investigate the following hypothesis: speaking practice using TTS
technology decreases students’ anxiety and increases their self-efficacy toward making
presentations in English in front of their classmates.

To address the above hypothesis, we developed a system that supports students’
speaking practice using TTS technology and implemented the system within a team-
based flipped learning framework in a university EFL course in Japan.
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3 Development of the System

The system we developed functions as a learning environment, which is installed on
students’ and teachers’ mobile devices, such as laptops, tablets, and smartphones. All
of its functions (see Fig. 1) were delivered using an online server. Various data,
including texts, audio files, attachments, and students’ performance data, were stored in
MySQL (see Fig. 2).

The following are the instructions for students to generate TTS sounds in the
system mentioned above.

1. Click on the “Create New” button, and when the dialog box appears, select the
document you want to convert to audio, and then, click the “Start” button.

2. Click the “Convert to Audio” button at the bottom left of the screen to convert it to
an audio file.

3. When the conversion is finished, a playback bar will appear in the lower left corner
of the screen, and you can press the bar to listen to the audio.

Fig. 1. Diagram of the functional components in the system

Fig. 2. MySQL system block diagram
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4. In the converted audio, you can set the word or expression you want as an emphasis
point, as shown in Fig. 3:
(1) By double-clicking on the word or expression you want to emphasize, it will be

highlighted in red and designated as an emphasis point.
(2) After specifying the emphasis point, click on the “Convert to Audio” button to

convert the speech again, and the speech will be generated with the required
emphasis.

4 The Team-Based Flipped Learning Framework

The above system was used in the university EFL flipped learning course in Japan.
Several studies have reported on the effectiveness of flipped learning (e.g., [8–17]).
Researchers have investigated whether adopting innovative strategies or technologies
can make flipped learning more effective [18]. Therefore, we created an original team-
based flipped learning framework and implemented it within the course.

The framework comprises three phases: (1) pre-class, (2) class, and (3) post-class
sessions. First, within small groups, students collaborate on learning tasks outside of
class. Second, after rubric-based self- and peer assessments of their out-of-class
activities, the students set a goal and collaborate in small groups on learning tasks to
achieve the goal. Before the end of the class, the students set a new goal for their next
out-of-class activities after the self- and peer assessments of their class activities. Third,

Fig. 3. Screenshot of the emphasis points (in red) and the “Convert to Audio” button with the
playback bar (Color figure online)
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outside of class, students collaborate on learning tasks within small groups to achieve
the new goal set at the end of the class session. Figure 4 illustrates the team-based
flipped learning framework.

The EFL flipped learning course was mandatory for first-year students at a uni-
versity in Japan. It consisted of three units, each having four sessions (one session per
week). The students were divided into groups of 4–5 people during the first week of the
semester and were registered in the system (See Sect. 3). The weekly outline of course
topics was as follows:

1. Week 1: Registration and instructions about the system
2. Week 2–Week 5: Unit 1; pre-questionnaire
3. Week 6–Week 9: Unit 2
4. Week 10–Week 13: Unit 3; post-questionnaire
5. Week 14–Evaluations, reflections, and feedback

5 The Study

5.1 Participants

Of the 39 first-year students, 30 students who were enrolled in the EFL flipped learning
courses at a university in Japan in AY 2020, voluntarily participated in this study. Of
those 30 students, 16 were in the experimental group and 14 were in the control group.

Fig. 4. Team-based flipped learning framework
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5.2 Method

Pre- and post-questionnaires on students’ anxiety and self-efficacy about making class
presentations in English were conducted in October 2020 and in January 2021. A 5-
point Likert Scale (from 1: strongly disagree to 5: strongly agree) was used to measure
the responses in a way that would adequately allow for the expression of a range of
beliefs about students’ anxiety and self-efficacy. Table 1 shows the questions in the pre-
and post-questionnaires.

When students used the TTS technology to practice their presentations, the number
of times they practiced, and the length of each practice (in seconds) were recorded. The
data were then downloaded in the CSV file format.

5.3 Results and Discussion

In order to verify the reliability of the results of the pre- and post-questionnaires, the
alpha (a) coefficients for presentation anxiety and self-efficacy were calculated for each
of the pre- and post-questionnaires, and each was found to be sufficient as is in Table 2.

We conducted a two-factor analysis of variance (two-way ANOVA) with a mixed
design of time period (pre and post) and group (experimental and control groups) to

Table 1. Questions in the pre- and post-questionnaires

Question Item Number
of items

Questions about anxiety about
making class presentations in
English

I feel anxious when I give a presentation in
English
When I give a presentation in English, I feel
worried about something
I feel anxious and nervous when I give a
presentation in English
When I give a presentation in English, I
sometimes think that my performance is not
as good as other students’
I sometimes feel uncomfortable and agitated
when giving a presentation in English

5

Questions about self-efficacy
about making class presentations
in English

I think I will be good at giving
presentations in English in the future
I think I can give a good presentation in
English
I am confident in my ability to give
presentations in English
I think I can give a good presentation in
English if I put my mind to it
I think I will get a good grade in my English
presentation

5
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explore the effects of the TTS technology (See Table 2). As for presentation anxiety,
the main effect of timing was significant (p < .05, partial η2 = .14). There was a
decrease in the mean value from pre- to post-questionnaire. As for presentation self-
efficacy, the interaction effect was significant (p < .01, partial η2 = .25).

Multiple comparisons (Holm) were conducted. First, there was a significant dif-
ference between the two groups, with the control group having a higher mean value
than the experimental group (p < .05). Next, there was a significant increase in mean
values from the pre- to post-questionnaires in the experimental group (p < .05).
Finally, there was a decrease in mean values from the pre- to post-questionnaires in the
control group (p = .08).

Furthermore, in the experimental group, the total number of TTS practice sessions
and the total practice time (seconds) for each student’s presentation were calculated
(Mean = 65.24, SD = 32.11). We also calculated the difference scores for each of
presentation anxiety and self-efficacy by subtracting the scores of the pre-questionnaire
from the scores of the post-questionnaire. The mean difference score for presentation
anxiety was −0.22 (SD = 0.70), and the mean difference score for presentation self-
efficacy was 0.36 (SD = 0.58).

The correlation analysis between the difference score of presentation anxiety and
the practice time per session (in seconds) showed no correlation (r = −.29, n.s.). Next,
a correlation analysis was conducted to examine the relationship between the difference
scores of presentation self-efficacy and practice time per session (in seconds), and a
positive correlation was found (r = .45, p = .08).

Regarding presentation anxiety, the main effect of timing was significant. There
was a decrease in the mean value from the pre- to post-questionnaire. Regarding the
presentation self-efficacy, the interaction effect was significant.

There was a significant difference between the two groups, with the control group
having a higher mean value than the experimental group. Additionally, there was a
significant increase in mean values from the pre- to post-questionnaires in the exper-
imental group. Moreover, there was a decrease in mean values from the pre- to post-
questionnaires in the control group.

Table 2. Mean, standard deviation, a coefficient of each subscale and results of two-way
ANOVA

Subscale Group Pre Post Main
effect of
time

Main
effect of
group

Interaction
effectMean SD a Mean SD a

Presentation
anxiety

Experimental
group

3.56 0.71 0.77 3.34 1.01 0.88 4.71* 0.50 0.07

Control group 3.39 0.69 3.10 0.98

Presentation
self-efficacy

Experimental
group

2.68 0.67 0.89 3.04 0.84 0.89 0.98 1.41 9.39**

Control group 3.26 0.75 3.07 0.72
*p < .05, **p < .01

Japanese EFL Learners’ Speaking Practice Utilizing Text-to-Speech Technology 289



The results of the correlation analysis between the difference scores of presentation
self-efficacy and practice time per session (in seconds) showed a positive correlation,
implying that the longer the students practice per session with the TTS technology, the
more their self-efficacy tends to increase from the pre- to post-questionnaires.

6 Conclusion

The study’s hypothesis—speaking practice using the TTS technology decreases stu-
dents’ anxiety and increases their self-efficacy toward making presentations in English
in front of their classmates—was supported.

The results shown in Sect. 5 revealed that speaking practice using the TTS tech-
nology decreased the students’ anxiety and increased their self-efficacy toward making
presentations in English. Thus, it is anticipated that the practice using the TTS technology
would lead to students’ increased confidence in the delivery of their presentations.

7 Further Research Directions

Our next step is to validate the hypothesis, “whether practicing presentations using a
TTS synthesis engine with an English model of Japanese EFL learners that contains
Japanese accents but does not affect communication in English, would decrease the
learners’ English presentation anxiety and would increase the learners’ self-efficacy for
making presentations in English, compared to practicing presentations, using a TTS
synthesis engine with a native English speaker’s English model.”

If this hypothesis is validated, it is expected that Japanese EFL learners will no
longer need to worry about whether they are pronouncing English as well as native
English speakers. Moreover, this will help to reduce their anxiety about speaking
English and increase their confidence in making public presentations in English.
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Abstract. This research project ultimately aims to achieve high student
engagement in learning by utilizing a rubric-based assessment system for stu-
dents’ self- and peer assessments, as well as teacher assessments and feedback.
This system was applied, at a university in Japan, to an English as a foreign
language collaborative learning course to improve students’ presentations in
English. Engagement in learning is defined in this paper as the communication
in the learning process among the participants that can be measured quantita-
tively and evaluated qualitatively. To achieve engagement in the learning pro-
cess by the participants, we created a rubric-based assessment system that
enables both teachers and students to formatively assess personal performance
toward the desired learning outcome by using a rubric, which, simultaneously,
would visualize the assessments made by the teachers and the students on the
screen of the students’ smartphones. Correlation analyses clarified the rela-
tionships among peer assessments, students’ motivations for continuous learn-
ing, and students’ course evaluations. There were positive correlations between
trust in, and usefulness of, peer assessments; and among usefulness of peer
assessments, motivations for continuous learning, and course evaluations. Semi-
constructed interviews were also conducted and the results show that peer
assessments would lead to improved performances in the students’ next pre-
sentations. These findings revealed that peer assessments and the visualization
of the assessments by the participants through a rubric-based assessment system
encourages the students to achieve mutual engagement in the learning process.

Keywords: Student engagement in learning � Peer assessment � Self-
assessment � Rubric-based assessment system
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1 Introduction

1.1 Student Engagement in Learning

Coates [1] defined engagement as “a broad construct intended to encompass salient
academic as well as certain non-academic aspects of the student experience” (p. 122). It
comprises the following five facets: active and collaborative learning, participation in
challenging academic activities, formative communication with academic staff,
involvement in enriching educational experiences, and feeling legitimated and sup-
ported by the university’s learning communities. Krause and Coates [2] defined student
engagement as “the extent to which students are engaging in activities that the higher
education research has shown to be linked with high-quality learning outcomes”
(p. 493). Coates [3] defined student engagement as “students’ involvement with
activities and conditions likely to generate high-quality learning” (p. 3) and provided
the following six engagement scales: (1) academic challenge: the extent to which
expectations and assessments challenge students to learn; (2) active learning: students’
efforts to actively construct knowledge; (3) student and staff interaction: the level and
nature of students’ contact and interaction with teaching staff; (4) enriching educational
experience: students’ participation in broadening educational activities; (5) supportive
learning environment: students’ feelings of support within the university community;
and (6) work integrated learning: integration of employment-focused work experiences
into study. Travers [4] defined learning engagement as “the ability to motivationally
and behaviorally engage in an effective learning process” (p. 50). Quaye, Harper, and
Pendakur [5] defined student engagement as “participation in educationally effective
practices, both inside and outside the classroom, which leads to a range of measurable
outcomes” (p. 3).

We adapted Travers’ definition of learning engagement, defining it as a student’s
ability to take part in learning opportunities by using effective learning processes, based
on taking responsibility for their choices. This definition also involves feedback from
oneself and other participants to assess personal performance, and undertaking
autonomous actions for self- and peer progress in the context of learning targets.
Therefore, engagement in learning is defined in this paper as the communication in the
learning process among the participants that can be measured quantitatively and
evaluated qualitatively. Such engagement should be satisfying to the participants such
that they perceive it to be sufficiently productive while not being overly burdensome;
thus, engagement would ideally be sustained over the whole course of learning.

1.2 Rubric

It is well known that student engagement in learning is enhanced when assessment
tasks and student activities are designed considering what needs to be learned [6], and
when a rubric is used effectively [7]. Reddy and Andrade [8] defined a rubric as “a
document that articulates the expectations for an assignment by listing the criteria or
what counts, and describing levels of quality from excellent to poor” (p. 435). Stevens
and Levi [9], meanwhile, defined a rubric as “a scoring tool that lays out the specific
expectations for an assignment” (p. 3) and can “provide a detailed description of what
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constitutes acceptable or unacceptable level of performance” (p. 3). Rubrics are used by
teachers to grade student performance, but they can also be used by students as a
formative assessment tool for their work in progress. When used as a student-centered
approach to assessment, rubrics can help students understand the standards of an
assignment and their learning goals [8, 10].

1.3 Learners’ Self-, Peer, and Teacher Assessments

Self-assessment is defined as “students making judgements about their own work”
([11], p. 4). Peer assessment is defined as “an arrangement whereby students evaluate
and make judgements about the work of their peers and construct feedback com-
mentary” ([12], p. 103) and peer assessment is an alternative to teacher assessment
and/or feedback [12]. In addition to self- and peer assessments, co-assessment is
included in the formative assessment [13] and is defined, by Deeley, as a shared system
of assessment which involves self-assessment in addition to assessments by peers and
the teacher [14]. An example of co-assessment is group assessment where the product
of a student group work is assessed by the students from another group (inter-peer
assessment) or as the product of student group work assessed by the students within
that group (intra-peer assessment) as well as self-assessment by individual students
[11]. Providing assessment criteria is crucial in self-, peer, and group assessments. The
assessment criteria should be connected to learning outcomes; thus, a rubric is an
essential tool to provide students with a clear image of what is expected as those
outcomes [15]. If students receive peer assessments contradictory to what they
understand, they should go back to the rubric to clarify the expectations [16]. Students
can learn a lot about higher education’s assessment culture if they are involved in
designing the assessment criteria to be used in peer assessments [11].

In this study, therefore, we asked students which aspects of their performance they
preferred to be assessed on and used their answers to create a rubric for assessing
student performance in terms of desired learning outcomes. We then developed a
rubric-based assessment system for mobile devices such as laptops, tablets, and
smartphones that displays the assessments done by teachers and students.

2 Purpose of the Study

The purpose of this study is to achieve engagement in learning by participants with the
use of a rubric-based assessment system for students’ self- and peer assessments as well
as teacher assessments and feedback in the English as a foreign language (EFL) col-
laborative learning course and, in particular, to improve students’ presentation skills in
English at a university in Japan.

To achieve engagement in the learning process by the participants, we created a
rubric-based assessment system that enables both teachers and students to formatively
assess personal performance in terms of the desired learning outcomes and also,
simultaneously, visualizes the assessments on the students’ mobile devices.
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3 Research Question

The study was conducted to answer the following research question regarding the use
of a rubric-based assessment system to enable formative assessments by the teachers
and students: Would the use of a specially developed rubric-based assessment system
encourage students to achieve engagement in the learning process?

4 Development of the Rubric-Based Assessment System

Research into increasing student engagement has generally focused on teaching
methods and general principles. Here we explored the development of a specific
practical tool, the rubric-based assessment system. The system functioned as a learning
environment on students’ and teachers’ mobile devices. All its functions (see Fig. 1)
were delivered through an online server. Various data, including texts, audio files,
attachments, and students’ performance data, were stored in MySQL (see Fig. 2).

Fig. 1. Diagram of the functional components in the rubric-based assessment system

Fig. 2. MySQL system block diagram
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Our system enabled both teachers and students to: (1) assess personal performance
by using the created rubric, and (2) simultaneously look at the assessments provided by
teachers, themselves, and peers on their devices. This system was applied to the EFL
collaborative learning course to improve students’ presentation skills in English at a
university in Japan. Figure 3 shows a screenshot of the assessments made by a teacher
and the students within the system.

5 The Study

5.1 Participants

Fifty-one out of the fifty-seven first- and second-year students who were enrolled in the
EFL collaborative learning courses at a university in Japan in AY 2020, voluntarily
participated in this study to improve their English presentation skills.

5.2 Method

A questionnaire was provided, at the end of December 2020, to each participant
(n = 51) to elucidate feelings about peer assessments, students’ motivation for con-
tinuous learning, and students’ course evaluations [17]. The questionnaire consisted of

Fig. 3. Screenshot of assessments made by a teacher and the students
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four parts (see Table 1). A 5-point Likert Scale (ranging from 1–strongly disagree, to
5–strongly agree) was used for the responses, to adequately allow for the expression of
a range of participants’ feelings about peer assessments, students’ motivations for
continuous learning, and students’ course evaluations.

Semi-structured interviews were conducted with ten randomly selected participants
two weeks after the questionnaires were completed. How the students felt about self-
assessments, peer assessments, and the visualization of the assessments to all the
participants through the rubric-based assessment system was asked. Because we were
trying to get comments from the students on how they were impressed with self-
assessments, peer assessments, and the visualization of the assessments to all the
participants through the rubric-based assessment system, we conducted interviews with
them.

5.3 Results and Discussion

To verify the reliability of the results of the questionnaire, the alpha (a) coefficients
were calculated for each subscale, and the values were sufficient. The mean and

Table 1. Questionnaire

Question Item Number
of items

Questions about trust in peer
assessments

I think the peer assessment by the participants is
reliable
I think the assessment given to me by the peer
assessment is valid
I think that peer assessment can be a hit or miss
depending on who is assessing me

3

Questions about usefulness
for peer assessments

I think that peer assessment will help me deepen
my understanding
I think it is worthwhile to be able to see various
presentations through peer assessment
I will try to assess all the presentations in an
honest manner
I think it will be useful to assess each other

4

Questions about course
evaluations

What I learn in this class is important to me
I like studying in this class
I think that learning in this class will be useful for
me
I think what I will learn in this class will be useful
for me to know
I think it is interesting to learn in this class
It is important for me to understand what I have
learned in this class

6

Questions about motivation
for continuous learning

Would you like to take this class again in the
future?

1
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standard deviation were then calculated for each subscale (See Table 2 for means,
standard deviations, and a coefficients for the subscales).

A correlation analysis was conducted to examine the relationships among the
subscales. There was a positive correlation between trust in peer assessments and the
usefulness of peer assessments (p < .001). This means that students who have trust in
the peer assessments have a higher usefulness for the peer assessments. There was also
a positive correlation between the usefulness of peer assessments and course evalua-
tions (p < .001), and between the usefulness of peer assessments and motivations for
continuous learning (p < .001). This indicates that students who find peer assessments
highly useful value the course and are inclined to continue taking the course. Moreover,
course evaluations were strongly correlated with motivations for continuous learning
(p < .001). This shows that students who valued the course highly are more motivated
to continue taking the course. Based on the above results and analyses, it is apparent
that peer assessments can contribute to both motivating students regarding continuous
learning and highly valuing the course, and generally engaging them in their learning
(See Table 3 for the results of the correlation analyses).

In the semi-structured interviews, self-assessments, peer assessments, and the
visualization of the assessments to all the participants through the rubric-based
assessment system were discussed with the participants.

Regarding the self-assessments, it was found that the participants had negative
views on self-assessments, such as “I am too nervous to remember much during the
presentation, so I cannot evaluate objectively,” “I am too positive and sometimes not
accurate, therefore, I cannot rely on it,” and “I evaluate without properly understanding

Table 2. Mean, standard deviation, and a coefficient of each subscale

Subscale Mean SD a

Trust in peer assessments 3.55 0.69 .74
Usefulness for peer assessments 4.26 0.56 .74
Course evaluations 3.90 0.78 .94
Motivation for continuous learning 3.73 0.98

n = 51

Table 3. Results of the correlation analyses

1 2 3

1 Trust in peer assessments
2 Usefulness for peer assessments .57***
3 Course evaluations .33* .60***
4 Motivation for continuous learning .23 .46*** .82***
*p <. 05, ***p <. 001
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what was wrong.” Regarding the peer assessments, the following comments were
collected: “I thought it was good to have my presentation assessed so that I could learn
in detail about areas for improvement that I would not have noticed on my own,” and
“The audience listens to the presentations, and the opinions from an objective point of
view which will help me improve my presentation next time.” These comments showed
that the participants had positive feelings about the peer assessments. Regarding the
visualization of assessments through the rubric-based assessment system, all partici-
pants felt the visualization would lead to confidence in their next presentations.

6 Summary of the Findings

The research question of this study—whether the use of the specially developed rubric-
based assessment system would encourage students to achieve engagement in the
learning process by the students—was answered positively:

• The correlation analyses indicated that peer assessments can contribute to both
motivating students regarding continuous learning and course evaluation, as well as
improving their engagement in their learning.

• The semi-constructed interviews showed the students felt that peer assessments
would be indispensable and that it would encourage then to perform better in their
next presentation.

These two results revealed that peer assessments and the visualization of the
assessments, by the participants through the rubric-based assessment system, were key
to achieving engagement in the learning process and ultimately students’ achievement
of the desired learning outcomes.

7 Conclusion

This research shows that peer assessments, with the use of a rubric-based assessment
system, encourage students to achieve engagement and desired outcomes in the
learning process. The usefulness of peer assessments was strongly correlated with
students’ course evaluations and with students’ motivations for continuous learning. In
the interviews conducted, the students commented that peer assessments could
encourage them to perform better in their next presentations. Therefore, to enhance
students’ course evaluations and students’ motivations for continuous learning, it is
necessary to conduct course designs and teacher assessments and feedback that rec-
ognize the usefulness of peer assessments.

Further research is warranted. We are planning to investigate whether the gap
between students’ and teachers’ rubric-based assessments is correlated with students’
achievement of the desired outcomes, and if so, in what ways the gap can be visualized
and corrected.
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Abstract. Even though research in the use of cloud technologies in the delivery
of online courses is expanding, online language Teacher Education remains an
unexplored area. This paper reports on the results of a study conducted during
spring 2018 and 2019, in which the G Suite for Education was utilised for the
delivery of an online Teacher Education course in English for Specific Purposes
(ESP) based on social constructivism and connectivism. It specifically focuses
on the benefits and the challenges encountered while using some of the core
services of the suite. A total of 24 English language educators from different
countries participated in the study. Data were collected through questionnaires
administered to the participants before the course, the facilitator’s field notes, the
participants’ reflective journals, comments on Google Classroom and Facebook
Messenger during the course, and focus groups/interviews after the completion
of the course. The results of the study revealed that the G Suite for Education
may potentially create the appropriate environment and conditions for learning
and professional development. The study also revealed many positive aspects of
these technologies as well as challenges encountered. At a time when schools,
universities and other educational institutions are moving all of their operations
online, this paper can prove useful for all educators, especially language teacher
educators, who wish to consider using the G Suite for Education in their
practices.

Keywords: Online language teacher education � Cloud computing � G suite for
education � Social constructivism � Connectivism

1 Introduction

The development of technology and the constantly changing needs of the society today
have led to the rise of online education. The disruption of education and the sudden
shift away from on-site learning, because of COVID-19, have brought about dramatic
changes resulting in remote learning through the use of various technology tools. The
reliance on online education as the only viable solution during the pandemic, has
established cloud computing technologies as “an unsung hero” [1, p.1]. According to
the National Institute of Standards and Technology, cloud computing “enables ubiq-
uitous, convenient, on-demand network access to a shared pool of configurable com-
puting resources (e.g., networks, servers, storage, applications, and services) that can be
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rapidly provisioned and released with minimal management effort or service provider
interaction” [2, p.2]. These developments have affected all fields of education including
language Teacher Education.

As research into the integration of cloud-based tools and Learning Management
Systems (LMSs) in the learning and teaching process is growing, the use of tools such
as the G Suite for Education in language learning and teaching is becoming more
popular [3–5]. Nevertheless, despite the popularity that the G Suite for Education has
been gaining the last years, the studies which report on the use of the suite for language
TE are still limited.

This paper describes the experience of using the G Suite for Education for the
delivery of an online English for Specific Purposes (ESP) Teacher Education course
designed at the Cyprus University of Technology. More specifically, it focuses on the
way some of the tools were used and elaborates on the benefits as well as some
challenges encountered while using these tools.

2 Literature Review

2.1 Cloud Technologies and the G Suite for Education

Cloud computing has dominated many aspects of professional and personal life, while
a decade ago, many people foresaw that cloud technologies were going to revolutionize
the IT industry [6]. The potential of cloud technologies lies in their qualities, in other
words their on-demand self-service, broad network access, resource pooling, and
measured service [2, 6]. These affordances serve many different fields, including
education.

The G Suite for Education constitutes the suite of cloud-based tools launched by
Google that can be employed in education. The core services of the suite include
Gmail, Calendar, Classroom, Contacts, Drive, Docs, Forms, Groups, Sheets, Sites,
Slides, Chat, Meet, Vault, and Chrome Sync. Generally, the G Suite for Education has
been regarded as cost effective, convenient, practical, flexible with high scalability [7].
As with every other cloud-based technology, minimal infrastructure is required; only an
electronic device with access to the internet and reliable internet connection. Moreover,
the G Suite applications are freely downloadable on devices such as tables or
smartphones.

The benefits resulting from the use of G Suite for Education tools in the educational
process reported in the literature are numerous. The ease with which these applications
can be incorporated into mobile devices was one of the main reasons why the suite was
selected as a LMS at Polotsk State University in Belarus, according to Barun, Dauhiala,
Dauhiala, and Dziatlau [8]. The researchers investigated the perceptions of students
towards the G Suite for Education, and stated that students were generally positively
oriented towards the use of these Google tools in the teaching and learning processes.
Some of the positive aspects of the suite they mentioned were permanent access to the
materials, participation in online testing, submission of electronic assignments, possi-
bility to pose questions, and synchronous communication. Korobeinikova et al. [9] also
discussed the use of the G Suite for Education in tertiary education contexts. They
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supported that using mobiles, smartphones or other electronic devices in higher edu-
cation “is neither entertainment nor a tribute to fashion”, but an integral part of the
learning process (p. 108); in this sense, cloud technologies can only facilitate access to
educational material and make course management easier. Praising the affordances of
the suite, the researchers stated that it can fully support “the main factors of intensi-
fication of teaching” [9, p.110].

Similarly, Bhat, Raju, Bikramjit, and D’souza [10] talked about the effectiveness of
Google Classroom regarding the submission of assignments; more specifically, they
referred to the ability to keep track of late submissions without facing difficulties with
understanding the handwriting of students. In their study, both teachers and students
commented positively on the use of such tools and appeared to understand the need to
shift from the use of traditional teaching methods to e-learning tools. They emphasised
however, the need for being adequately prepared to deal with the technical aspect of
these technologies by receiving appropriate training. Talking about the qualities of
Google Classroom, Fenton [11] expressed the view that amongst the greatest virtues of
Google Classroom are its simplicity and the fact that it is connected with all the other
tools of the G Suite, providing thus the course designer and the instructors with a wide
variety of affordances and immediate access to G Drive. He also made reference to the
fact that it allows for collaboration. Apart from research in the field of education in
general, research from the field of language education in particular also proves that G
Suite for Education tools have been used in ESP contexts in tertiary education, and they
have been positively perceived by the students and the course facilitator [4, 5].

Despite the benefits that have been reported in the literature, there have also been
some challenges associated with the use of the G Suite for Education. Abid Azhar and
Iqbal’s [12] research study focused on the opinion of higher education teachers on the
effectiveness of Google Classroom. According to their results, teachers expressed the
view that the contribution of the tool to their teaching effectiveness or the learners’
engagement was not important. They even added that other platforms can be more
effective than Google Classroom. Other concerns reported in the study related to dif-
ficulties encountered by the students with the use of the tool and misuse of mobile
technologies in the classroom. What is interesting to note is that the researchers sup-
ported that the reason for these challenges stemmed from their lack of training, and
they stressed the need for appropriate training in the use of G Suite for Education tools
by both teachers and students. Additionally, Bhat, Raju, Bikramjit, and D’souza [10]
expressed a concern which relates to the originality of students’ work, since it is easy to
share their work with each other; nevertheless, they believed that this difficulty can be
overcome when plagiarism check is applied on the assignments.

2.2 The G Suite for Education in Language Teacher Education

Even though the use of the G Suite for Education has become popular the last years,
only a limited number of studies have investigated the use of these tools for Teacher
Education. Heggart and Yoo’s [13] study is among the few. Its purpose was to examine
the effectiveness of using Google Classroom with a group of 33 final year pre-service
primary TE students, and the results showed that Google Classroom was very posi-
tively perceived by both the students and the instructors and that the platform was
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regarded as easy to access, and encouraged collaboration and the student voice. Fur-
thermore, it provided students with the opportunity to learn autonomously and enabled
the instructors to move on with a quicker pace in the class.

Basher [14] was another researcher who applied Google Classroom in a Teacher
Education context. Following the experimental approach, Basher [14] divided a group
of 60 students in Saudi Arabia into two groups of 30 students each, the control group
and the experimental group. The researcher taught the control group in the traditional
way, while the experimental group was introduced to Google Classroom, which was
used to share course materials. The results of the study showed that there were sig-
nificant statistical differences in the results between the experimental and controlled
group when the Google classroom application was utilised, which related to teaching
efficiency and academic achievement.

Another study that investigated the use of Google Classroom at Teacher Education
level was that of Gupta and Pathania [15], who attempted to explore the web-based
learning environments of Google Classroom and to assess its effectiveness. The sample
consisted of 60 M.Ed. and M.A. Education students in a college of education in Jammu
where Google Classroom was implemented. The findings of the study showed that
students used Google Classroom to communicate with each other, and they felt
autonomous and able to ask their instructor questions that they might have. Generally,
they enjoyed learning and working collaboratively. The study also revealed that there
were no gender differences between male and female students in their Google class-
room learning environments. Moreover, it was found that there were no significant
differences between the courses that students attended. In general, the majority of
students preferred Google Classroom to more conventional methods, and they char-
acterised Google classes as more interesting, livelier and more enjoyable. Students
were also able to learn faster.

The research study described in this paper was conducted in spring 2018 and 2019
and focuses on the use of the G Suite for Education for the delivery of an online
Teacher Education course in ESP. The section that follows sheds light on some of the
aspects of the course in order to provide a background for the study.

2.3 The Online English for Specific Purposes Teacher Education Course

Even though ESP is an area which has been developing during the last decades, the
need for ESP Teacher Education remains intense [16, 17]. An investigation of the
existing ESP Teacher Education courses, shows that they are low in number, mostly
offered at an MA level, on-site, demand the physical presence of the trainees, and
cannot cater for the needs of ESP practitioners who cannot leave their teaching posi-
tions in order to receive Teacher Education. Sensing this need, the researcher devel-
oped an online ESP Teacher Education course, named the Reflective Teacher
Education course in ESP, based on social constructivist and connectivist theories of
learning. More details on the curriculum of this course can be found in Kakoulli
Constantinou and Papadima-Sophocleous [18].

Having investigated various online platforms for the delivery of the course, it was
decided that the G Suite for Education was the most appropriate one for this purpose.
The suite was user-friendly, free of charge and there was support at no cost 24 h, seven

304 E. Kakoulli Constantinou



days a week. Through the G Suite for Education administrative account, the course
facilitator (and researcher) could provide all the trainees with Google usernames and
passwords, and both the trainees and the course facilitator were offered limitless storage
space. Furthermore, the tools that they had access to allowed for organisation of the
course material, easy collaboration, administration of students’ work, easy grading and
feedback, and also self and group reflection. Lastly, no advertisements appeared while
using the suite.

The G Suite for Education tools that were used for the delivery of the course appear
in Table 1.

Apart from G Suite for Education tools, other tools were used for the delivery of the
course such as, YouTube, which was used for sharing videos with interesting material
during the course. According to Szeto and Cheng [19], YouTube is one of the most
common Information and Communication Technology (ICT) tools used in education
with many affordances. Because of the fact that it has become extremely popular
among users, it covers a wide range of topics including teaching methodology issues.
Moreover, YouTube videos can be embedded in Google Classroom. Apart from
YouTube, Skype was used for teleconferencing, mainly to deliver webinars/tutorials,
and also at the end of the course for the focus groups/interviews. Skype was regarded
as suitable for this purpose, as it is free and has many capabilities for education, as
Hashemi and Azizinezhad [20] argue. In the second stage of the study, Skype was
replaced by Zoom.

Furthermore, a private group was created on Facebook for sharing ideas, news,
events, articles and good practices, communicating and establishing a team spirit. The
group aimed at providing more interesting learning experiences to the participants [21]
and also support and strengthen the network, the learning community that was created

Table 1. The tools used for the delivery of the course.

Tools Purpose

Google
Classroom

-The platform used for classroom management purposes, where all the
instructions and material for the course were uploaded and tasks were
submitted and discussed. Feedback was provided by both the facilitator and
the participants in the course

G Drive -The online space directly connected to Google Classroom, where the
teachers and the facilitator saved and shared the material for the course and
collaborated. Teachers could share documents and work both
synchronously and asynchronously on them using features such as the
“Chat” or “Comment”

Google Docs -A tool used for the creation of documents, collaboration and cooperation
Google Slides -A tool used for the creation of presentations
Google Forms -The tool used for registering the participants in the course and for the

creation of questionnaires and quizzes
Google Sites -The Web page-creation tool used to create a website for the course (https://

sites.google.com/site/reteesponline/home-1)
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[22, 23]. Additionally, Facebook Messenger was used for communication purposes, in
case the teachers faced difficulties and wished to contact the facilitator more directly.
Communication via Messenger was easier and quicker, since the majority of teachers
had Facebook accounts, and they used Messenger in their everyday life. Finally, the
teachers personal email accounts were also used for communication purposes.

3 The Research Study

3.1 The Purpose and Methodology of the Study

The research study aimed at addressing the neglected need for ESP Teacher Education
among a group of 24 language instructors from different parts of the world through the
formulation of an online community.

The methodology followed was that of Technical Action Research [24], as the
purpose was for the researcher to propose a possible answer to the problem of insuf-
ficient ESP Teacher Education amongst this community of language instructors
through the design of an intervention, this online ESP Teacher Education programme.
The study developed in two Stages, the two spiral cycles of Technical Action Research;
in Stage 1 (February 26–April 8, 2018) the intervention was designed, implemented
and reflection on its implementation followed; in Stage 2 (May 20–May 31, 2019) the
intervention was refined, implemented again, and final reflections were drawn.

3.2 The Participants

The 24 language instructors that participated in the study were ESP educators repre-
senting different ESP fields or English as a Foreign Language (EFL) teachers who
expressed interest in educating themselves on issues pertaining to ESP teaching
methodology or updating their knowledge on the latest developments in ESP teaching
practices. Table 2 gives an overview of the participants in the study.

The participants in Stage 2 were from the same group of participants in Stage 1.
They were less in the second stage, due to the fact that some of them did not manage to
complete Stage 1, and others because they faced personal, professional or technical
problems and could not participate. The fact that they were given access to the material
also drove some of them to make the decision to study this material at a later stage. In
order to maintain their anonymity, the participants were assigned numbers (e.g. Tea-
cher 1–Teacher 24).

It is worth mentioning that some of the teachers were not familiar with Google
Drive (12.5%) or Google Classroom (16.7%) at all, even though the majority stated that
they were extremely familiar with the use of Gmail (70.83%). The majority was also
well-acquainted with Skype (58.33%) and Facebook (66.7%). This was expected since
Google Drive and Google Classroom are not tools that are used widely in everyday life.
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3.3 Research Tools and Analysis of Data

Data were obtained through the use of an online questionnaire administered to the
teachers at the beginning of the course, the aim of which was to extract information on
their profiles, their needs in terms of ESP Teacher Education, and the reasons for which
they wished to attend the course. Data were also elicited from the reflective journals
that the teachers kept, the facilitator’s field notes, discussions on Google Classroom
and Facebook Messenger (introduced in Stage 2), and finally focus groups and inter-
views which took place after the course was completed. These tools were used in both
Stages of the study, except for the questionnaire, which was only used at the beginning
of the course.

The quantitative data obtained from the questionnaire were analysed using IBM’s
SPSS 22 software, while thematic analysis was conducted for the qualitive data col-
lected from the other tools using NVivo 12 software. For purposes of reliability, an
external researcher recoded the data, and Cohen’s kappa test was run in both Stages (in
Stage 1 k = 0.67 and in Stage 2 k = 0.62). The results of the test showed that there was
substantial agreement between the coders [25].

4 Results and Discussion

The large amount of data obtained generated results pertaining to different character-
istics of the participants, various positive aspects of the course, challenges encountered,
as well as various suggestions for future improvements and additions. Some of these
results appear in Kakoulli Constantinou [26]. As mentioned earlier, this paper focuses
on the use of the G Suite for Education for the delivery of this course, and it aims at

Table 2. The participants in the study.

Stage 1 Place of work % Age % Sex %

(N = 24) Greece 37.5 20–29 12.5 Male 12.5
Cyprus 20.83 30–39 33.33 Female 87.5
Saudi Arabia 16.66 40–49 33.33
Spain 8.33 50–59 12.5
Sudan 4.16 No response 8.33
United Kingdom 4.16
Egypt 4.16
Kosovo 4.16

Stage 2

(N = 14) Greece 42.8 20–29 7.14 Male 14.3
Cyprus 28.5 30–39 28.5 Female 85.7
Sudan 7.14 40–49 57.1
United Kingdom 7.14 No response 7.14
Egypt 7.14
Kosovo 7.14
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delineating some benefits and challenges deriving from its use. The results are pre-
sented in two stages, the two cycles of the study.

4.1 Stage 1

Generally, the teachers and the facilitator spoke positively about the experience they
had with the course in Stage 1. They enjoyed the course and characterised it as well-
organised (n = 10, 41.66%), which implied that the choice of the researcher to use
Google Classroom was appropriate.

Teachers were satisfied with the ways the material was presented (n = 15, 62.5%),
and the fact that through Google Classroom, which was connected to the G Drive
folder of the class, they would have access to the course material after the completion
of the course. Generally, teachers were pleased with Google Classroom (n = 12, 50%)
and Google Docs. One participant stressed the collaborative aspect of Google Docs and
the practicality of cloud technology. These findings were compatible with previous
research conducted on the use of the G Suite for Education [27, 28]. Through Google
Docs teachers were able to send constructive feedback to each other and also receive
constructive feedback by the facilitator, which they appreciated. The same tool allowed
teachers to keep reflective journals in which their learning experiences and thoughts
were noted. These journals, were stored in the G Drive folder of the course, and were
shared with the facilitator. In general, the interactive and collaborative nature of G Suite
for Education tools fostered the implementation of social constructivism, on which the
course was built, a view also expressed by Denton [29].

Moreover, two of the teachers that did not have easy access to a computer found the
Google Classroom mobile application very useful, as they were able to perform all the
necessary tasks on their smartphone. This affordance of Google Classroom was also
discussed by Barun, Dauhiala, Dauhiala, and Dziatlau [8]. Another positive aspect of
the course was the fact that during the course, a sense of belonging to a CoP, as defined
by Wenger and Trayner-Wenger [30], was developed, which proves that these tools can
serve connectivist theories of learning.

Apart from all the benefits deriving from the use of the G Suite for Education, some
challenges were encountered both with these tools as well as with some other tools
used in the course. More specifically, Teacher 9, who had not used Skype for some
time, did not know how to join the Webinar. For the teachers who could not attend
Skype Webinars, the Webinars were scheduled on a new date and time. Skype con-
nection difficulties were also faced by the facilitator. With regards to Google Class-
room, six teachers (25%) mentioned that they came across some kind of difficulty, at
least one time, with one of them stating that she did not like the interface (4.16%).
Problems faced had to do with not being sure whether an assignment was submitted,
figuring out how the platform worked and finding their way around the Google
Classroom mobile application. As far as Google Drive was concerned, three partici-
pants had difficulties with finding the folders shared with them at the beginning
(12.5%). Another problem encountered by Teacher 18 was the fact that she did not
know how to access the document she worked on in Google Drive. Teacher 11 also
expressed the view that moving from one folder to the other was challenging for her.
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Moreover, another challenge faced was the difficulty of some of the teachers at the
beginning of the course to understand where to post their first assignment.

These challenges were faced due to the fact that some of the participants were not
familiar with Google Classroom or Google Drive, as the results of the questionnaire
administered at the beginning showed. According to King [31], amongst the parameters
for successful online teacher education and professional development is the ability of
the technology to work smoothly enough so that learning is not disrupted; teachers
need to feel comfortable with the technologies used. To minimize these challenges the
facilitator provided constant support to the teachers and instructions were sent to them
in various modes, audio-visual and written, via email, messages and Google Classroom
posts.

Regarding their G Suite for Education accounts in general, only two teachers
encountered some kind of difficulty (8.33%) at the beginning of the course. One of the
teachers confused his personal Google account with the G Suite Google account
provided to him by the facilitator and could not have access to the course material.
Another teacher, on the other hand, faced problems with logging in her account, and
the facilitator had to reset her password.

With regards to the Facebook closed group that was maintained for the course, this
was generally well-accepted by the participants. Two of the participants however
(8.33%) did not have a Facebook account, and did not wish to create one, because they
considered Facebook as a tool purely for social networking that could not be used on a
strict professional basis. The facilitator did not wish to impose the use of Facebook on
the teachers. Nevertheless, recognising the value of social media in learning nowadays
and in the creation of bonds between online community members [22, 23], the private
Facebook group was maintained, despite the decision of the two teachers not to par-
ticipate in it.

The teachers also faced challenges related to the communication and collaboration
they had with each other, as synchronous communication was generally avoided by the
teachers. As mentioned earlier, they contacted each other using tools such as Google
Classroom or Google Drive or through commenting on the closed Facebook group, but
this was done mostly asynchronously. This could be due to the fact that participants
were not familiar with each other and hesitated to establish any form of relationship
with each other outside the course boundaries, especially at the beginning of the course.
However, the majority of the participants felt comfortable with sending the facilitator
private messages via Messenger or emails for help, advice, clarifications or to comment
on something (n = 14, 58%).

Upon completion of Stage 1 of the study, one of the most interesting suggestions
expressed by the participants was the idea of organising more Webinars in the future.
Teachers appeared to appreciate synchronous communication, and this was a parameter
that was taken into account in the refinement of the course in Stage 2.

4.2 Stage 2

In the second cycle of the study, the course was renewed based on the feedback
obtained from Stage 1. Therefore, two more weeks were added to the course, during
which more Webinars were added, as suggested by the teachers. The new addition to
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the course was named ReTEESP Online: The Sequel, and it aimed at complementing
the initial course and improve it, and to provide teachers with the opportunity to study
issues in the ESP field that they did not have the opportunity to study in the first version
of the course. The tools that were used for the course were the same as in Stage 1, so
that teachers understand that this sequel part was a continuation of the first version of
the course, and also for purposes of consistency. The only changes made were the
addition of Google Calendar for Scheduling Webinars, a Facebook Messenger group
for more direct communication, and the replacement of Skype by Zoom, which was
regarded as more appropriate for the delivery of Webinars than Skype.

In general, participants were positively oriented towards the course characterising it
as interesting and useful with new ideas (n = 7, 50%). In all their comments teachers
agreed that the combination of the two courses together was successful; in this sense, it
could be claimed that the addition of the sequel course was beneficial and this way the
ReTEESP Online had actually improved.

With regards to challenges faced in Stage 2 of the study, it is worth mentioning that
they were less than in Stage 1, and they involved technical difficulties such as poor
internet connection (n = 1, 7.14%) forgotten passwords (n = 3, 21.42%) and Zoom
time restrictions (40 min with an audience of more than three people for the free Basic
Plan used for the delivery of this course). Additionally, after the completion of the two
stages of the study, in July 2019, a notification was posted on Google Classroom by
Google that, as of September 2019, a new version of Classroom would be launched,
which would include a Classwork page to help teachers organise classwork. Any
classes using the previous version of Classwork would be automatically converted to
the new version. Unfortunately, this was a challenge that was beyond the facilitator’s
control, which raised concerns regarding the extent to which users can control these
technologies; such concerns are in line with Sultan’s [32] and Dillon, Wu, and Chang’s
findings [6], who expressed certain worries over the use of cloud technologies in
education. Additionally, after the completion of the course, Teacher 14 mentioned that
he would have liked to see the material posted on Google Classroom at least one day
before the Webinar so that there would be time to study them and be engaged in
discussion beforehand.

To cope with the challenges of teachers not being able to participate in all the
Webinars due to lack of time and other commitments, the facilitator recorded the
Webinars with the participants’ permission and uploaded the videos on the Google
Classroom platform for everyone to watch in case they could not attend. Furthermore,
the Facebook Messenger group that was created, which served as a Chat Room,
allowed for the discussion to continue after the completion of the Webinars. To address
the technical difficulties teachers faced, the facilitator was always available to provide
them with help and the necessary instructions (i.e. sending them emails with instruc-
tions and resetting forgotten passwords). Moreover, the same Google class that was
created for Stage 1 was used in Stage 2 to make it easier for the teachers to navigate and
also to allow them to have all the material for the course gathered in one place. To face
Zoom time restrictions, the Webinars were scheduled for 40 min to stay within the time
limit of the free Basic Plan.

Upon completion of Stage 2, the only suggestion that was expressed regarding the
technologies used for the course related to the addition of an open forum that would
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allow the teachers to maintain the professional bonds that they had established in the
context of the course. The tool that was suggested for this open forum was Facebook,
as this was regarded as one of the most popular tools used by teachers in their everyday
life. This is an interesting suggestion, which implies that for a day-to-day update and
exchange of ideas, platforms which are used in daily life can be more easily employed
than other platforms.

4.3 General Comments

In agreement with Heggart and Yoo [13], Basher [14], and Gupta and Pathania [15],
the results of the study revealed that the G Suite for Education tools managed to create
the appropriate environment and conditions to foster the acquisition of knowledge. The
study also revealed many positive aspects of these technologies, such as the fact that
the course was well-presented, well-organised and structured through the use of Google
Classroom, the collaborative aspect of Google Docs, and the practicality of cloud
technologies amongst others. The success of the course was not only due to the
affordances of the technologies used, but also due to the pedagogies underlying the use
of these technologies [33].

Furthermore, the study showed certain challenges that participants in this online TE
course faced, such as difficulties in locating files and navigating through the G Drive,
forgetting passwords, and generally challenges mostly of technical nature. Such
challenges can exist, especially when the participants in the course are not adequately
trained in the use of the technologies used for the delivery of the course. For this
reason, constant monitoring of the situation by the facilitator is important, and provi-
sion of simple and effective instructions on how to cope with technicalities is neces-
sary; this denotes that the facilitator should be comfortable with the use of these tools.

5 Limitations

Being a Technical Action Research study, the present study has certain limitations,
which relate to the nature of Action Research, which operates at a local context, aiming
at providing solutions to localised problems. Despite the fact that this study aims at
providing a solution to the problem faced by this group of 24 language instructors, the
fact that these instructors operate in different parts of the world and come from different
educational contexts implies that the findings could apply in different online language
Teacher Education contexts.

6 Conclusion

This paper describes the use of the G Suite for Education in the design and delivery of
an online ESP Teacher Education course for language instructors that wished to receive
training in teaching ESP outside the bounds of formal university education. The aim of
the paper is to delineate the benefits and challenges that derive from the use of some of
the tools of the suite.
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The importance of the study lies in the fact that on the one hand, ESP Teacher
Education is a field with very limited research, and on the other hand, the research
conducted on the use of cloud technologies such as the G Suite for Education in
language Teacher Education contexts is also limited. Therefore, this paper attempts to
shed light on the affordances of G Suite for Education tools and the challenges that may
potentially arise from its use in an attempt to contribute to the body of knowledge on
the use of cloud technologies in the field of online Teacher Education in general and
online language Teacher Education in particular. The results of the study may prove
useful to designers of online Teacher Education courses, researchers in the field of
online Teacher Education, stakeholders, decision-makers, institutions, language
teachers, and generally anyone interested in this topic.
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Abstract. In this paper, we propose a learning strategy feedback system,
Nudge for Note Taking Assist System (NoTAS), developed for students to
facilitate learning strategies among others in class using nudges. The system has
three functions: note-taking function, learning log function, and learning visu-
alization function. The purpose of this study is to develop software to apply
nudge theory and to provide feedback on note-taking among students in class.
We evaluated the effectiveness of NoTAS for high school students from two
perspectives: whether the use of NoTAS interfered with the class and whether
the nudges were encouraged in class. From the results of the questionnaires, we
found that the students were able to concentrate on learning in the class using
NoTAS, and the interface was well-received. Moreover, students can use the
learning visualization function of NoTAS to see if other students are note-taking
in class. This information promotes learning among students, indicating that the
nudge makes achievements regarding learning awareness.

Keywords: Note-taking interface � Nudge � Realtime feedback system

1 Introduction

Recently, many countries have witnessed the growing trend of teachers using Infor-
mation Technology (IT) in classes. Doing so not only enables more effective learning
but also offers an environment for learning analytics by providing each learner with
individual devices. In schools that have already adopted IT education, teachers are
using electronic board and tablet devices to teach their classes. Heaslip et al. shows that
by using response analyzers, teachers can provide feedback to students according to
their level of understanding [1]. Thus, the use of IT in class is assumed to make it easier
for learners to communicate their ideas in real-time and receive sequential feedback in
class. Besides, Bester and Brand point out that students are more likely to concentrate
in class when they use technologies in class [2]. Therefore, it can be suggested that
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there is a need to utilize systems that are less burdensome for students and allow them
to concentrate in class.

Moreover, owing to the advances in technology, notes can now be taken using a
pen tablet without any stress [3]. Although there are some note-taking applications
available, Stacy and Cain indicate that students should use an interface that makes it
easy for them to cognitively participate in the note-taking process and that facilitates
revision, summarization, and emphasis [4]. Kobayashi defines note-taking as the
process by which learners take notes, handouts, and highlight text in teaching-learning
situations such as classes and text reading [5]. Therefore, students must utilize an
interface that allows them to write notes and highlight text easily.

Beaudoin and Winne developed the nStudy system, which can be used for both
individual and collaborative learning on a desktop computer. nStudy supports indi-
vidual and collaborative learning with concept analysis constructed by the learner in a
web browser. Additionally, it can manage learning objectives. Moreover, nStudy
allows teachers and other learners to provide comments and feedback on learners’
essays [6]. While nStudy can provide detailed feedback, it is difficult to use in class
because it is hard for teachers to instruct students constantly on which note-taking is
correct and who should be the role model. Therefore, we propose the possibility of
providing feedback to each student on learning strategies such as note-taking in class.
In other words, we hypothesize that students who could not take notes could be given
feedback by assuming that the notes taken by the majority of students were correct.
Therefore, we decided to apply “Nudge,” which has been studied extensively in the
field of behavioral economics in recent years.

Thaler and Sunstein define the nudge as any element of choice behavior that
changes people’s behavior predictably without narrowing the choice or significantly
changing the economic stimulus [7]. It has been applied to educational studies [8];
however, most research is confined to nudging on teaching policies with little research
on nudging the learning strategies among learners in class. Therefore, we define the
educational nudge as selecting one’s learning behavior from others’ because we aim to
learn each others’ learning strategies such as note-taking in the class. We believe that
nudge could be adapted to promote note-taking through an interface.

2 Purpose

The purpose of this study is to develop software to apply the Nudge theory and to
provide feedback on note-taking among students in class. Specifically, we conducted a
class using the developed software for high school students and evaluated the effec-
tiveness of the software using questionnaires. There are two perspectives for the
evaluation.

1. The use of the software does not interfere with the class.
2. Other students’ note-taking affects students’ own behavior in class. In other words,

the nudge occurs in class.
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3 Developed System

3.1 System Overview

Nudge for Note Taking Assist System (NoTAS) can be used in a whole class where a
wireless LAN is available and where each learner and teacher has their own tablet.
NoTAS is available on web browsers such as Safari and Google Chrome. The system
can be used by up to 45 learners at a time, excluding the teacher. In addition, we assume
a class style in which the teacher distributes class material to the learners for each class.
NoTAS is a system to be used in class and the class procedure is shown in Fig. 1.

The details below correspond to the numbers in Fig. 1.

1. Students write notes and highlight text on the class material distributed on the tablet.
2. The system collects the information that all students have written on the material.
3. Visualization is performed based on the collected information. At this time, the

visualized information is not what the students have written on the material but
where and when they have written it.

4. The visualized information is displayed on all students’ tablets to facilitate note-
taking.

I nform ation

Visualization

Student

Server

Student

3

2

A whole class

Teacher

Note-Taking
1 Note-Taking

1

Learning
Nudge

4
StudentNote-Taking

1

Fig. 1. Example of NoTAS use in a whole class
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In this way, by forcibly displaying the note-taking information of all students on
their tablets, students can review their own notes and reflect on how they should
proceed with their learning. Assuming that the notes written and the text highlighted by
a large number of learners are correct, we thought that visualizing this information
would encourage learners to nudge each other in a whole class. Nudges may promote
note-taking on the part of the students. In addition, the teacher can teach a lesson based
on the visualized information. Therefore, we have implemented three functions in
NoTAS: note-taking function, learning log function, and learning visualization func-
tion. Furthermore, we introduced user authentication so that only certain learners can
access the system. The details of each function and the reasons why we implemented
these functions are described below.

3.2 User Authentication Function

As a user authentication function, BASIC authentication was adopted allowing only
specific learners to access NoTAS. Learners can go to the system login screen by
correctly entering their common User ID and password in BASIC authentication. To
access the class material, learners are required to enter their User ID which the teacher
assigns to each learner in advance. Learners log in to all classes with their User ID and,
since it is possible to log in with another learner’s personal ID, learners must be careful
when entering their User ID.

3.3 Note-Taking Function

We present the Interface of NoTAS usually used by learners (Fig. 2). Learners can
write notes and highlight text directly on class material displayed on the tablet device
using the tablet pen and their hands. The details of each icon in the upper menu bar are
shown in Table 1. For No. 4 to No. 7, when the tapped icon is turned on, the other icons
are turned off.

Fig. 2. Basic NoTAS screen
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The students can use the note-taking function to write notes and highlight text in
class. Here, we explain how to use the buttons on the menu bar.

After users log in to NoTAS, the first page of the class material is displayed. When
the user taps the previous/next page button, they can move between pages. It is also
possible to move to other pages by selecting the page you want to see using the
dropdown option. The next buttons are zoom in/zoom out buttons. When the user taps
these buttons, the page is enlarged or reduced by 20%. Next, is the swipe button. The
swipe button is used to move the enlarged material. The user needs to select the swipe
button to move a material, because they can take notes with own finger. The next
button is the pen button. By selecting this button, the user can take notes in the class
material. Also, they can highlight the material by selecting the marker button. The
teacher can set a color and thickness for the pen and marker in advance. Next, is the
select button. The user can select and move the position of notes and highlights. In
addition, when the user selects the position, they can tap the delete button. Thus, they
can delete the selected written notes and highlights by tapping delete.

When the user uses the note-taking function with a tablet, they can write with their
fingers and a tablet pen. Regarding personal computers, if the device has a touch panel
display, the user can use it in the same way as a tablet. If the device does not have a
touch panel, they can operate it with a mouse.

Table 1. Name of each function in the menu bar

No. Icon Name

1 Previous / Next Page Button

2 
Page selection drop-down

Total number of pages

3 
Zoom in Button

Zoom out Button

4 Swipe Button on / off

5 Pen Button on / off

6 Marker Button on / off

7 Select Button on / off

8 Delete Button
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3.4 Learning Log Function

There are two types of functions: the collection of learning log function and the
confirmation of learning log function.

Collection of Learning Log Function. This function records the note-taking that
learners perform on class material. Specifically, when learners write or delete notes and
highlights in class material, their note-taking behavior is saved sequentially. Not only
are the contents of the notes and highlighted parts saved but also the time when the
notes and highlights were written. Using this function, the system converts the stored
information into data for use in the learning visualization function. In addition, only
teachers can view all of the stored information with the confirmation learning log
function.

Confirmation of Learning Log Function. This function can only be used by
teachers. Teachers can view the learning log of the learners’ note-taking processes and
the shading of the visualization during the note-taking by specifying the learner (User
ID) and the material (Class ID). However, teachers can change the color and thickness
of the lines of the pen and marker functions used by the learner, the thickness of the pen
and marker functions to be visualized, the transparency per line, and the additive value
settings after the class. When these settings are updated again, they are reflected in the
confirmation of the learning log function. Therefore, it is easier to check the note-taking
of a specific learner by setting the transparency and additive value of the pen and
marker functions to 0, which were set before the class.

The learning log function also uses BASIC authentication. The User ID and
password are different from those used by learners and, thus, learners cannot access this
function. After BASIC authentication, when the teacher enters the User ID and
Class ID, the first page of the latest material for the corresponding learner is displayed.

As with the note-taking function, the page to be viewed can be selected using the
page movement button on the left side of the menu bar. In addition, teachers can see the
process of note-taking, such as when and what the learner has written by selecting the
time from the drop-down menu. The User ID, Class ID, and Select Learning Log of the
learner who is currently viewing the learning log are displayed by tapping the menu
selection button on the far right (Table 2). When you tap Select Learning Log, the
learner selection screen appears, and you can again specify the learner (User ID) and
the class material (Class ID) that you wish to refer to.

Table 2. Tool button of confirmation of learning log function

No. Icon Name Operation / display contents

9 

Menu 
Select Button

This is displayed only on the 
teacher screen. Tapping this button 
displays a menu on the right side of 
the screen.

320 T. Kondo et al.



3.5 Visualization of Learning Function

The learning visualization function is the main function of NoTAS. When a learner
writes notes and highlights on the class material with this function, the approximate
location of the notes and highlights written by other learners on the class material
displayed on the tablet is visualized on the same material in almost real time. When
using NoTAS, the teacher needs to upload the class material (.pdf) and prepare it for
distribution on learners’ tablet devices.

The mechanism of visualization is described below. The interface of NoTAS
consists of four layers: note-taking layer, learning log layer, learning visualization
layers, and class material layer (Fig. 3). The note-taking layer is designed to display the
menu bar of NoTAS. The learning log layer displays the notes and highlights written
by the user. The note-taking layer and learning log layer correspond to the note-taking
function of NoTAS. Thus, there are personal layers. Then, the learning visualization
layer shows the position and timing of other students’ note-taking. Before a class using
NoTAS, the teacher sets the transparency per line and the additive value for the lines
drawn with pen and maker functions. The transparency here is a parameter used to set
the density of the line actually drawn with the pen and maker functions. The additive
value is a parameter that makes the line thicker than the line actually drawn. The notes
and highlight information of learners in class collected by the collection of learning log
functions of NoTAS are converted into a visualization layer based on the set trans-
parency per line and the additive value, and then displayed on the class material of all
learners. The visualization layer is updated every 5 s. Since the visualization layer
overlaps with the number of learners in class, the more learners fill in the same part, the
darker the color becomes. As a result, the areas written by more learners are empha-
sized. On the other hand, if a learner deletes notes or highlights that have been written,
those areas appear lighter when the visualization layer is updated. Finally, the class
material layer displays the class materials (.pdf) uploaded by the teacher in advance.

Learning Log Layer (Notes and highlights)

Learning Visualization Layers

Class Material Layer

Note-Taking Layer

NoTAS

Fig. 3. Learning visualization mechanism
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Here is an example of visualization when NoTAS is used in class. Time passes
from Fig. 4 to Fig. 5 and then to Fig. 6. Figure 4 shows the visualization that appears
when 25% of the class (about 10 learners) highlighted text. Figure 5 shows a darker
visualization of the same area of highlighted text on the left interface because half of
the class (about 20 learners) highlighted the text. In addition, the red area indicates that
about 25% of the class has started writing notes. Figure 6 shows a darker color because
more time has passed, and many learners have written notes and highlighted elsewhere.
Regarding the settings of NoTAS, the visualization of pen function has a thickness of 2
(px), transparency of 0.02 per line, and an additive value of 45 (px). Also, the visu-
alization of marker function has a thickness of 10 (px), transparency of 0.02 per line,
and an additive value of 20 (px). Although this learner did not take notes or highlight
anything, as the screenshots below show, when other learners in the same class took
notes, the color is displayed on the class material of the learner who did not take notes.

Fig. 4. Visualization interface 1 Fig. 5. Visualization interface 2
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4 Method

4.1 Data Collection

For this research, we designed a class and questionnaire to discuss the effectiveness of
using NoTAS in class. We collected quantitative data from questionnaires distributed to
learners who took the class with and without the learning visualization function of
NoTAS.

4.2 Procedure

Written informed consent was obtained from the participants, and anonymity was
guaranteed for this study. The second author surveyed two mathematics classes of first-
year high school students (89 students, 34 males and 55 females). The number of valid
responses is 86 because students who were absent from the class were excluded. Each
student and teacher had their own tablet device (Surface Go or iPad 7) and tablet pen.
Since students used tablets in their daily classes, it was judged that there would be no
problem with the basic handling of the devices.

Two classes were surveyed in September 2020. We conducted two classes, one
with the learning visualization function of NoTAS (visualization) and the other without
the learning visualization function of NoTAS (non-visualization). We designed the
classes so that novelty and order effects were canceled. Before the survey parts, two
classes were conducted as practice parts to familiarize the students with NoTAS.
Figure 7 shows the procedure of research.

Fig. 6. Visualization interface 3
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Before conducting the survey, we set the color, thickness, transparency per line,
and additive value for the pen and marker functions of NoTAS. The pen function is
RGB (255, 0, 0), 2 (px), 0.02, 45 (px), respectively. The marker function is RGB (0, 0,
255), 10 (px), 0.02, 20 (px), respectively. In this study, we did not display any specific
information about the notes because we wanted to provide information to promote
learning only. Therefore, the additive value setting for the pen function is much larger
than that for the maker function.

4.3 Questionnaires

In this research, we surveyed questionnaires from three perspectives as follows:

Concentration in Class. We adopted 6 items to check whether students are affected
by the visualization information and are able to concentrate on the class to the same
extent as usual when using the learning visualization function of NoTAS. This was
done after each class using a 5-point Likert scale (1 = I don’t think so and 5 = I think
so).

System Interface. We developed 12 items to evaluate the interface of NoTAS,
focusing on the usability of NoTAS. As with the questions on concentration, we
conducted this survey after each class using a 5-point Likert scale (1 = I don’t think so
and 5 = I think so).

Realizing the Nudge. We created the following items to investigate the factors that
make students perform note-taking. We only surveyed after the class utilizing the
learning visualization function. The item on notes asked about three factors: oral
explanation, writing on the board, and nudges. The item on highlighting asked about

Non-Visualizat ion Visualizat ion

Non-visualizat ionVisualizat ion

Non-visualizat ion

Quest ionnaire Quest ionnaire

Quest ionnaire Quest ionnaire

α class β class

pract ice
parts

survey
parts

Visualizat ion Non-visualizat ion

Visualizat ion

Fig. 7. Procedure of research
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two factors: oral explanation and nudges. The teacher did not write the highlighted text
on the board, which is the reason for the absence of the writing on the board factor.
These items were multiple choice. Then, we asked the students whether they were
motivated to write notes or to highlight when they saw other students’ notes or
highlighted text in class according to a 5-point Likert scale (1 = I don’t think so and
5 = I think so). Finally, we asked students who attempted to perform note-taking after
seeing others’ note-taking why they did this and students who tried to perform note-
taking but eventually did not do so why they did not. The questions were open-ended.

4.4 Guidelines for Analysis

In terms of the degree of concentration, we conducted a Wilcoxon signed-rank test to
compare the means of the classes with and without the visualization function of
NoTAS. Then, we conducted a Wilcoxon one-sample test to compare the means after
the class with the learning visualization function so that we could evaluate the interface
of NoTAS. Finally, we compared the number of students for each factor to see the
effect of nudges on notes and highlighting. Besides, we divided the open-ended
descriptions of the behaviors into those that included the nudge factors and those that
did not.

5 Results

In total, 86 participants (about 96%) answered the two questionnaires. The result of the
questionnaires to evaluate the change in awareness of NoTAS and the effectiveness of
using NoTAS in class are presented below. The results of the Shapiro-Wilk test show
that the data were not normally distributed for all items.

5.1 Concentration in Class

Table 3 shows the results of a Wilcoxon signed-rank test for the scores of concentration
in class. The class in which students used the learning visualization function is called
“visual”, while the class in which students did not use it is called “non-visual”. The
item “NoTAS interfered with my learning” was significantly higher in the class using
the learning visualization function. However, the mean is small (MVis = 2.12).
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5.2 System Interface

Table 4 shows the results of the Wilcoxon one-sample test for the score of the system
interface. It is compared with the median value of 3.00 because data for these items was
collected via a 5-point Likert scale. As a result, the interface of NoTAS was generally
well-received.

Table 3. Comparison of concentration

Visual Non-visual MVis-
MNon 

Z r MVis SDVis MNon SDNon

1. I missed the explanation while 
writing notes on NoTAS. 2.44 1.17 2.27 1.01 0.17 -1.38 0.15

2. I missed the explanation while 
looking at the material displayed 
on NoTAS. 

2.00 0.93 2.03 0.98 -0.04 -0.30 0.03

3. I looked away from the blackboard 
while writing notes on NoTAS. 3.20 1.13 3.06 1.14 0.14 -0.91 0.10

4. I often looked away from the 
blackboard while looking at the 
material displayed on NoTAS.

2.79 1.17 2.73 1.23 0.06 -0.35 0.04

5. NoTAS helped me to concentrate 
in class. 3.51 0.93 3.58 0.95 -0.07 -0.90 0.10

6. NoTAS interfered with my learn-
ing. 2.12 1.03 1.85 0.91 0.27 -2.47* 0.27

n = 86, 5-point scale * p < .050
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5.3 Realizing the Nudge

Figure 8 shows the number of students that agreed that certain factors encouraged them
to write notes and highlight text. Regarding the notes, 65 students (76%) answered that
the writing on the board was an encouraging factor, 58 students (67%) answered that
the explanation was an encouraging factor, 34 students (40%) answered that the nudge
was an encouraging factor, and one student (1%) did not answer. As for highlight the
text, 75 students (87%) answered that the explanation was an encouraging factor, 36
students (42%) answered that the nudge was an encouraging factor, and two students
(2%) did not answer.

Table 4. Evaluation of system interface

M SD Median M-3.0 W r 

1. The icons at the top of the page are 
easy to understand. 4.30 0.84 4.50 1.30 2933.00 *** 0.57

2. The icons at the top of the page are 
easy to select. 3.97 1.07 4.00 0.97 2349.00 *** 0.26

3. Pages are easy to turn. 4.07 1.06 4.00 1.07 2731.00 *** 0.46
4. Highlights are easy to draw. 3.86 1.09 4.00 0.86 2569.00 *** 0.37
5. My notes are easy to erase. 2.92 1.34 2.50 -0.08 1279.00 0.32
6. My highlights are easy to erase. 3.16 1.36 3.00 0.16 1488.00 0.20
7. It is easy to zoom in and out of the 

material. 3.27 1.23 3.00 0.27 1397.00 † 0.25

8. The thickness of the line in the 
notes I wrote is just right. 3.92 1.02 4.00 0.92 2311.00 *** 0.24

9. The thickness of the line in the 
highlights I wrote is just right. 3.86 1.03 4.00 0.86 2383.00 *** 0.27

10. The color of my notes is easy to 
see. 3.44 1.16 4.00 0.44 1607.00 *** 0.14

11. The color of my highlights is easy 
to see. 3.62 1.10 4.00 0.62 1782.00 *** 0.05

12. The space for notes and highlights 
is small. (R) 2.71 1.25 3.00 -0.29 658.00 * 0.65

n = 86, 5-point scale, (R): Reverse item † p < .100, * p < .050, *** p < .001
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Then, Table 5 shows the results of the Wilcoxon one-sample test for the score of
realizing the nudge.

Finally, Table 6 and Table 7 show the results of the open-ended questions focusing
on why students did or did not take notes. Table 6 categorizes the descriptions that
include nudges and those that do not include nudges. The most common reason
including nudges was “because other students judged it to be important.” The most
common reason excluding nudges was “because I judged it to be important.” Table 7
shows the three categories: interface; instruction; and other.

Fig. 8. Factors of note-taking

Table 5. Realizing the nudge

M SD Median M-3.0 W r
1. I was motivated to write notes and 

highlight texts when I saw other 
students’ notes and highlights in 
class.

4.01 1.10 4.00 1.01 2688.00 *** 0.43

n = 86, 5-point scale *** p < .001
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6 Discussion

6.1 The Use of the Software Does Not Interfere with the Class

From the results of concentration in class, it was found that there was no difference in
basic behaviors such as listening and watching between the two classes with and
without the learning visualization function of NoTAS. The item “NoTAS interfered
with my learning” was significantly higher in the class using NoTAS. However, this
result was considered appropriate because the students did not usually use NoTAS and
the mean was low at 2.12. Therefore, it was suggested that students can concentrate
almost as much as in a normal class even if they can see other learners’ note-taking
with NoTAS.

From the results of the system interface evaluation, we can interpret that the stu-
dents highly appreciated the functions of NoTAS because almost all items are higher
than the median. On the other hand, it was found from the students’ open-ended
questions that the erase and scroll functions need to be improved. Besides, some

Table 6. Reasons for note-taking

Descriptions including
nudge elements

• Because the shaded parts came out
• Because I could see where everyone else was writing, and I
understood that this was important

• I felt that it was not good for me not to do anything while my
friends were taking notes

• I felt that I had to do something because everyone else was
doing well in the class

Descriptions excluding
nudge elements

• Because I thought that I should write down the important
things

• I wrote to organize the content of the class
• To understand the content of the class well so that I can check it
in the future

• Because the teacher told us it was important
• Because the teacher wrote it on the board

Table 7. Reasons for not doing (or not being able to do) note-taking

Descriptions of the
interface

• Because it was difficult to write and the writing was too messy to
read

• The colors were too dark in places where everyone wrote, so I could
not write in the same place

Descriptions of the
instruction

• I could not keep up with the writing
• I did not have enough time

Other • I did not think it was necessary for me
• I felt that I could understand without taking notes
• Because I was not sure what to write
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students found it difficult to see their notes and highlights. Therefore, regarding the
learning visualization function, the necessity of changing the font color was suggested
to differentiate one’s notes from other students’.

6.2 The Nudge Occurs in Class

Regarding the realization of nudges and students’ behavior, the main reason for stu-
dents’ note-taking was because the teacher explained or wrote on the board. Note-
taking by nudges accounted for 40.7% of the total. This suggests that there are two
types of students in the classroom: students who are encouraged to learn by other
students’ learning and students who facilitate the learning of other students. From the
results, it was suggested that teachers should explain what they want to convey to
students on the board or orally. Although we developed NoTAS for students to pro-
mote their learning, we suggest that NoTAS is effective not only for students who have
not or cannot take notes but also for students who missed oral or written explanations.

Moreover, it was found from the result of the questionnaire and open-ended
descriptions that students are motivated to take notes when they see other students’
behavior on NoTAS. Therefore, it was suggested that students can promote the nudge
in class in terms of awareness when they use NoTAS.

7 Conclusion

The purpose of this study is to develop software to apply nudge theory and provide
feedback on note-taking among students in class. We evaluated the effectiveness of
NoTAS for high school students from two perspectives: whether the use of NoTAS
interfered with the class and whether the nudge was encouraged in class.

From the results of the questionnaire, it is found that the students were able to
concentrate on learning in the class using NoTAS. Therefore, it was suggested that
there was little resistance to the use of NoTAS in the whole class. However, many
students found the deleting and scrolling functions to be difficult to use, suggesting that
the note-taking function needs to be improved.

Furthermore, we found that NoTAS can promote students’ note-taking. Students
can see that other students are writing notes and highlighting text in class by using
NoTAS. This information allows students to encourage each others’ learning, thus
indicating that students have achieved the nudge in terms of awareness. At first, we
developed NoTAS for students who could not take notes or who did not know how to
write. However, it was also shown to be effective for other students because NoTAS
gave them confidence in the learning strategy and served as a reminder of which
material was important. On the other hand, one of the reasons why students could not
take notes even when prompted by nudges was that the learning visualization layer was
too dark. To solve this problem, it is necessary to regulate the density of the learning
visualization layer according to its intended use or to change the color of one’s notes
and those of other students.

Finally, we discuss the limitations of this study and future issues. The first is that
we conducted this study in the short term. In the future, it is necessary to investigate the
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effects of the system when the students become familiar with it through long-term
practice. The second is that we conducted this study in a high school setting. In both
classes, the lesson design was the same, but from the students’ responses, the teacher
may have given slightly different instructions. Therefore, it is necessary to conduct a
rigorous investigation by dividing the students in the same class into two groups: one
group using NoTAS and the other group using different note-taking software. Third, we
focus only on the awareness aspect of the nudge and evaluated it. It is necessary to
analyze how the students’ note-taking changed as a result of the nudges in their
learning logs. For example, we should investigate whether more students take notes
when they use NoTAS and whether there is a difference in when they start to write. By
doing so, we may be able to encourage learning strategies changes by promoting
technology that uses nudges.
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Abstract. Design thinking is regarded as an effective way of innovation and
has a very broad prospect in the educational environment. At present, there are
few studies on the influence of design thinking. This study takes the students
participating in the design thinking course offered by the National Taiwan
University of Science and Technology as the research object, uses the method of
a questionnaire survey to explore the influence of single-disciplinary team and
cross-disciplinary team on students, and discusses the characteristics and
problems of different teams in design thinking education in the environment of
higher education. The results show that: 1) after designing the thinking course,
the students who participate in the single-disciplinary team and the students in
the cross-disciplinary team have similar positive comments on the curriculum
plan and its impact, 2) In terms of teamwork, we find that the two types of teams
have their own characteristics, and there are also some constraints. This study is
expected to supplement the research on the influence of design thinking and
provide a reference for the development of design thinking education in the
future.

Keywords: Design thinking � Teamwork � Design innovation education

1 Introduction

In recent years, the cultivation of innovative ability has attracted attention all over the
world. University as the most important output window of talents, cultivating inno-
vative talents will be one of the important goals of higher education. Design thinking is
a human-centered and collaborative method to solve problems, which promotes
innovation by improving the creative thinking ability of participants [1]. In the edu-
cational environment, design thinking has the potential to expand existing disciplines
and enable more colleges and universities in creativity education [2]. Design thinking
has the characteristics of encouraging tacit experience, increasing empathy, reducing
cognitive bias, promoting game-based learning, flow, interdisciplinary collaboration,
encouraging growth in failure, unexpected solutions and creating confidence [3].
Relevant studies have shown that design thinking education may help to cultivate
students’ creativity and adaptability so that they can acquire the knowledge, skills, and
attributes needed to solve complex problems collaboratively [4].
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Teamwork training is a very important part of design thinking education. Students
from different academic backgrounds form teams to work together to develop new
product or service concepts. The mode of teamwork enables students to learn from
interaction with lecturers and from communication among team members [5], students
are no longer just passive participants in the educational environment but change from
simple participation to dynamic, co-creative experience [6, 7].

It is worth noting that there are relatively few studies on the learning and teaching
of design thinking [2], and most articles focus on discussing examples or reporting the
results of a single case study, and the books are usually concepts and their constituent
elements, explaining and guiding how to use a particular tool [8]. Most articles discuss
design thinking at the individual or organizational level, rarely at the team level,
quantitative research is rare in terms of research methods, and descriptive and nor-
mative studies are more common than interpretive studies [9].

This study recruited the students who participated in the design thinking course as
the research participants, used the questionnaire survey method, including closed
questions and open questions, to discuss the influence of single-disciplinary team-work
and cross-disciplinary teamwork on students’ learning. A single-disciplinary team
means that the team members are composed of people from a single disciplinary
background, while a cross-disciplinary team means that the team members are com-
posed of people from different disciplinary backgrounds. The single-disciplinary team
in this study is composed of students with a design background, and the cross-
disciplinary team is composed of students with a design background and business
management background. The purpose of the study is to provide a reference for the
development of design thinking education in the future. In order to achieve the purpose
of the study, the following objectives are drawn up:

1. Summarize the influence of single-disciplinary teamwork and cross-disciplinary
teamwork on students’ learning,

2. According to the results of the questionnaire, the characteristics and problems of
different teams in design thinking education are discussed.

2 Literature Review

2.1 Design Thinking

Design thinking is a human-centered approach to innovation that draws from the de-
signer’s toolkit to integrate the needs of people, the possibilities of technology, and the
requirements for business success [10]. The application of design thinking in different
disciplines is growing and has made valuable contributions to various disciplines. In
the field of design, design thinking combines theory with practice from the point of
view of a designer and is correspondingly rooted in the field of design, In the field of
management, design thinking is considered to be the best way to create and innovate, as
a way to describe the methods of designers and to integrate them into academic or
practical management discourses [11], in the field of education, Rauth et al. [12]
determine the different abilities of design thinking education, such as arche-typal skills,
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emotional skills, the ability to choose perspective, empathy and specific ways of
thinking. Design thinking skills can be learned through teaching methods that include
problem-based learning, project-based learning, and inquiry-based learning in class-
room activities [13].

In the educational environment, design thinking has many advantages. In the field
of business and management education, Glen, R. et al. [14] believes that design
thinking complements the analytical focus of business education and shows students
accustomed to a structured learning environment how the seemingly chaotic design
thinking process achieves the desired results, thus benefiting them. In the field of
medical education, McLaughlin et al. [15] summarized 15 different case studies of
design thinking in the public health sector, “All highlighted the importance and benefit
of collaboration, particularly as it related to the multidisciplinary teams and the
diversity of thinking that advanced the work as well as the identification and partici-
pation of multiple stakeholders within the process”.

Although the advantages of design thinking in the educational environment should
be affirmed, there is a lack of sufficient evidence for its impact. McCullagh [16] talks
about “exaggerated claims”, The applicability of design thinking has both limitations
and challenges that may lead to the failure of an overall approach or a specific ap-
proach (part) [3]. Academic discussion is limited to the influence of design thinking on
enterprise performance [17]. Carr et al. [18] advocate research to determine ways to
measure the impact of design thinking. This study focuses on observing the problems
in the actual implementation of design thinking education, summarizing its impact on
students, and supplementing the research content of design thinking in the educational
environment.

2.2 Teamwork

The mode of teamwork is built on the basis of skills and knowledge, and the process of
teamwork is a behavior in which members depend on each other. Through cognitive,
linguistic, and behavioral activities, inputs are transformed into results to organize task
work to achieve collective goals [19]. In IDEO, teamwork has always been an
important aspect of work, so it has become part of the discussion of design thinking put
forward by Kelley and Brown [11], the integration of different perspectives inside and
outside the organization is considered to be the core aspect of design thinking [20].
Building a cross-functional, multidisciplinary team can help “solve the complexity of
the project and ensure that the technical, business, and personnel latitudes of the
problem are reflected” [21]. Teamwork and deep learning are seen as essential skills in
the industry, and universities promote teamwork as part of a flexible and transferable
set of skills suitable for employment [22–25], the aim is to provide students with the
opportunity to learn concepts in depth [26, 27]. From the team level, this study dis-
cusses the impact of the single-disciplinary team and cross-disciplinary team cooper-
ation in design thinking education on students and pays attention to observing the
progress of individual and collective knowledge.
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2.3 Summary

With the change of the global industry and the progress of technology, the field of
education, like the business field, is working to emphasize the education system led by
innovation [28]. Higher education iterates and develops ways to integrate with the
industry through continuous research on practice and innovation. In the predicament,
higher education continues to develop to adapt to social changes, narrowing the gap
between talent training and the needs of the industry. As a human-centered innovative
method, design thinking considers people’s needs and behavior, as well as the feasi-
bility of science and technology or business [29], through cooperation to find solutions
to problems, to develop critical thinking, innovative thinking, cooperation in solving
fuzzy problems, and other skills that participants need to succeed.

The application of design thinking in the educational environment is becoming
more and more frequent, and design thinking is very popular at all stages of school
education, as well as short courses on design thinking and innovation. Design thinking
provides a popular multidisciplinary skillset [30]. However, there are still some
unexpected problems in the actual environment. In the environment of higher educa-
tion, there are also some restrictive and uncertain factors in design thinking education.
For example, some design thinking education is conducted in single-disciplinary teams,
while others are conducted in cross-disciplinary teams. If we understand the influence
of different team types on students in the education of design thinking, it will be of
great help to expand the research on the influence of “the influence of design thinking”.
This study hopes to supplement the content of “the influence of design thinking” which
is less studied in the current academic field by discussing the influence of single-
disciplinary team cooperation and cross-disciplinary team cooperation on students in
design thinking education. It will be very important to provide richer practical research
for design thinking education in the future.

3 Methods

3.1 An Introduction to the Course of Design Thinking in This Study

This study was based on two design thinking courses offered by the Department of
Design, National Taiwan University of Science and Technology. The course lecturers
had 20 years of teaching experience and nearly 100 workshops on design thinking. The
content of the course was to promote the participants human-centered innovation and
execution ability from the aspects of thinking theory, tool practice, case sharing, and
creative practice. The purpose of the course was to cultivate design thinking practi-
tioners with “pragmatic innovation”, “human-centered”, “cross-domain integration”
and “iteration”. The task of the course was carried out in the mode of teamwork, and
each group completed a service design case to address a real problem in industry
through teamwork.
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3.2 Subject Description

The subjects of this study came from design discipline and business management
discipline respectively, in which the majors of design students covered industrial
design, service design, business design, visual communication design, and design
education; business management students majors included marketing, curatorial exhi-
bition, business administration.

A total of 56 subjects were tested in this study. A total of 29 students in the single-
disciplinary team were divided into 5 groups, each of which was composed of students
with a design background. A total of 27 students in the cross-disciplinary team were
divided into 4 groups, each of which was composed of students with a design back-
ground and business management background.

3.3 Introduction to the Method of Questionnaire Survey

The process of this study is as follows: the first step is that all the subjects fill in the
Google form online at the end of the course; the second step is to analyze and collect
the data after completing the answer.

In addition to the basic information used to understand the basic situation of the
subjects, the types of the questionnaire include closed questions and open questions.
the purpose of the questionnaire is to increase the richness of feedback information
through the combination of closed questions and open questions.

The first question (Q1) to the eleventh question (Q11) is a closed question, and the
answer item is set to a fixed radio, in which the type of answer is: the first question (Q1)
is the Net Promoter Score (NPS) of the evaluation course, using the NPS fixed scale (0–
10, 0 is impossible, 10 is highly likely). The second question (Q2) is to evaluate the
importance attached to the curriculum (1–5, 1 is very unimportant, 5 is very important),
and the third question (Q3) is to evaluate the degree of satisfaction with the curriculum
(1–5, 1 is very dissatisfied, 5 is very satisfied). The type of answer item of the fourth
question (Q4) to the eleventh question (Q11) is Likert scale 5 (1–5, 1 is very disagree, 5
is very agree). Questions 12 (Q12) to 18 (Q18) are open-ended questions. There are
two types of answers: multiple-choice questions and short answer questions. Questions
12 (Q12) to 15 (Q15) are multiple-choice questions, which are composed of a com-
bination of fixed options and short answers (multiple choices can be made), questions
16 (Q16) to 18 (Q18) are short answers. The contents of the questionnaire are shown in
Table 1.

3.4 Introduction of Analysis Method

The first question is the Net Promoter Score (NPS), Calculate your NPS using the
answer to a key question, using a 0–10 scale: How likely is it that you would recommend
this course to classmates or friends? Respondents are grouped as follows: 1) Promoters
(score 9–10) are loyal enthusiasts who will keep buying and refer others, fueling growth,
2) passives (score 7–8) are satisfied but unenthusiastic customers who are vulnerable to
competitive offerings, 3) detractors (score 0–6) are unhappy customers who can damage
your brand and impede growth through negative word-of-mouth. NPS is calculated by
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subtracting the percentage of customers who answer the NPS question with a 6 or lower
(known as “detractors”) from the percentage of customers who answer with a 9 or 10
(known as “promoters”).

This study corresponds to different analysis methods according to the types of
questionnaire questions. The feedback information of the closed problem (Q2–Q11)
was statistically analyzed by an independent sample T-test (p < .05, double tail).
Students who participate in single-disciplinary teams and cross-disciplinary teams are
independent of each other, meet the independence, and conform to the normal distri-
bution. Therefore, an independent sample T-test is adopted.

The analysis method of open-ended problems is divided into two parts, one is
presented by calculating the percentage (% = number of people who selected this
option/total number of people), and the other is collated and described by qualitative
research methods.

Table 1. Contents of the questionnaire.

Question type Question

Closed - ended
question

Q1: How likely is it that you would recommend this course to
classmates or friends?
Q2: how much do you attach importance to the course?
Q3: what is your satisfaction with the course?
Q4: you feel that you are contributing to the team
Q5: you feel valued on the team
Q6: you think you have leading ability in the team
Q7: you have a clear understanding of what the team’s goals are
Q8: you can understand the opinions expressed by members in different
fields
Q9: you can get enough trust from team members
Q10: your ideas often run counter to the team consensus
Q11: participation in teamwork helps improve individual abilities

Open - ended
question

Q12: what are your needs for the choice of teammates?
Q13: in your opinion, what is the impact of teamwork on you?
Q14: what do you think is the key to teamwork?
Q15: what role do you play in teamwork?
Q16: what do you think are the advantages of the course?
Q17: what issues or parts do you spend a considerable amount of time on
in the collaborative design process? What’s the solution?
Q18: what is the biggest problem you encounter in teamwork? What is
your opinion or suggestion?
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4 Results

Through the design thinking course in colleges and universities, this study discusses
the impact of single-disciplinary teamwork and cross-disciplinary teamwork on stu-
dents. Now the feedback information is sorted out and summarized according to the
corresponding analysis methods, and the following main results are summarized:

4.1 The Similarities Between Teams

After the course of design thinking, through the quantitative survey, we can clearly see
the influence of the composition of the two types of teams on the students.

First, the members of the two types of teams have similar positive comments on
the course loyalty, importance and satisfaction of the course, and speculate that
the composition of the team does not affect the feeling of the course. The purpose
of the first, second and third questions is to understand the course loyalty, importance
and satisfaction of the students in the two types of teams.

The first question (Q1) is to ask students: How likely is it that you would recom-
mend this course to classmates or friends? The results of statistics are shown in Fig. 1.
In the “single-disciplinary team”, there are 25 Promoters, 4 passives, and 0 detractors.
The value of NPS is 86%. In the “cross-disciplinary team”, there are 21 Promoters, 5
Passives, and 1 Detractors. The value of NPS is 74%. It can be seen that both types of
teams have a high degree of loyalty to the course (see Fig. 1).

The second question (Q2) is that students are required to evaluate the importance
they attach to the curriculum. There is no significant difference between single-
disciplinary team (M = 4.75, SD = 0.78) and cross-disciplinary team (M = 4.70,
SD = 0.46), t(df) = 0.31, p = 0.75 > .05. The third question (Q3) is that students are
required to assess their satisfaction with the course. Similarly, there is no significant
difference between single-disciplinary team (M = 4.82, SD = 0.38) and cross-
disciplinary team (M = 4.59, SD = 0.69), t(df) = 1.55, p = 0.12 > .05. The details of
the data are shown in Table 2.

Fig. 1. NPS calculation results of the single-disciplinary team and cross-disciplinary team.
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According to the statistical results, there is no significant difference in course loy-
alty, importance, and satisfaction between the students of the two groups. In addition,
the NPS values of both courses are more than 70%, and the M values of course im-
portance and satisfaction are higher (M > 4.00). This shows that the two types of team
members have similar positive comments on the course loyalty, importance, and sat-
isfaction of the course, and we speculate that the composition of the team does not
affect the feeling of the course.

Second, the two types of team members have similar positive comments on the
degree of individual contribution to the team, the degree of being valued by the
team, and the degree of trust gained by the team, is speculated that team compo-
sition has little influence on the feeling of teamwork. The purpose of the fourth, fifth
and ninth questions is to understand the feelings of the two types of team students in
teamwork, including the individual’s contribution to the team, the degree of being valued
by the team, and the degree of trust gained from the team. The results showed that:

The fourth question (Q4) required students to evaluate the degree of contribution to
the team, and there was no significant difference between single-disciplinary team
(M = 4.27, SD = 0.75) and cross-disciplinary team (M = 4.37, SD = 0.68), t(df) =
−0.49, p = 0.62 > .05. The fifth question (Q5) requires students to evaluate how much

Table 2. Quantitative statistical results of Questions 2–11

Question Single-
disciplinary
Team
M (SD)

Cross-
disciplinary
Team
M (SD)

T P

Q2: how much do you attach importance
to the course?

4.75 (0.78) 4.70 (0.46) 0.31 0.75

Q3: what is your satisfaction with the
course?

4.82 (0.38) 4.59 (0.69) 1.55 0.12

Q4: you feel that you are “contributing”
to the team

4.27 (0.75) 4.37 (0.68) −0.49 0.62

Q5: you feel “valued” on the team 4.24 (0.68) 4.25 (0.94) −0.08 0.93
Q6: you think you have “leading ability”
in the team

3.89 (0.77) 3.29 (1.06) 2.42 0.01*

Q7: you have a clear understanding of
what the team’s goals are

4.58 (0.50) 4.55 (0.50) 0.22 0.82

Q8: you can understand the opinions
expressed by members in different fields

4.62 (0.62) 4.48 (0.57) 0.86 0.39

Q9: you can get enough trust from team
members

4.48 (0.63) 4.40 (0.88) 0.36 0.71

Q10: your ideas often run counter to the
team consensus

1.89 (0.97) 1.92 (0.82) −0.12 0.90

Q11: participation in “teamwork” helps
improve individual abilities

4.55 (0.50) 4.40 (0.74) 0.84 0.40

*P < 0.05, Single-disciplinary Team. n = 29, Cross-disciplinary Team. n = 27
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they are valued in the team. there is no significant difference between single-
disciplinary teams (M = 4.24, SD = 0.68) and cross-disciplinary teams (M = 4.25,
SD = 0.94), t(df) = −0.08, p = 0.93 > .05. The ninth question (Q9) requires students
to assess the degree of trust they gain from team members. Similarly, there is no
significant difference between single-disciplinary team (M = 4.48, SD = 0.63) and
cross-disciplinary team (M = 4.40, SD = 0.88), t(df) = 0.36, p = 0.71 > .05. The
details of the data are shown in Table 2.

According to the statistical results, there is little difference between the two types of
team members in terms of individual contribution to the team, how much they are
valued by the team, and how much trust they gain from the team, and M > 4.00. This
can show that the two types of team members have similar positive comments on the
degree of individual contribution to the team, the degree of being valued by the team,
and the degree of trust gained by the team. It is speculated that team composition has
little influence on the feeling of teamwork.

Third, the two types of team members have similar positive comments on under-
standing team goals and members’ opinions, and thus we speculate that team
composition has little influence on understanding team goals and members’
opinions. The purpose of the seventh, eighth and tenth questions is to understand the
evaluation of the two types of team students on the level of understanding team goals
and members’ opinions. The results showed that:

The seventh question (Q7) requires students to assess the extent to which they
understand the team’s goals. There was no significant difference between single-
disciplinary team (M = 4.58, SD = 0.50) and cross-disciplinary team (M = 4.55,
SD = 0.50), t(df) = 0.22, p = 0.82 > .05. The eighth question (Q8) requires students to
assess the extent to which they understand the views of members in different fields. There
was no significant difference between single-disciplinary team (M = 4.62, SD = 0.62)
and cross-disciplinary team (M = 4.48, SD = 0.57), t(df) = 0.86, p = 0.39 > .05. The
tenth question (Q10) requires students to assess the extent to which their ideas contradict
the consensus of the team. Similarly, there was no significant difference between single-
disciplinary teams (M = 1.89, SD = 0.97) and cross-disciplinary teams (M = 1.92,
SD = 0.82), t(df) = −0.12, p = 0.90 > .05. The details of the data are shown in Table 2.

According to the statistical results, there is little difference between the two types of
team members in the degree of understanding between collaborative projects and team
members. The means of the seventh and eighth questions (Q7 and Q8) is greater than
4.00, and the mean of the tenth question (Q10) is less than 2.00. It can show that the
two types of team members have similar positive comments on the degree of under-
standing between the understanding team goals and members’ opinions. We speculate
that team composition has little influence on understanding team goals and members’
opinions.

4.2 The Values

Through the above quantitative survey, we find that the students of the two types of
teams are satisfied with the current curriculum plan. This study continues to confirm the
value and characteristics of curriculum design for participants through qualitative
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analysis. The goal of this case course is to train design thinking practitioners.
According to the lecturers of the courses, the characteristics of design thinking prac-
titioners are “pragmatic innovation”, “human-centered”, “cross-domain integration”
and “iteration”. After sorting out the feedback information of question 16 (Q16)
through qualitative method, it is found that:

Both types of team members mentioned the help of the curriculum in the culti-
vation of the characteristics of “pragmatic innovation” The course provides
innovative design thinking and a broad communication field, and uses appropriate tools
to assist innovation, produce truly landing, beneficial or influential solutions, and
cultivate the ability to solve innovative problems. For example, students from a single-
disciplinary team mentioned, “it is possible to structurally understand how an inno-
vative design thinking needs to be implemented, and how to use appropriate tools to
assist divergence convergence and verification, so as to improve the landing and
feasibility of commercialization”. Similarly, Students from cross-disciplinary team also
mentioned, “the publication of results is quite practical to seek advice from operators,
not only for homework, but also to listen to some suggestions from the industry, which
will help to increase the feasibility of the project”.

Both types of team members mentioned the help brought by the course in the
cultivation of the characteristics of the “human-centered”. In the cooperation, the
students mentioned to combine the stakeholders, think about the problem from different
angles, emphasize the human-centered problem-solving way, and produce a solution
that really meets the needs of the stakeholders. For example, students from a single-
disciplinary team mentioned that “this course stimulates many human-centered
thinking”. Similarly, students from cross-disciplinary team mentioned that “learn to
develop and insight into problems from the user’s point of view, explore more
opportunities and solutions that design can spread, improve users’ pain points and
integrate needs and expectations”.

Both types of team members mentioned the help brought by the curriculum in the
cultivation of the characteristics of “cross-domain integration”. Students men-
tioned that the course provides a clear-thinking framework, assists the divergence and
convergence of innovation, and combines different fields to solve fuzzy problems. For
example, students from a single-disciplinary team mentioned, “have a clearer outline
of the concept and process of service design, and help them to use different tools and
perspectives to come up with solutions when they encounter problems”. Similarly, the
students of the cross-disciplinary team mentioned, “the structure is orderly, and the
course is very interesting, have a more complete thinking process for future design, and
start a great enthusiasm for service design. A good cooperative relationship can be
achieved by cooperating with students from different disciplines”.
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Both types of team members mentioned the help of the course in the cultivation of
“iterative ability”. Students emphasize the continuous verification of the correct-ness
of the solution direction at different stages of the course, as well as iterative solutions
and landing methods. For example, students from a single-disciplinary team men-
tioned, “in the process of creative situation creation, we use a variety of methods and
discussions to achieve possible successful situations, from the point of view of user
experience, through the tests conducted in the classroom at each stage of work to
confirm whether the direction of input is accurate”. Similarly, students from the cross-
disciplinary team also mentioned, “it is very practical to learn service design methods
step by step and find solutions through practical tests”.

4.3 The Differences Between Teams

Through the above quantitative and qualitative methods, we find that the two types of
team members are satisfied with the curriculum plan and its impact. This study con-
tinues to explore the characteristics and key issues of the team through quantitative and
qualitative methods.

Members of a single-disciplinary team feel more strongly that they have the
leading ability in the team. In the sixth question (Q6), there is a significant difference
between single-disciplinary team (M = 3.89, SD = 0.77) and cross-disciplinary team
(M = 3.29, SD = 1.06), t(df) = 2.42, p = .01 < .05. The details of the data are shown
in Table 2. This shows that the members of the single-disciplinary team come from the
same discipline, have a relatively high degree of communication understanding and a
high sense of trust, and the degree of leading ability in the evaluation team is signif-
icantly higher than that of the cross-disciplinary team. We speculate that team com-
position affects team leadership.

Cross-disciplinary teamwork promotes the improvement of communication,
knowledge sharing, and cooperation, on the other hand, it also brings some
restrictive factors, such as low efficiency of cooperation. The purpose of question 13
(Q13) is to understand the impact of teamwork. The results showed that:

On the one hand, comparedwith the percentage of “successfully complete the task, get
twice the result with half the effort”, the result is that the cross-disciplinary team (55.5%)
is lower than the single-disciplinary team (72.4%). The percentage of cross-disciplinary
teams is higher than that of single-disciplinary teams in choosing “efficiency is often too
low”, “it is easy to form dependence and hinder the exertion of individual ability” and
“there is no significant effect”. The details of the data are shown in Table 3.

On the other hand, in some positive impact options, cross-disciplinary teams are
higher than single-disciplinary teams, for example, “enhance members’ understanding
and obtain good interpersonal relationships” (single-disciplinary team 75.8%, cross-
disciplinary team 88.8%), “exercise their teamwork ability” (single-disciplinary team
79.3%, cross-disciplinary team 88.8%), and “expand their knowledge” (single-
disciplinary team 69%, cross-disciplinary team 81.4%). The details of the data are
shown in Table 3.
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In the feedbacks, students participating in cross-disciplinary teams mentioned, “get
to know each other, learn from others’ strong points to offset one’s weakness”, “en-
hance the ability to cooperate with design professional teams”, “exercise leadership
skills”, “learn to be led”, “enhance professional knowledge” and so on.

These results show that the students who participate in cross-disciplinary team co-
operation think that the degree of low cooperation efficiency is higher than that of the
single-disciplinary team, but the influence degree of interpersonal relationship, team
cooperation ability, and knowledge breadth is higher than that of the single-disciplinary
team. From the perspective of the two sides of things, cross-disciplinary team members
come from different disciplinary backgrounds, which on the one hand promotes the
improvement of communication, knowledge sharing, and cooperation, on the other
hand, it also brings some restrictive factors, such as low efficiency of cooperation.

To sum up, this study found that: 1) the two types of team members have similar
positive comments on the course loyalty, the degree of importance on the course, the
degree of satisfaction with the course, the degree of contribution to teamwork, the
degree of being valued by the team, the degree of trust in the team and the level of
understanding of team goals and members’ opinions, 2) both types of team members
mentioned the help brought by the cultivation of the characteristics of design thinking
practitioners, 3) In terms of teamwork, we find that the two types of teams have their
own characteristics, and there are also some constraints.

5 Conclusions

With the continuous progress of society, innovative education in the environment of
higher education has become an important research topic. Design thinking provides
help for innovative education with its own advantages, but design thinking education
has a long way to go. Based on the design thinking course, this study summarizes the
impact of single-disciplinary team cooperation and cross-disciplinary team cooperation

Table 3. Q13: In your opinion, what is the impact of teamwork on you? (% = number of
choices/total number of people * 100)

Option category Single-disciplinary
Team (%)

Cross-disciplinary
Team (%)

Enhance the understanding of the members and
obtain good interpersonal relationships

75.80 88.80

Complete the task smoothly and get twice the
result with half the effort

72.40 55.50

Exercise your teamwork ability 79.30 88.80
Expand your knowledge 69 81.40
There is no significant effect 0 3.70
It is easy to form dependence and hinder the
exertion of individual ability

0 11.10

Efficiency is often too low 10.30 25.90

Single-disciplinary Team. n = 29, Cross-disciplinary Team. n = 27
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on students and discusses the characteristics and problems of different teams in design
thinking education. According to the results, the two types of team members are
satisfied with the current curriculum plan, and the curriculum design provides help for
participants to become “design thinking practitioners”. In terms of teamwork, we find
that the two types of teams have their own characteristics, and there are also some
restrictive factors.

The students who participate in the single-disciplinary team and the students of the
cross-disciplinary team have similar positive comments on the curriculum plan and its
impact, and the team composition has little difference on the students. This study is
based on the design thinking course offered by the Department of Design, in which
business management students are quite close to design students in learning cognition
and innovation. The quantitative survey shows that: the two types of team members
have similar positive comments on the course loyalty, the degree of importance on the
course, the degree of satisfaction with the course, the degree of contribution to team-
work, the degree of being valued by the team, the degree of trust in the team and the
level of understanding of team goals and members’ opinions.

We find that the students of the two types of teams are satisfied with the current
curriculum plan. Qualitative analysis confirms the value and characteristics of cur-
riculum design for participants, both types of team members mentioned the help
brought by the cultivation of the characteristics of design thinking practitioners.

In terms of teamwork, we find that the two types of teams have their own char-
acteristics, and there are also some constraints. On the one hand, the two types of teams
have their own characteristics. Students who participate in single-disciplinary teams
have more profound feelings in terms of course evaluation, cooperative projects and
understanding among members, sense of trust and their leading ability in the team.
Cross-disciplinary teams feel more deeply in terms of “contribution” and “importance”,
and Students who participate in cross-disciplinary teams are deeply influenced by
different subject knowledge and interpersonal interaction. On the other hand, due to the
characteristics of different teams, there are also some restrictive factors. The partici-
pants of the cross-disciplinary team come from different fields, and the instability of
cooperation is higher than that of the single-disciplinary team, and its communication
and cooperation efficiency is weaker than that of the single-disciplinary team.

Facing the future, the education of design thinking will still be an important re-search
issue. From the perspective of team collaboration, this study compares the influence of
single-disciplinary team and cross-disciplinary team on students, which provides a ref-
erence for design thinking education. In the future, we should continue to pay attention to
the research on different issues that influence design thinking courses to promote the
development of creativity and foster excellent “T-type” talents for the society.
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Abstract. This paper proposes a system that presents outlines of dis-
cussions in other groups in the same classroom as co-occurrence networks
that reflect the activeness of discussions. The proposed system focuses
on discussions conducted by two people during a lecture. The activeness
of the discussions is analyzed using nonlinguistic acoustic information,
which is calculated based on participants utterances collected by wear-
able devices. The co-occurrence networks are drawn with emphasizing the
active parts of discussions by each group. We conducted an experiment
to verify the effect to the participants by applying the proposed system
to a lecture, and the effect of presenting the co-occurrence networks was
examined in a subjective evaluation. The participants conducted another
discussion after observing the co-occurrence networks of the previous dis-
cussion, and the second discussion was scored by the lecturer. As a result,
the co-occurrence networks reflecting discussion activeness were not eval-
uated higher than those that did not reflect discussion activeness. This
suggests that the variety of topics in the co-occurrence networks may
stimulate discussion participants more effectively.

Keywords: Group discussion · Co-occurrence network · Nonlinguistic
acoustic information · Word embedding

1 Introduction

Tackling complex problems are difficult, with the limits in individuals’ perspec-
tives, experiences and knowledge. Creative activity grows out of the relation-
ship between an individual and other human beings. Because complex problems
require more knowledge than any single person possesses, it is essential that all
involved learners participate, communicate, collaborate from each other [1].

Active learning, which is worked on a problem and actively involved its learn-
ing process, has been introduced in the education field. One active learning app-
roach introduces a discussion style in which divide small groups are formed dur-
ing a lecture. In discussions, it is important to hear and understand the opinions
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of others. However, in such small-group discussions, the opinions of participants
maybe similar if the learners are in the same field of study. In such cases, the
range of discussion can be limited; thus, it may be difficult to include unexpected
opinions. To solve this problem, it is useful to incorporate different opinions and
ideas from outside the group into the discussion.

To incorporate different ideas from outside the group, several group discus-
sion techniques have been proposed such as jigsaw method [2], sharing comments
on worksheets, and providing a list of keywords. However, these methods have
problems in supporting ideas and activating discussions. For example, when shar-
ing opinions among groups using the jigsaw [2], the degree of success depends
on the level of understanding of the target learners. If the learner cannot sum-
marize the discussion effectively, sharing opinions with other learners cannot
be achieved. And stable membership groups experienced higher levels of com-
fort and perceived friendliness than did groups that changed membership [3].
In discussion, it is possible that changed membership prevent from discussion
activeness. In addition, when using comments on worksheets, the learner requires
significant time to understand the details of the discussion because a lot of infor-
mation may be shared. With a list of keywords, it is possible to grasp an outline
of the discussion; however, it may be difficult to understand the entire discussion
because the general context is omitted. Thus, in this study, to obtain general
understanding of the context of a discussion, we propose a method to present
words that evoke the subject of the discussion.

The proposed method comprises three main phases, i.e., Discussion Phase 1,
Support Phase, and Discussion Phase 2. After Discussion Phase 1, the proposed
system presents a co-occurrence network to participants. Using the proposed
system, we examine how the proposed system affects Discussion Phase 2.

2 Related Work

2.1 Visualizing Discussion Outlines

Previous studies have investigated visualizing discussion content. For example,
a previous study [4] visualized discussion using extruded word clouds. Here,
the authors created word clouds in consideration of the number of participants
involved topic words in a given period. By looking at word clouds, it is possible to
identify when the discussion topic become hot or cold. In addition, by connecting
the same words in adjacent word clouds, it is possible to observe the emergence
of new words, the extinction of weak words, and the existence of surviving words.

Another study proposed a method to view tags related to previous topics
selected by a user [5]. As a result, the supporting system helps users remember
previous conversation topics and demonstrates that viewing tags is less burden-
some than checking a chat log.

2.2 Recommend Next Topic Idea

Wang [6] helps with new ideas by presenting images that is highly relevant to the
word of user’s input. In brainstorming, the system searches ideas in the discussion
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based on the corpus and presents images related to the keywords contained in
the ideas. The presentation of images may let users to give information that is
unrelated to the theme. Therefore, it is insufficient as a presentation method for
the users to understand the outlines of the discussion.

In addition, Sunayama [7] proposed a system that recommends a next topic
that is related to the current topic. This system uses the hit counts of a web
search engine to evaluate the relations of the current topic, and the top-five
words of the number of hit counts are presented by users. The purpose of this
system is keeping the conversation. Note that the presented topics are general;
thus, this system is unlikely to stimulate discussions.

3 Discussion Support Based on the Condition

3.1 Presenting Co-occurrence Networks that Reflect Activeness of
Discussions

In this study, to understand an outline of a complete discussion in a short period,
we proposed a system that presents words that evoke the topic of the discussion
using co-occurrence networks. A co-occurrence network is a network diagram of
the similarity of the patterns in which words appear. However, if the co-occurrence
network is simply drawn from utterances in the discussion, the discussion topics
can become dispersed, and it may be difficult to quickly understand the discussion.

Thus, to encourage participants to lead to new ideas, we introduce a method
to emphasize active parts of a discussion when drawing the co-occurrence net-
work. Active parts of a discussion are likely to be an attractive topic for the
group. In addition, the participants are actively involved these parts of the dis-
cussions therefore, the participants of other groups could easily sympathize with
the discussion content. We consider that these parts of a discussion well represent
the overall discussion. Therefore, we consider that participants can understand
discussion outlines easily by emphasizing the most active parts of a discussion.

In addition, it is necessary to consider the characteristics of the other groups.
Here, we focus on a group with low relevance to the original group’s discussion.
We expect that using the content of a group not mentioned by the original group
would be stimulating for the original group.

3.2 Nonlinguistic Acoustic Features

Here, the following features are introduced to estimate the activeness of a discus-
sion [Anonymous, 2019]: time percentage of an utterance, percentage of silence,
and coefficient of speech overlap. Note that these values are calculated using
only nonlinguistic acoustic information per unit time.

Time Percentage of Utterance. The time percentage of an utterance value
is the utterance duration of a participant per unit time. The time percentage of
utterance is calculated for each participant in a group discussion, and the value
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is given in the range 0% to 100%. The degree of participation of each participant
in the discussion is obtained by evaluating the transition of the time percentage
of an utterance.

Percentage of Silence. The percentage of silence value is the duration in
which no group member spoke per unit time, and it is calculated per group
(rather than for each individual). The value is given in the range 0% to 100%.
The degree of stagnation of the group is obtained by evaluating the transition
of the percentage of silence.

Coefficient of Speech Overlap. The coefficient of speech overlap is the sum of
the total time percentage of an utterance of all participants in and the percentage
of silence of the group during a discussion, and it is calculated per group (rather
than for each individual). This value is given in the range 1 to the total number of
participants in the group. In addition, if there is no speech overlap, the coefficient
of speech overlap is 1. The degree of activeness in the group can be determined
by evaluating the transition of the coefficient of speech overlap.

3.3 Wearable Device

Wearable devices are consists in reference to previous research[9]. Here, Rasp-
berry Pi 3B+ or Raspberry Pi 4B are attached to a unidirectional USB micro-
phone that records the participants’ utterances. Figure 1 shows the wearable
device. The utterance audio data of the utterances are recorded and stored as
WAVE format files in the wearable devices. In addition, the nonlinguistic acous-
tic features are calculated by a server using the CSV files saved in the wearable
devices.

In this study, we evaluated whether the discussion was active every 20 s.
Using the nonlinguistic acoustic features collected in Discussion Phase 1, the
threshold to assess whether the discussion was active or inactive was determined
(Sect. 5.1). Then, the weight of words in the active parts of the discussion were
treated as double-counted. As a result, the active parts of the discussion can be
emphasized and reflected in co-occurrence networks.

3.4 Converting Utterance into Text in the Discussions

Using the audio files collected by the wearable devices, the discussion content of
each participant is to text using Google Cloud Speech-to-Text. However, Cloud
Speech-to-Text could not add punctuation marks at that time, and punctuation
is essential to draw the co-occurrence networks. In addition, the recognized pre-
cision was reduced by informal term in the discussions. Therefore, after perform-
ing the speech recognition process, punctuation marks were added and erroneous
conversions were corrected to refine the text.
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Fig. 1. Wearable device

3.5 Relevance to the Contents of the Discussion

In this study, we considered it is necessary to use the co-occurrence network of a
group with low relevance to the discussion content to stimulate discussion. Using
the content of another group not mentioned by the original group is expected
to stimulate the original group to think about new ideas related to the target
subject matter. Thus, Word2vec [9], which represents the meaning of a word
using vectors, was used to compare the relevance of the discussion content. Here,
the similarity of the content of the discussions was calculated between groups. In
a previous study, word embedding was used to support conversation. Nishihara
[10] proposed a topic switching system for unfamiliar couples in face-to-face
conversations. When couples end the conversation, this system selects a new
topic and presents the new topic to the couples.

In this study, the existing trained model was used. Here, the Wikipedia data
are used as learning data, and the feature vector for each word is 300 dimensions.
In addition, the meanings of words are considered; thus, this method is more
human-friendly than word coincidence among discussions. To select the new
topic, the information of both hobbies collected are vectorized using Word2vec,
and then words that are highly related to those words are presented to the user
as next topic words.

The original goal of Word2vec is to compare the similarities of words. How-
ever, in this study, the vector averages of words are compared. This method
hardly generates the difference as the number of words increases. Thus, similar-
ity increases even for unrelated sentences.

Here, we extract topic words in the discussion, and we employed TF-IDF to
search these words, where the weight of a term that occurs in a document is
proportional to the term frequency. The specificity of the term can be quantified
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as an inverse function of the number of documents in which it occurs. With these
ideas, TF-IDF can be used to measure the importance of words in documents.
TF-IDF is expressed by Eqs. (1), (2), and (3). Here, nt,d is the number of times
words t appear in group d, nd is the number of appearance of all words in group
d, N is the total number of groups, and df(t) is the number of groups in which
word t appears.

tfidf(t, d) = tf(t, d) · idf(t,N) (1)

tf(t, d) =
nt,d

nd
(2)

idf(t,N) = log
N

df(t)
+ 1 (3)

As a result, the top-five words are selected from the TF-IDF value. If the
words have same values, they are ranked according to the number of links in the
co-occurrence network for that word.

The discussion data converted to text were subjected to morpheme analysis
using Mecab [11] to extract nouns. Then, the top-five nouns were selected as
topic words using the TF-IDF method. Each topic word was then vectorized
using Word2vec, and it was averaged. Thus, the feature vector in the group
discussion can be calculated. When selecting topic words, we excluded words
containing numbers and those that did not appear in the co-occurrence networks
of the group. We estimated the discussion relevance by comparing the feature
vectors in the discussions of each group using cosine similarity (Eq. (4)). Here,
the feature vector of discussion content a is denoted −→a , and the feature vector
of discussion contents b is denoted

−→
b . This similarity takes minimum 0 and

maximum values of 0 and 1, respectively, where a higher values indicates higher
similarity.

cos(a, b) =
−→a · −→

b

|−→a ||−→b |
(4)

3.6 Creating the Co-occurrence Networks

The KHcoder text analysis was used to draw the co-occurrence networks from
the discussion text. Calculating the co-occurrence relationship uses the Jaccard
index. The calculation of the co-occurrence relation between words X and Y is
expressed in Eq. (5). Here, that X and Y are the number of appearances of each
word, and we selected “sentence” as the unit of aggregation.

Jaccord(X,Y ) =
|X ∩ Y |
|X ∪ Y | (5)

Note that we excluded several parts of speech, e.g., interjections and adverbs
that have no characteristic meaning. In addition, we used the TermExtract Perl
module for automatic keyword extraction to detect and extract compound words.
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3.7 Flow of Co-occurrence Network Presentation

As mentioned previously, we consider that a discussion comprises Discussion
Phase 1, Support Phase, and Discussion Phase 2. The content of Discussion
Phase 1 for all groups is converted to text (Sect. 3.4). Then, the activeness of the
discussion is reflected in the text (Sect. 3.3). Next, the co-occurrence networks
are drawn (Sect. 3.6) using these data. Then relevance is then is determined
using the method described in Sect. 3.5. From the results, we select the group
with the lowest relevance to the original group. Then, the co-occurrence network
of the selected group is presented in the Support Phase. Figure 2 shows the flow
of co-occurrence network presentation.

Fig. 2. Flow of co-occurrence network presentation

4 Experiment

We conducted an experiment to validate how the proposed system affects Dis-
cussion Phase 2.

4.1 Experimental Procedure

This experiment was conducted during a science lecture held at a university’s
interdisciplinary faculty. The participants included 36 undergraduates who gave
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informed consent. Note that the control condition was based on the proposed
system without using discussion activeness. Each group comprised two partici-
pants. In total, there were seven groups for the experimental condition and 11
groups for the control condition. This 90-min lecture was held during the second
semester of 2019. Discussion Phase 1 was held during the eleventh lecture, and
Discussion Phase 2 was held in the thirteenth lecture. Note that all participants
attended the lecture on both days. In addition, the group compositions were
fixed throughout the experimental procedure.

In the 11th lecture on the first day, only the Discussion Phase 1 was con-
ducted. Prior to starting the experiment, an outline of the experiment was pro-
vided, and the wearable devices were explained. In addition, teaching assistances
provided a demonstration. Then, Discussion Phase 1 was conducted for 10 min.
The participants engaged discussion while wearing headset microphones. Based
on the content of Discussion Phase 1, the system drew and selected co-occurrence
networks to be presented to each group using the procedure described in Sect. 3.7.

In the 13th lecture on the second day, the Support Phase and Discussion
Phase 2 were conducted. Here, the participants formed the same groups used
in Discussion Phase 1 before lecture began. Before starting the Support Phase,
the experiment was explained again. In addition, the co-occurrence network was
introduced. In the Support Phase, a worksheet with the selected co-occurrence
network was distributed to each participant. Here, one optimal co-occurrence
network for the experimental or control conditions was selected for each group.
Each participant was given three minutes think about the worksheet. During this
time, the participants were asked circle the parts of the co-occurrence networks
that they expected to be treated as topics in Discussion Phase 2. Then, five
minutes were given for Discussion Phase 2. After Discussion Phase 2, the par-
ticipants were asked to answer a questionnaire to evaluate the proposed system
and describe Discussion Phase 2. Table 1 shows the themes of the discussions in
Discussion Phases 1 and 2, and Table 2 describes the experimental procedure.

Table 1. Discussion theme

Phase Discussion theme

Discussion Phase 1 Explain the achievements of this faculty that you
belong to

The targets are people who do not know this faculty

Example

What did you grow most after entering university?

How have you overcome your weakness?

How would you like to use your university experience
in the future?

Discussion Phase 2 What you noticed and discovered while checking the
co-occurrence

Network of the other group
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Table 2. Experimental procedure

Day Time Contents

Day 1 5min Explain about experiment and demonstration

2min Explain about wearable device

10min Discussion Phase 1

Day 2 2min Explain the co-occurrence networks

3min Support Phase

5min Discussion Phase 2

After discussion Questionnaire about this system

4.2 Evaluation Item

Table 3 shows the question items of the subjective evaluation questionnaire Lik-
ert scale: “5. Strongly Agree,” “4. Agree,” “3. Neither Agree nor Disagree,”
“2. Disagree,” and “1. Strongly Disagree.”

Table 3. Experimental procedure

Question Contents

Q1 You understood the contents in other group by seeing the co-occurrence
network

Q2 Seeing the co-occurrence network triggered utterance

Q3 You came up with new ideas by seeing the co-occurrence network

Q4 Seeing the co-occurrence network was useful in this discussion

After Discussion Phase 2, the participants were asked to outline Discussion
Phase 2 on the worksheet. In addition, the content of Discussion Phase 2 was
converted to text using the method described in Sect. 3.4, and the spoken text
was created. The grades of the worksheets were evaluated in three levels by the
lead teacher. Here, the ratio of the high evaluation was 15%, the ratio of the
middle evaluation was 70%, and the ratio of the low evaluation was 15%. The
worksheets were scored according to the same criteria as the other day’s lessons
in other themes of the lecture. In addition, the text data were evaluated in three
levels by the teachers. The ratio of the high evaluation was 30%, the ratio of the
middle evaluation was 40%, and the ratio of the low evaluation was 30%. Here,
the text that deepened the meaning and relationship of links in the co-occurrence
network was ranked higher, and the text in which the intention of the content
could not be observed in the co-occurrence network was ranked lower. The rest
was standard discussion. The scoring criteria for the worksheet and spoken text
are shown in Tables 4 and 5, respectively.
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The participants were asked to provide a freeform response to the following:
“Please state what you thought during the lecture and the reason.”

Table 4. Evaluation of the worksheet

Grade Percentage Criteria

High 15% Not only the facts, but also thinking deep

Medium 70% Describes according to the set issues about the fact

Low 15% The worksheet in which the intention of the content could
not be read

Table 5. Evaluation of discussion log

Grade Percentage Criteria

High 30% Spoken text that deepened the meaning and relationship of
the links in the co-occurrence networks

Medium 40% Spoken text in which based on presenting the fact about the
co-occurrence networks

Low 30% Spoken text in which the intention of the content could not
be observed in the co-occurrence network

5 Result of the Experiment

5.1 Decision on Co-occurrence Networks

The threshold of discussion activeness was determined from the results of the
Discussion Phase 1. Here, the nonlinguistic acoustic features of Discussion Phase
1 were analyzed. Table 6 shows the details of the nonlinguistic acoustic features
for Discussion Phase 1. As mentioned in Sect. 3.3, discussion activeness was eval-
uated every 20 s. In reference to a previous study [8], the threshold of discussion
activeness was defined as follows.

Table 6. Analysis of Discussion Phase 1

Time percentage
of utterance

Percentage of
silence

Coefficient of
speech overlap

Average 37.01% 31.41% 1.054

SD 6.44% 10.66% 0.039

(1) Time Percentage of Utterance for 20 s is greater than 43.45%
(2) Percentage of Silent Time for 20 s is less than 31.41%
(3) Coefficient of Speech Overlap for 20 s is the top 33% of each group
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The values of the upper 33% of the coefficient of speech overlap in each group
were defined based on the hypothesis that the characteristics of responses from
each participant differ in existence of utterance. The threshold of the time percent-
age of utterance is the sum of the average and standard deviation of all groups, and
the threshold of the percentage of silence is the average of all groups. Based on this
threshold, we determined whether a certain part of the discussion was active for
each part. Here, the weight of the words in active parts of the discussion is treated
as double-counted when the system drew the co-occurrence networks.

From the results of Discussion Phase 1, co-occurrence networks with the least
relevance were selected for each group (Sect. 3.6). If there were only a few active
parts in the discussion, similar co-occurrence networks were drawn. Therefore,
the groups in which active parts of discussions were less than 120 s were excluded
as co-occurrence network candidates. In addition, to avoid presenting the same
co-occurrence network to multiple groups repeatedly, no more than five groups
were presented the same co-occurrence network.

5.2 Results of Questionnaire

Table 7 shows the questionnaire results. There were 14 participants in the exper-
imental condition and 21 participants in the control condition. Note that one
participant was excluded. As shown in Table 7, the average value of Q2 (“See-
ing the co-occurrence network triggered the utterance”) is less than those for
the other three questions. Here, for each question, the Mann-Whitney U-test
was performed on the hypothesis, i.e., the scores in the experimental condition
are greater higher than those of the control condition. However, no significant
difference was observed for either case.

Table 7. Result of the questionnaire

Q1 Q2 Q3 Q4

Experimental Average 3.79 3.36 3.57 3.64

Condition (N = 14) SD 1.01 1.17 0.82 0.90

Control Average 3.81 3.62 3.81 4.05

Condition (N = 21) SD 1.01 0.84 0.79 0.79

As a result, the average evaluation scores were greater than three in all cases.
Therefore, we consider that the proposed system with co-occurrence networks
has a certain degree of acceptance for the participants.

5.3 Result of the Contents of the Discussion

Based on the criteria listed in Tables 4 and 5, “high: excellent discussion” was
considered three points, “medium: standard discussion” was considered two
points, and “low: insufficient discussion” was considered one point. Here, 14 par-
ticipants were included in the experimental condition and 22 participants were
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included in the control condition. Table 8 shows the average and standard devi-
ation of the results of the spoken text as evaluated by the teacher, and Table 9
shows the average and standard deviation of the results of the worksheets as
evaluated by the teacher. Here, the Mann-Whitney U-test was performed on the
hypothesis that the scores in the experimental condition are greater than those
in the control condition. However, no significant difference was observed in either
case. In addition, the spoken text and worksheet in the control condition were
evaluated higher than those in the experimental condition.

Table 8. Result of worksheet evaluated by teacher

Average SD Number and
percentage of
high evaluation

Number and
percentage of
middle evaluation

Number and
percentage of
low evaluation

Experimental
condition (N = 14)

2.00 0.54 2 (14.3%) 10 (71.4%) 2 (14.3%)

Control condition
(N = 22)

2.18 0.83 10 (45.5%) 6 (27.3%) 6 (27.3%)

Table 9. Result of spoken text evaluated by teacher

Average SD Number and
percentage of
high evaluation

Number and
percentage of
middle evaluation

Number and
percentage of
low evaluation

Experimental
condition (N = 14)

2.00 0.54 2 (14.3%) 10 (71.4%) 2 (14.3%)

Control condition
(N = 22)

2.18 0.65 7 (31.8%) 12 (54.5%) 3 (13.6%)

5.4 Evaluation of the Impression in the Lecture

Several negative opinions were observed in the written comments, e.g., “I did
not understand the co-occurrence network for the first time,” “There was little
explanation of the co-occurrence networks,” and “I do not know how the co-
occurrence network was drawn.” We consider that these comments were given
because the introduction of the co-occurrence networks was insufficient to realize
effective understanding. It appears that it we must provide additional informa-
tion so that the participants can become more familiar with co-occurrence net-
works, e.g., by providing demonstrations using co-occurrence networks. In addi-
tion, one participant stated, “I want to look back on our group’s co-occurrence
network.” Thus, we consider that it may be helpful for participants to compare
the co-occurrence networks of their own group with those of other groups. It
was also suggested that the presentation to the participants who never see the
co-occurrence networks is difficult to understand.
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In contrast, positive opinions were provided in the written comments, e.g.,
“That’s new for me” and “I get my idea from discussions of the other group.” In
addition, one participant stated, “it was inconvenient, but I thought deeply by
complementing.” In other words, we consider that observing the co-occurrence
network facilitates further thought.

6 Discussion

In the experiment, the scores in the controled condition is higher than those in
the experimental condition in the questionnaire, the worksheet and the spoken
text. But there is no significant difference of the results. One of the reason for
this is the fact that the range of the discussions appeared in the co-occurrence
networks of the experimental condition are narrower than those of the controlled
condition. This result suggests that the variety of the topics in the co-occurrence
networks may stimulate utterance and idea generation of the participants in the
discussions more effectively.

Another reason is assumed to be the effect of task setting. In the experiment,
we set the theme that“Explain the achievements of this faculty that you belong
to. The targets are people who do not know this faculty”. However, this theme
causes that the range of the discussions varies depending on the number of years
of the grade. In addition, the examples of the question items that were expected
to be created by the participants were displayed in the classroom as shown in
Table 1. As a result, since the participants were affected by the examples, most
of the topics of the discussions were classified into the 3 topics of the examples.
The co-occurrence networks are drawn based on the co-occurrence of words.
Therefore, if the topics is broke up, the co-occurrence networks will have fewer
links and will be more easily broke up. In addition, there are many participants
who told about their own life experiences. Therefore, the co-occurrence networks
may have become difficult to be understood by the other groups.

7 Conclusion for the Future

In this paper, we have proposed a system that presents the outlines of discus-
sions of different groups as co-occurrence networks to reflect the activeness of
a discussion. In future, we plan to investigate the detailed relationships among
various factors, the presentation of co-occurrence networks and adaptation of
low relevance in the discussion. In addition, we plan to examine overlap between
the parts of which discussions are active and the parts of which discussions are
highly evaluated.
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Abstract. Wearable devices are ubiquitous technology, which is
attached to the user itself, allowing it to be available in various everyday
life settings. With the growing popularity and increasing affordability of
smart wearables devices, their uses are also growing. Traditionally wear-
ables have been used for health and fitness tracking, but now wearable
are used for various educational purposes as well. Wearable devices can
take the form of daily use accessories like a watch, glasses, clip, necklace,
etc. The abundance of form factors brings the question of what prefer-
ences people have for these form factors and how prior experience shapes
these preferences. In this paper, we explore peoples’ attitudes towards dif-
ferent wearable form factors and their preferences of wearable form fac-
tors in an everyday learning context. We conducted a survey-based study
to find differences between users with and without prior experience with
wearable devices. This study will help designers understand why certain
wearable devices are preferred and the role of prior experience. In the sur-
vey, nine different fictional scenarios of daily life were presented, and par-
ticipants were asked to imagine themselves using a wearable for learning
in those scenarios. Results show a significant relationship between users’
prior device experience and which form factor of wearable device they
prefer to use for learning. Also, participants with prior experience with
fitness trackers rated the social influence of wearable devices significantly
lower compared to participants without wearable experience.

Keywords: Smart wearables · Education · Survey · User attitude ·
Wearable experience

1 Introduction

With technological advancement, smart wearable devices are becoming increas-
ingly embedded in daily lives with more and more features at the same time
becoming more affordable. This technological advancement has also made tech-
nology compact and smaller in size, which had led to the availability of wear-
ables in a variety of form factors ranging from head-mounted devices to smart
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footwear. Health monitoring has been one big area explored for wearable appli-
cations. While smart wearables are commonly used for fitness and health track-
ing [4], they also have untapped potential to support learning processes. Wear-
ables have been explored to support learning in various educational contexts,
but mostly in formal settings like in a lab [9], in a classroom [11], etc. Some
of the past research work shows that wearables have the potential for informal
learning in daily life as well. For example research by Huang et al. explore the
use of wearable technology for piano skill learning [6]. Another paper by Shadiev
et al. explores smartwatch as a tool for language learning and also coupled lan-
guage learning with physical activity [15]. However, exploration in that space
of wearables for informal or everyday learning has so far been exclusively con-
ducted in research contexts. Hence, our work seeks to advance understanding of
the potential of wearable use for learning among general users.

Wearable devices are typically strapped on the body of users and allow the
user to have the devices available constantly to assist in a variety of situations in
daily life. While in formal education the type of wearable to be used is mostly the
decision of the instructor, school administrators, and other school management
stakeholders, for informal learning, it is not the case. The choice of wearable
type for informal everyday learning is solely dependent on users’ preferences.
The choice of users depend primarily on their perception and attitude towards
technology, wearable cost and their experience [8]. This makes the investigation
of people’s attitude towards wearable devices and their preferences for wearable
form factors to support informal learning in daily life an important question.
Exploring differences between users with and without wearable experience will
help designers understand why certain wearable devices are more preferred and
the role of experience in people’s attitudes.

We hypothesize that in the case of informal learning through wearables in
daily life the choice of wearable type is heavily impacted by the person’s prior
experience with existing wearable devices in general. In this paper, we present
our survey-based exploration to understand people’s attitudes towards wear-
able for everyday learning in the context of prior experience. We conducted a
survey-based study with 70 participants with 38 female and 32 male population.
Through our analysis, we found that there is a significant relationship between
the choice of wearable type for learning purposes and prior experience.

In the next section i.e. background, we discuss wearable capabilities and form
factors. Followed by that, in the related work section, we talk about wearable
exploration done in the past for learning purposes. We then state the research
question that we are attempting to answer through this study. In the study
section, we describe the participants, study procedure, and structure of the sur-
vey. Further, we describe the data gathering, filtering and statistical tests used.
Finally, we describe the results and discuss the implication of our findings.
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2 Background

Wearables that are commonly aimed for a specific task like health tracking and
step tracking, now integrating seamlessly into our lives and can be used for more
purposes than we can list. For example, wearable devices are now capable of
biometric authentication, have virtual and augmented reality, allow for quick
payments, have integrated virtual personal assistant, health monitoring through
monitoring body vitals, activity tracking, stress tracking, etc. This became pos-
sible due to increased computational capacity, advanced sensors, and smaller
chips. Apple SE watch is one of the latest smartwatches which has built-in sen-
sors like accelerometer, gyroscope, GPS, Siri, etc. [7]. It has multiple functions
like calling, texting, voice-based interaction, music, podcast, touchscreen, fall
detection, activity tracking, contactless payments, weather forecast, etc. Fur-
ther, these devices are more affordable than ever and are available in a wide
variety of forms. Wearable devices come in multiple form factors, for example,
smartwatch, wristband, smart glasses, smart ring, smart clip, smart necklace,
smart bracelet, smart shoes, smart clothes, etc. These forms are inspired by
the everyday accessory traditionally worn by people, and each form has its own
aesthetic, function, and use requirements. Among all these form factors, a wrist-
worn wearable device is the most popular and commonly used [1]. A possible
reason for this popularity is the early presence in the market and ease of use for
fitness purposes. In our study, we consider five major wearable form factors i.e.
watch/wristband, glasses, clip, necklace, ring. Table 1 lists all the wearable form
factors explored in this study along with a description and an example device.

Table 1. This table describes the five wearable form factors along with examples.

Form factor Description Example

Watch/Wristband A wearable device which is wrapped
around wrist of the wearer

Apple watch SE [7]

Glasses Glasses that are smart and equipped
with technology to play sounds or
even display screen

Snapchat Spectacles 3 [17]

Clip A wearable device that is clipped to
any part of the clothing like clipped
to pocket or to shirt neck

Ditto clip [16]

Necklace A wearable device that is hanging
around neck. It may or may not add
to aesthetics

Bellabeat urban leaf [2]

Ring A wearable device that is shaped
like a ring and can be worn on
fingers

NFC Ring [13]
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3 Related Work

The use of wearables for learning is an emerging area of exploration with a lot
of recent research. Wearables have been explored in the past for insitu science
reflection in daily life [5]. In another paper, researcher explored smart glasses
as a tool for providing a step-wise guide for science experiments in lab set-
tings [11]. Another paper explored the use of smart glasses as an AR tool for
everyday informal learning through supporting information gain in meaning-
ful real-life context [14]. In yet another paper, smart glasses were explored for
distance learning by facilitating live streaming sessions where the instructor can
review students performing the task and provide real-time feedback [18]. Another
researcher investigated the use of google glasses in art galleries for facilitating
learning through a real-time projection of information related to the art being
viewed [10]. Further, Bower and Sturman in his research explored the educa-
tional affordances of wearable devices [3]. This brought into light all the main
ways of using wearable for learning-based activities as reported by the educa-
tors. Through analyzing the perception of educators with a good understanding
of wearables, fourteen educational affordances were found. Some of these edu-
cational affordances of wearable were, providing insitu contextual information,
recording educational events such as class, simulating educational procedures,
communication in an educational context, etc. Clearly, we can see that there is an
established potential of wearable for learning. Wearable explorations in the past,
for understanding users’ attitude, are mainly done in the context of fitness, and
health care [12,21]. Despite this established potential, there is a lack of under-
standing of people’s attitudes towards wearable for everyday learning. Although
many people already have experience of using wearable for the regular purpose
of health and fitness tracking, when the purpose transitions to educational use,
the preferences of form factor may change. With multiple form factors available,
choosing wearable type can be influenced by prior experience. Understanding
how prior experience with wearable shapes users current preferences for educa-
tional use of wearable will provide researchers insights into prior experience as
a factor in general.

4 Research Question

With more and more wearables available in the market, there is a plethora
of options to choose from. Understanding how prior experience with wearable
devices influence the choice of wearable type will guide wearable designers regard-
ing the form of wearable devices meant for education and exploration purposes.

Our research question was as follows: Do people’s attitudes towards
using wearables for learning in everyday life differ if they have actually
used a wearable before as opposed to if they have not?
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5 Study

5.1 Study Design and Structure

We conducted a survey-based study to understand people’s attitudes towards the
use of wearables for everyday learning and to explore the relationship between
prior experience and preference of wearable form factor. The survey consisted
of 4 Major sections. First section aimed at collecting demographic information
of the participants. Then different wearable types were demonstrated through
images and example. These wearable devices were demonstrated through images
in the survey to familiarize participants with wearable form factors and to under-
stand what is referred to in the later part of the survey. In the study protocol,
5 different major wearable form factors namely, smartwatch/wristband, smart
glass, smart ring, smart clip, smart necklace were considered and only these were
demonstrated. Considering that there are variations in terms of style, material,
and look even within these broader categories, participants were demonstrated
at least two variations of each of these form factors. In the next section, par-
ticipants were asked about their prior experience with wearable devices. They
were mainly asked what type of wearable device they owned and for how long.
Further, they were asked open-ended questions about how they would imag-
ine using wearable for learning in their daily lives. In the third section, nine
different fictional scenarios of daily life were presented, and participants were
asked “Without restricting yourself to current functions and abilities of wearable
devices, how can you imagine using the wearable device to support your learning
in this scenario?”; “What specific kind of wearable device do you think is the
most suitable to use for the above scenario?”. Six options were given for partic-
ipants to choose from: smartwatch/wristband, smart glasses, smart clip, smart
ring, smart necklace, and others; and the participants were asked to imagine
themselves using a wearable for learning in those scenarios. ”Without restrict-
ing yourself to current functions and abilities of wearable devices” was added
to enable participants to freely imagine as they have not used wearable in an
educational context before. These scenarios were crafted to portray different set-
tings encountered in daily life. These scenarios were designed to vary in terms
of formality of nature of scenario setting (i.e. scenario was in a formal setup or
informal setup), different social interaction of the user in the setting (i.e. user
is alone, with a person or in a group), level of familiarity with other interacting
entities in the setting (i.e. user is with friends, family or strangers), and the
users’ physical mobility in the scenario (i.e. user is moving or is static). Table 3
shows the categories of all nine fictional scenarios in terms of formality of setting,
interaction, familiarity, mobility. Some of the scenarios are listed in Table 2
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Table 2. This table lists a few sample scenarios from the nine fictional scenarios
presented in the survey.

Scenario ID Scenario description

S3 You are driving home after class or work. Traffic is surprisingly light
today. As you drive, you observe that the asphalt of the road ahead
appears to shine, as if there is water on the road. But you know that
it has not rained recently. You happen to be wearing a wearable
device in your vehicle. Without restricting yourself to current
functions and abilities of wearable devices, how can you imagine
using the wearable device to support your learning in this scenario?

S4 You are at home watching your favorite show on TV. You feel
somewhat chilly and decides that hot tea would be nice. You go to
the kitchen to make hot tea for yourself while the show is on a
commercial break. You want to get back to the living room before
the show starts again. As you put the kettle on the stove, you
wonder how long you have to stay in the kitchen until water starts to
boil. You happen to be wearing a wearable device at home. Without
restricting yourself to current functions and abilities of wearable
devices, how can you imagine using the wearable device to support
your learning in this scenario?

S5 You and your friends are waiting to order food at an authentic Greek
restaurant. The restaurant is really busy and loud. This is your first
time trying Greek food and you see one item on the menu, Saganaki,
that contains shrimp. You love shrimp. But, you are also on a diet
currently. You happen to be wearing a wearable device in the
restaurant. Without restricting yourself to current functions and
abilities of wearable devices, how can you imagine using the wearable
device to support your learning in this scenario?

Table 3. Category variations in all nine fictional scenarios.

Scenario ID Formality Interaction Familiarity Mobility

S1 Not formal With a person Friends On-the-go

S2 Very formal Self in a group Stranger Static

S3 Not formal Self None On-the-go

S4 Not formal Self None Static

S5 Not formal With person in a group Friends Static

S6 Not formal With person in a group Family Static

S7 Somewhat formal Self in a group Stranger Static

S8 Somewhat formal With a person Friend Static

S9 Not formal Self in a group Stranger On-the-go
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In the final section, the UTAUT (Unified theory of acceptance and use of
technology) scale was used with adapted items from [20] to evaluate attitude
towards wearable use for learning in daily life. The questionnaire used a 7 point
likert scale. which are explained below in the context of this paper.

– Performance Expectancy is defined as the degree to which an individual
believes that using the wearable will help him or her to attain gains in
learning.

– Effort Expectancy is defined as the degree of ease associated with the use of
the wearable.
Attitude Toward Using Technology is defined as an individual’s overall affec-
tive reaction to using a wearable to support learning.

– Social Influence is defined as the degree to which an individual perceives that
important others believe he or she should use the wearable.

– Facilitating Conditions are defined as the degree to which an individual
believes that an organizational and technical infrastructure exists to support
the use of the wearable.

– Self-efficacy is defined as the judgment of one’s ability to use a wearable to
support one’s learning.

– Anxiety is defined as the degree to which a wearable evokes anxious or emo-
tional reaction when it comes to using it to support one’s learning.

– Behavioral Intention is defined as one’s intention to use a wearable for learn-
ing in the future.

5.2 Study Participants

The study was approved by our university ethics board and it was conducted
through the crowd-sourcing platform called Amazon Mechanical Turk. All par-
ticipants were compensated through Amazon Mechanical Turk upon completion
and a bonus was given for good quality survey responses. Criteria for good qual-
ity completion (i) if the duration of survey completion was more than 10 min,
(ii) if answers were clearly related to the question, (iii) if the answer is not single
worded, if answers were not duplicated and (iv) if the survey is not duplicated
and submitted more than once. Consent was collected before starting the survey.
Participants were free to withdraw from the study without any consequence. The
survey was estimated to take less than an hour for completion. Participants took
an average of 29 min to complete the survey.

A total of ninety-three completed survey responses were collected. These
collected surveys were further reviewed for quality. Finally, 70 responses were
selected after filtering (filtering criteria are described in the data filtration
section). These 70 participants consisted of 38 female and 32 male. The average
age of the participants was 35.93 years, with a minimum age of 19 years and a
maximum age of 67 years. Out of the 70 participants, 58 were employed, while 12
were students. The study population consisted of 39 White/Caucasian, 17Asian,
5 Black/African American, 4 Hispanic/Latino, 2 American Indian/Alaskan
Native, 2 multiple ethnicities, and 1 did not specify.
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6 Data Analysis

6.1 Data Filtering

Before proceeding with the analysis, data were filtered to remove low-quality
data. All the duplicate survey submissions were removed. Duplication was iden-
tified through submission IP, multiple duplicate responses and duplicate submis-
sion. Surveys fulfilling the following criteria were removed to improve the quality
of response. (i) Surveys that took less than 5 min for completion. (ii) More than 5
repeated responses for open-ended questions. (iii) Multiple duplicated responses.
(iv) Multiple unrelated and random responses.

6.2 Quantitative Data Analysis

All the survey responses were organized into a spreadsheet. All UTAUT question-
naire responses were organized by sub-constructs. For each participant average
score of each sub-construct was used for representing a single score for that
sub-construct. These average scores were used for running the statistical test.
Non-parametric tests were used when data were not normally distributed or in
case of uneven sample size. Participants’ prior wearable experience was deter-
mined by their response to the survey question “Have you ever owned wearable
devices before?”. The “yes” response i.e. participant with prior experience were
coded as 1, and the “no” response i.e. participant without any prior wearable
experience was coded as 0.

In order to examine if choice of wearable type is significantly associated with
prior experience with wearables, a chi-square test of independence was performed.
To further understand how prior experience with a particular wearable type
affects people’s acceptance of wearable devices, participants with prior wear-
able experience were grouped by wearable type they previously owned. There
were 3 groups formed, one having prior ’experience with smartwatches’, another
having prior ’experience with fitness tracker’, and the third having ’experience
with other’ wearable types. The third clubbed group was created due to the
fewer number of participants with experience with other wearable types like
ring, necklace, etc. All these groups were compared with the no prior experience
group. UTAUT scores were calculated again for each participant in each group.
A non-parametric test called the Mann-Whitney U test was conducted due to
the uneven sample size of the groups. This test was conducted to find if par-
ticipants with prior experience with a particular wearable type rated UTAUT
sub-constructs differently than those without prior experience. The significance
threshold for all tests was set at .05.

7 Results

Out of the 70 participants, there were 18 without any wearable experience and
52 with wearable experience. These 52 participants had experience with one or
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multiple wearable types. Among these 52 participants, 8 have owned one type
of wearable device, 23 have owned two wearable devices, 9 have owned three
wearable devices, and 2 have owned more than three wearable devices. Figure 1
shows the distribution of different type of wearable devices owned by people
with prior wearable experience. It was observed that the majority of participants
with prior experience owned either a watch (50 participants) or fitness tracker
(48 participants), as can be seen in Fig. 1. This was expected as smartwatches
and fitness trackers are the most common form factor of a wearable device.

Fig. 1. Tables shows the distribution of different wearable types owned by the par-
ticipants with wearable experience. There were total of 52 participants with wearable
experience

In all the nine fictional scenarios combined, participants chose watch/
wristband, the maximum number of times (56.50% of times) followed by glasses
(27.50% of the times). Figure 2 shows the percentage of times a particular wear-
able type was chosen by the participants. Other in the wearable type means wear-
able type other than the five listed wearable form factors. Participants listed other
wearable type as smart clothing, smart ear buds etc. Further, we compared the
choice of each wearable type by participants’ experience. Figure 3 shows the dis-
tribution of preferences of different wearable types comparing participants with
prior wearable experience with participants without wearable experience for all
the nine fictional scenarios. The figure can be read for example as follows: 61.1%
of the times, participants with prior wearable experience chose watch/wristband
to be used for learning in those nine fictional everyday scenarios.
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Fig. 2. Tables shows the percentage of each wearable form factor chosen across all the
nine scenarios.

Fig. 3. Cross-tabulation from chi-square test of the presence of prior wearable experi-
ence by wearable type

The chi-square test on the combined responses across all the scenarios
shows a significant relationship between the choice of wearable type for learn-
ing and prior wearable experience, as shown in Fig. 4, (X2(1, N = 630) = 19.18,
p < .005). Figure 4 shows the number and percentage of each wearable type
chosen, combined across all nine scenarios within participants with experience
(Exp) and within participant without experience (No Exp). Results from the
Mann-Whitney U test showed that people with prior wearable experience of
fitness tracker scored significantly lower (Mean Rank = 27.63, Med. = 4.44,
N = 42) compared to people with no wearable experience (Mean Rank = 37.19,
Med. = 5.44, N = 18) on the social influence sub-construct. Social influence is
the degree to which an individual perceives that important others believe he/she
should use the new system.
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Fig. 4. Cross-tabulation from chi-square test of the presence of prior wearable experi-
ence by wearable type

8 Discussion

Many of the study participants have either owned or experienced wearable devices.
As expected majority of participants have experience with smartwatches or wrist-
bands. Results showed a significant relationship between choice of wearable type
and prior experience. Experience is one of the primary ways to build the mental
model of the use of any technology. With experience, the mental model of users’
becomes richer in terms of what actions wearables can afford and possible ways
in which they can see themselves using the wearable. Through experience, people
also gain insights into what purpose a wearable can be used. Hence, they build a
base on which they can further imagine what learning purposes a wearable can
be used for. Further, having experienced one type of wearable makes it easier for
people to see themselves using it for yet another purpose. Therefore, experience
tends to significantly affect the choice of wearable type. Further, looking closely
at the cross-tabulation of Chi-square results in Fig. 4, it can be seen that peo-
ple with prior wearable experience tend to have a higher preference for a smart-
watch/wristband 61.1% of the times) to be used to support learning in everyday
scenarios followed by smart glasses (25.2% of the times). Interestingly, for people
with no wearable experience, the choice of wearable form factor is more diverse,
with the distribution being more spread out across the various wearable types.
This shows that prior experience influences the choice for wearables even though
wearables forms are constantly evolving, and specific wearable types may be more
suitable for any one specific learning scenario. Also, the choice of wearable form
factor seems to be guided by experience as the majority of the participants have
experience with watch/wristband and they chose the same form factor. People
with no prior experience, however, tend to be more open in terms of wearable form
factors and may choose to go with the wearable type that seems most suitable for
the everyday learning scenario. While the people with no wearable experience tend
to be open to other wearable types, watch/wristband and glasses still remained
the top choice compared to other forms. Possible reason for this could be the obvi-
ous popularity of watch/wristband due to early presence and glasses due to the
popularity google glass. Another possible reason could be the presence of display
on these two form factors is far higher than other forms.
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Our results show that people with prior experience with fitness trackers rated
social influence as less important than those without experience. In prior liter-
ature, a decrease in the importance of social influence was observed as people
use technology over time ([19] as cited in [20]). This implies that social influence
contribution to people’s attitudes towards wearable devices for learning reduces
with gain in experience with the devices.

9 Study Limitations

We acknowledge that assessing prior experience with wearable as binary variable
is a limitation. Prior experience with a wearable might not mean an equal level
of experience for all participants, as one participant might have used a simple
version of a fitness band with just step count and activity tracking, whereas the
other might have experienced the latest version of a smartwatch with advanced
features like GPS, heart rate monitoring, activity tracking. It might not be a sig-
nificant problem, as the participants were demonstrated various wearable within
the same type to help them think more broadly. Moreover, participants were
asked to imagine using wearable without limiting themselves to the current func-
tions and capabilities of a wearable device.
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Abstract. Artificial Intelligence algorithms’ application to medical data has
gained relevance due to its powerful benefits among different research tasks.
Nevertheless, medical data is heterogeneous and diverse, and these algorithms
need technological support to tackle these data management challenges. The
CARTIER-IA platform enables different roles (including principal researchers,
IA developers and data collectors) to unify medical data, both structured data
and DICOM images, and to apply Artificial Intelligence algorithms to them in a
straightforward way through an online web application. However, given the
diversity of roles involved in the platform, it is essential to account for its
usability. It is necessary that users feel comfortable using the platform as rele-
vant and complex tasks are carried out through its different services (such as the
application of algorithms to the stored data, the manual edition of medical
images or the visualization of structured data). This work presents a heuristic
evaluation of the CARTIER-IA platform to improve its interaction mechanisms
and get the most out of its functionalities.

Keywords: Data management � Structured medical data � Medical imaging �
Health platform � Artificial intelligence � Usability � Heuristics

1 Introduction

Artificial intelligence algorithms are turning into a norm in the investigation of clinical
information for research purposes, given their usefulness in identifying patterns in data
and even images [1]. In fact, the application of deep learning models to medical
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imaging has enabled the automation of complex tasks such as disease detection, seg-
mentation of structures, or assessing organ functions [2] with similar performance
compared to human skill [3].

However, these advances are generally limited to specific tasks and very specific
datasets in which algorithms are trained and validated. That is why applying these
technologies in real-world medical contexts is complex, due to the necessity of uni-
fying several sources of image data (cohorts, machine brands, operators, etc.) without
losing a reliable performance.

For these reasons, information systems are required to organize and gather all these
data from different heterogeneous sources and to apply AI algorithms in a friendly,
secure and anonymized manner.

This study presents a usability study of the CARTIER-IA platform. This platform is
set to unify both structured data and medical images. Researchers and physicians can
inspect data from different projects and also manipulate the images associated with
different studies. The image editor also enables users to apply AI algorithms trans-
parently, unburdening unskilled users of having to implement and run complex algo-
rithms through command-line tools.

However, the complexity of the data collection processes, medical imaging edition
and the great quantities of data that the platform holds, could make it difficult to use for
novice users. That is why a heuristic evaluation of the platform has been carried out; to
identify major and minor HCI issues with the goal of solving them and obtaining a
friendly platform to get the most out of its features.

The rest of this paper is organized as follows. Section 2 outlines the platform and
its main features. Section 3 describes the methodology followed throughout the study.
Section 4 presents the results of the heuristic evaluation, which are discussed in
Sect. 5. Finally, Sect. 6 concludes the work with a summary of the findings.

2 Platform Architecture

Two main tasks are supported by the platform: structured data and image data man-
agement. Different technologies and frameworks have been integrated through a client-
server approach to obtain a web service that allows users to explore medical data and
medical images without the necessity of installing external tools. Structured data and
image data management are accomplished through different features.

The platform is organized into projects, which will have different anonymized
patients. Each patient will have associated data, such as structured data, as well as
image studies. Studies will be composed of sets of files and can also be characterized by
adding more structured data at the study- and file-level.

Inside each projects’ page, a data uploader allows users with enough permissions to
upload both structured data and medical images. Both types of resources are differ-
entiated, yielding two different uploaders. The structured data uploader accepts CSV
and XLSX files containing the data.
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Different tables or sheets can be created to further organize the structured data, and
there are three levels in which data can be uploaded: patient-level, study-level and
resource-level. Data can be explored through a tree-like architecture (Fig. 1) and can be
filtered through the different specific variables created for each level (patient, study and
file).

Another main feature is image visualization and edition. The platform relies on an
image editor in which users can draw, annotate, segmentize, crop, measure, etc.,
medical images (Fig. 2). Users can edit the images they are currently viewing. They
can make annotations and modifications (such as cropping images). To make these
changes permanent, the viewer has a button that sends the modifications to the server,
storing all changes in the database.

Fig. 1. Screenshot of the projects’ navigation
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In this case, annotations, segmentations, measurements, etc. are stores as raw data,
so the image itself is never modified. This approach allows the storage of annotations
from different users or different dates, thus enabling comparisons or even annotations’
version control.

The last main feature of the platform is the integration of Artificial Intelligence
(AI) algorithms. This feature allows researchers to upload their AI scripts into the
platform and make them available to other users transparently.

Once uploaded, algorithms are available at the viewer component. The application
process is straightforward: a button provides information about the available scripts for
the current image and the user only needs to select an algorithm and confirm their
application.

The algorithm’s outcomes can be structured data (which will be saved along with
the current patient’s structured data) or a new image (for example, a segmented image,
which will be displayed along with the original image in the viewer).

3 Methodology

3.1 Participants

According to [4], the optimal number of experts involved in a heuristic evaluation
varies among authors. Nielsen [5] considers that three to five evaluators identify 65–
75% of the usability problems; meanwhile, other authors used eleven experts to
identify 80% of the detectable problems. The review of methods of usability testing in

Fig. 2. Screenshot of the image editor
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the development of eHealth applications [6] identifies that the studies which only used
heuristic methods involve a maximum of five participants.

In this study, we have involved six experts, four single experts and two double
experts. These double experts have expertise in user interface issues as well as the
domain [7], in particular, they have used the CARTIER-IA platform as users before
analyzing it (E2 and E6), the remaining had access for two weeks before completing
the analysis (E1, E3, E4, E5). We looked for equitable distribution so that three men
and three women participated, with ages ranging between 25 to 45 years old.

The experts were selected according to their profiles:

• E1: Web developer and researcher with eleven years of experience working on
developing technological ecosystems for knowledge and learning management.
Furthermore, the expert has experience in teaching human-computer interaction in a
Computer Science degree.

• E2: A Ph.D. student whose doctoral dissertation deals with customizable dash-
boards to analyze and visualize any kind of data.

• E3: Student with experience in human-computer interaction and user experience.
• E4: Developer and researcher with more than ten years of experience focused on

bioinformatics and information visualization, especially integrating different source
data, analysis algorithms and representations for a better understanding of biological
problems.

• E5: Researcher with more than ten years of experience in multimodal human-
computer interaction.

• E6: Clinical Data Scientist and expert in the development of interfaces for the
medical domain.

3.2 Instrumentation

There are numerous heuristics sets, although the most commonly used are the ten
heuristics by Nielsen [5]. Despite there are heuristics specific to health care [8], those
heuristics are mainly related to the evaluation of Electronic Health Records (EHR) [9].
These EHR heuristics include categories related to patients, collaborative team care or
privacy [10]. CARTIER-IA platform is in the health context, but it is mainly focused
on diagnosis and research tasks based on medical data, both structured data and
DICOM images. Moreover, the medical data upload to the platform is anonymized, so
privacy is important but not like in an EHR. Therefore, the selected set of heuristics
was Nielsen’s heuristics [5]:

• HR1: Visibility of system status.
• HR2: Match between system and the real world.
• HR3: User control and freedom.
• HR4: Consistency and standards.
• HR5: Error prevention.
• HR6: Recognition rather than recall.
• HR7: Flexibility and efficiency of use.
• HR8: Aesthetic and minimalist design.
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• HR9: Help users recognize, diagnose, and recover from errors.
• HR10: Help and documentation.

We prepared a simple template and a set of guidelines to support the evaluation
process and the reporting. The template was shared with each expert individually, in
such a way that individual experts could not have access to the evaluation of the others.

The template has three fields to collect the evaluator’s name, the name of the tool
evaluated, and the browser used to access the CARTIER-IA platform. Furthermore, the
template has a table with three columns - heuristic rule, points from 1 to 10, and problems
detected – and one row per problem detected in each heuristic proposed by Nielsen.

3.3 Study Design and Data Collection

The first step was focused on selecting the set of heuristics, as described in the section
above, as well as the desired number and characteristics of the experts. We selected the
experts among our contact network, searching involving experts from different areas,
expertise and non-direct relation with the project. The contact with the experts was
made via email, where they were also provided with a brief contextualization of the
CARTIER-IA platform.

Each expert applied the following indications:

• Navigate through the interface several times, looking at all screens, options, tasks. It
is recommended to navigate at least once through the entire application to get to
know the flow of interaction and what the application offers, and then a second
review where you focus on specific details of the interface.

• Compare each screen/interface element with the ten usability principles proposed by
Nielsen. For each detected problem:

• Give a value from 1 (non-relevant problems) to 10 (serious problems) to each
problem detected.

• Brief description of the problem to justify the associated value.
• Indicate which heuristic is affected.
• The score for each heuristic will be an average of the values assigned to the detected

problems.
• In addition to Nielsen’s heuristics, the evaluator may also consider any additional

usability principles or outcomes relevant to a specific interface element.

4 Heuristic Evaluation

Each expert was identified by a number (E1, E2, E3, E4, E5, E6) to show the heuristic
evaluation results. The number of problems identified by each expert is small, but the
combination of all of them provides an input to improve the CARTIER-IA platform.
Table 1 summarizes the quantitative part of the heuristic evaluation providing by each
expert. In particular, the table shows the average value assigned to the detected
problems in each heuristic. This value is combined with the number of problems
detected. Values near 1 indicate that the expert detected non-relevant problems, and
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values near 10 mean that serious problems were identified. A zero value represents that
the expert did not identify problems in that heuristic.

The total average of each heuristic rule was calculated in order to get a final value
for each heuristic (Fig. 3). However, not only is the severity of the problems important,
but we also wanted to analyze which of the heuristics has the greatest number of
problems to solve (Fig. 4).

Most of the experts identified problems associated with all the heuristics, except E1,
E3 and E5. In particular, those three experts did not detect any problem related to user
control and freedom (HR3); meanwhile the rest of the experts detected few but serious
problems such as:

• The deletion processes cannot be stopped (E2).
• Issues associated with the edition and deletion of the user account (E4).
• No support Undo and Redo of the actions available in the platform (E6).
• Moreover, E5 did not detect problems related to aesthetic and minimalist design

(HR8). Regarding HR8, highlight the issues described by double experts (E2 and
E6):

• On the project’s home page, the way of showing information can be messy, as
several patients-studies-files are shown using a tree-like architecture (Fig. 1). Also,
several data are displayed alongside this structure, which makes the display very
cluttered and difficult to read (E2).

• Clarity and simplicity by showing the relevant information of the clinical study
(E6).

• Simplify the project creation design (E6).

The heuristic that presents the largest number of usability issues was HR4 (Consistency
and standards) with 26 different problems (Fig. 4). Regarding the severity rating, the
average is 6.84 (Fig. 3), most of them have a value over 5 (19 of 26 problems). The
main problems detected are related to the translation of the interface (E1 and E4), the
font size and responsive design (E5), the template download and upload data processes
inside a project (E4), the different styles applied in links, buttons and icons (E2, E3 and
E6), the differences between search or filtering (E3), the project’s actions are located in
different places inside the interface (E2) and the actions available in the DICOM viewer
(E1). It should be noted that only expert E5 has detected problems related to acces-
sibility standards, particularly in terms of the contrast between text and background.

The heuristic with a higher severity rating is help and documentation (HR10). All
experts detected different problems mainly related to the lack of tutorials, legends and
documentation support. Furthermore, there is no contact information to get technical
support when the system breakdown or does not work as the user expects.

The heuristic HR9 (Help users recognize, diagnose, and recover from errors) has
the second higher severity rating (Fig. 3). Experts identified problems related to:

• A reset button in the DICOM editor would be useful if the user wants to recover
from an error or restart the process (E1).

• Sometimes, the DICOM editor’s toolbar is blocked when the user clicks on IA
algorithm or crop the image (E1).
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• Errors information during the deletion and uploading processes are not displayed
(E2, E3, E4, E5, E6).

• Not enough information, no error messages when an action is not permitted (E6).

Table 1. Heuristic evaluation summary by expert. N = number of errors

Heuristic rule E1 E2 E3 E4 E5 E6
avg N avg N avg N avg N avg N avg N

HR1: Visibility of system status 5.75 4 5 4 8.5 2 9 1 3 2 9.75 4
HR2: Match between system and
the real world

6 1 7.5 4 8 1 8.2 5 5 1 8.5 4

HR3: User control and freedom 0 0 8.5 2 0 0 6.33 6 0 0 9.25 4
HR4: Consistency and standards 7.13 8 4.67 3 7.75 4 7 3 5.25 4 9.25 4
HR5: Error prevention 5 1 7.67 3 6 2 10 2 8 1 9 4
HR6: Recognition rather than recall 4.33 3 8 2 7 4 8.5 2 3 1 9 4
HR7: Flexibility and efficiency of
use

4 1 8.5 2 6 1 8.75 4 7 1 9.25 4

HR8: Aesthetic and minimalist
design

2.5 4 6 3 7 3 7 3 0 0 9.5 4

HR9: Help users recognize,
diagnose, and recover from errors

8.67 3 7.67 3 7 2 10 1 7 1 8.5 4

HR10: Help and documentation 9 2 9 2 8 2 9 2 9.5 2 9.25 4

Fig. 3. The final average value for each heuristic rule
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On the other hand, the lowest number of usability problems was detected in HR3,
HR5 and HR7. Regarding error prevention, each expert detected few errors; some of
them are:

• Not enough information to define the password during the registration process (E1).
• The whole upload process involves different tasks that should be done in a specific

order, but all actions are available from the beginning, which can be confusing and
introduce errors. Some actions should not be accessible before performing the
necessary preliminary steps and the process should be guided (E2, E4, E5).

• When select “download only selected data” and no data are selected, empty files are
downloaded and the system does not advise the user he has not selected any data
(E3).

• Users can apply erroneous filters when searching for patients in a project (E3).
• Clearly defined user privileges (E6).

Highlight some problems related to the remaining heuristics with high severity ratings.
The main problems about the visibility of system status (HR1) are:

• The DICOM viewer does not show inside in which project is the image and you can
come back to the project, only navigate through a set of images (E1).

• There is no progress bar indicating the deletion progress, though the process can be
time-consuming when you delete several files (E2 and E6).

• No information about the user privileges and role (E4).

The problems related to matching between the system and the real world (HR2) are
mainly related to the vocabulary used inside the projects. The language used is very

Fig. 4. The total number of detected problems per Nielsen’s heuristic
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technical, such as table names, code reservation, ‘upload’ templates, etc. (E1, E2 and
E4), and medical acronyms (E3 and E6).

Finally, although experts detected several problems related to recognition rather
than recall (HR5), we want to emphasize the patients’ section inside a project because it
is at the bottom of the page and you have to scroll down to see them. According to E4,
a reorganization of this screen will be useful to solve several usability problems.

5 Discussion and Conclusions

The CARTIER-IA platform unifies structure data and medical images, specifically
DICOM images, to support researchers and physicians in the analysis associated with
different studies, with a particular focus on supporting the application of AI algorithms
in images.

The platform has been designed and developed using a user-centered approach,
involving researchers and physicians to define the functionality and the different
interfaces in an iterative process. Moreover, they were the data providers to test the
platform. However, the complexity of the data collection processes, the edition of the
DICOM images and the huge amount of data available in each project, whose can also
include several studies, difficult the use of the platform for those users that are not
directly involved in the design and development of the CARTIER-IA platform.

This study has served to identify the main usability issues to improve the platform
with a particular focus on ensuring that novice users would be able to use it without a
previous training. The group of experts involved in the study combined users with
experience using the platform and users that discover the platform during the heuristic
evaluation process. This approach has made it possible to achieve the study’s main
objective, which was to analyze whether a person joining the system for the first time
can use it.

However, a heuristic evaluation does not ensure identifying all the problems that
affect a real user of the platform. Some studies reveal whether the problems detected by
the usability experts are problems that will affect or be encountered by the actual users
of the system. In some areas, evaluators’ perception in using this method is not con-
sistent with the users’ experience with a system [11]. One of the experts has extensive
knowledge of the platform’s domain to alleviate this problem, though further research
might explore the user experience of the researchers and physicians.

Regarding the results of the evaluation, each expert identified a small number of
usability problems. However, the combination of the results provides relevant infor-
mation to develop a new version of the CARTIER-IA platform to solve the different
identified problems. It would be interesting to assess this new version through a user
testing and a second heuristic evaluation.

Even though the usability issues detected are related to most of the screens and
functionality of the platform, the problems that most affect the use of the platform itself
are those related to the information provided in each project and the DICOM viewer
and editor. Several heuristics affect both issues. In particular, the DICOM viewer and
editor appears in problems detected by three experts (E1, E2 and E6) and associated
with seven heuristics (HR1, HR2, HR4, HR6, HR7, HR9 and HR10). Besides, after
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receiving all the evaluations, we asked the other experts (E3, E4 and E5) about the
image editor and all of them confirm that they did not notice the tool; they did not find
that part of the platform. A reasonable approach to tackle this issue could be a user
experience study with real users only focused on the DICOM viewer and editor.
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Abstract. Student response systems (SRS) are a popular and effec-
tive tool to promote active learning on site, improving student engage-
ment and attention, motivation and learning performance. Traditionally,
SRS are designed for on-site settings. However, the safety measures in
relation to the recent COVID-19 pandemic result in remote teaching at
an unprecedented scale, with online courses becoming the rule. In this
paper, we discuss the utilization of interactive SRS in such remote set-
tings for which they initially were not designed. Over the last term, we
conducted several empirical surveys across different groups of Computer
Science students on undergraduate and postgraduate levels, and cov-
ering a broad age spectrum. The results indicate that, while common
interactive features of videoconferencing tools, such as chat or polls, are
well appreciated, there is still a need for dedicated SRS with game-based
elements and feature sets beyond standard multiple-choice questions.

Keywords: Student response systems · Active learning · Gamification

1 Motivation and Background

Student response systems (SRS) are a popular and effective tool to pro-
mote active learning on site [6], in particular when involving game-based ele-
ments [4,5]. Common benefits reported in literature include boosts in student
engagement and attention, motivation and learning performance. Traditionally,
SRS are designed for on-site settings. As illustrated on the left in Fig. 1, students

Fig. 1. On-site (left) and online (right) application of student response systems.
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use mobile devices (e.g., smartphones, tablets or laptops) to respond to questions
or other activities, while the teacher can display relevant information such as the
aggregated results on the main screen. However, the safety measures in relation
to the recent COVID-19 pandemic result in remote teaching at an unprecedented
scale, with online courses becoming the rule rather than the exception.

In this paper, we discuss the utilization of interactive SRS in such remote
settings for which they initially were not designed. The students and teachers
are geographically separated and interconnected only via network from home or
elsewhere (Fig. 1, right). Both on teacher and student side, the setups potentially
are more heterogeneous and include also desktop machines and other internet-
enabled devices, as well as a varying number of screens and formats. Students
therefore might not be able to see the teacher’s presenter screen, which some
SRS use to show the questions in their entirety, leaving their own screen for
answer selection only. Teachers might also run into issues managing the different
tabs related to an SRS without a dedicated projection screen. Finally, the screen
sharing feature of the chosen videoconferencing tool must allow for a fine-grained
sharing of specific windows, to prevent inadvertently revealing any information
related to the correct answers while playing. We highlight the experiences when
employing established tools in different situations and look into how they relate
to features available in common videoconferencing software.

Over the last term, we conducted several empirical surveys across different
groups of Computer Science students on undergraduate and postgraduate lev-
els, and covering a broad age spectrum. In all courses, the student response
framework Yactul [2] was employed alongside other interactive tools in order to
explore the following research questions:

∗ How is the acceptance of SRS in remote/online vs. on-site settings that were
initially targeted?

∗ What are the differences when deploying SRS remotely? Are there any tech-
nical issues?

∗ Do remote options such as companion apps for asynchronous revision gain in
popularity?

∗ How do existing interactive features of videoconferencing systems integrate?
∗ Which supporting technologies are deemed useful by students and teachers?

The results indicate that, while common interactive features of videoconferencing
tools, such as chat or polls, are well appreciated, there is still a need for dedicated
SRS with game-based elements and feature sets beyond standard multiple-choice
questions. Videoconferencing tools are traditionally developed with business use
cases in mind; consequently, they lack a series of important elements offered
by game-based SRS, such as playful user interfaces, competition and rewards.
We conclude the paper with a series of recommendations and best practices for
the successful application of existing SRS and complementary tools in remote
teaching scenarios. Finally, we also would like to start a discussion on which fea-
tures the next generation of game-based SRS necessitates to better accommodate
changing requirements and unforeseen circumstances.
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2 Yactul

Yactul [2] is a game-based student response system (GSRS), developed at the
University of Luxembourg. It enables formative assessment both in the class-
room and at home. Based on a modular, decentralized architecture, it allows for
an extensible set of activity types, fulfilling the needs of different study domains.
Apart from traditional multiple choice questions, where either a single or multi-
ple answers may be correct, Yactul also provides Focus activities, in which the
different answers are shown consecutively for a given amount of time and the
user has to hit the button when the deemed correct alternative is shown. Fur-
thermore, Point-and-click activities require the user to pinpoint the location of a
given element within an image. This can be particularly interesting in geography
or anatomy classes. Finally, Building pairs activities are achieved by correctly
matching elements from one column with those in a second one. The hetero-
geneity within quizzes composed of different activity types can provide a certain
variation to students to avoid a wearout effect [5]. Activities in Yactul can be
annotated with semantic concepts from established knowledge bases, such as
DBpedia1, in order to identify the topics addressed in a question which, in turn,
facilitates the filtering of the activity set. Further advantages of this semantic
annotation are discussed in Sect. 2.2.

2.1 Web Platform

The Yactul web platform has been used primarily in a classroom context, and
more recently in remote teaching due to the COVID-19 pandemic. Similar to
other GSRS, students can participate in a quiz session by logging in with a PIN
code and a nickname. The projector view, shown in Fig. 2a, typically presented on
the screen of the lecture hall and nowadays shared through a videoconferencing
tool, shows the current question, the possible answers and the remaining time.
After all students have submitted their answer or the time has expired, this view
shows the solutions and overall class performance, as well as the current leader-
board. Unlike, for instance, in the popular GSRS Kahoot! 2, the students can see
both the question and the answer options on their device, avoiding an unneces-
sary increase in extraneous cognitive load caused by the split-attention effect [1].
Apart from the projector view, teachers mainly interact with the administration
view. As shown in Fig. 2b, a timeline known from media editing software allows
for adding, reordering and setting the duration of the questions to be played in
a quiz. Contrary to many popular GSRS, Yactul enables teachers to perform
ad-hoc changes of a running quiz, such as to add or skip questions, or to give
more time to the currently played activity. As teachers are provided with two
different views, a dual screen setup would be ideal, showing the administration
view on one screen, and the projector view together with the videoconferencing
tool on the other.

1 https://wiki.dbpedia.org.
2 https://kahoot.com.

https://wiki.dbpedia.org
https://kahoot.com
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(a) Projector view.

(b) Administration view.

Fig. 2. Yactul web platform.

2.2 Mobile App

The Yactul mobile app, available on both iOS and Android, enables a continuous
learning experience, from the classroom to the students’ private study environ-
ment. It is optimized for offline usage, which is particularly useful when students
are abroad without a data plan, or travelling on a plane without in-flight WiFi.
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In addition to a sequential mode, in which activities are played in the same order
as the quizzes in class, the coaching mode allows to keep track of the individual
player’s performance. Based on the record of activities played on the device,
a spaced repetition algorithm proposes and repeats questions in a frequency
according to the answer performance in the past. As shown in Fig. 3a, a color
scheme serves as a visual cue for users to understand how well activities related
to a given concept have been answered in the past, and hence which concepts
require further attention. In addition, the semantic annotation of Yactul activ-
ities enables the retrieval of related learning material (Fig. 3c), which can be
helpful when a student is struggling with an activity or the underlying concepts.
The Yactul mobile app constitutes a personalized learning assistant, which, along
with the Yactul web platform, has been considered useful in a previous study [3].

(a) Coaching mode. (b) Activity. (c) Related material.

Fig. 3. Yactul mobile app.

3 Evaluation

Over the last term, we conducted several empirical surveys across different
groups of Computer Science students on undergraduate and postgraduate levels,
including more senior students in a continued professional education program.
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Our regular students are usually aged between 18 and 25, while students in con-
tinued professional education cover a broader age spectrum anywhere between
25 to 55 years. In all seven courses that were part of the study, the student
response framework Yactul [2] was employed alongside other interactive tools.
These include the polling and chat functions of the Webex3 videoconferencing
software, as well as digital whiteboard software to integrate and transmit live
sketches from tablet devices.

In addition to transmitting their camera audio/video feeds, teachers are gen-
erally sharing their screen during the courses to show slides, share sketches and
diagrams, or edit and run code examples. When using Yactul, the projector view
(Fig. 2a) that would normally be shown using a projector on site is shared with
the students, while the teacher also needs to be able to interact with the admin-
istration view (Fig. 2b) displayed in another browser tab. As tab-specific sharing
is not available in most videoconferencing tools, a dual-screen setup on teacher
side is recommendable for this to work seemlessly, sharing the browser window
containing the projector view on one screen, while retaining another browser
window with the administration view and controls on the other screen.

3.1 Survey Design

To assess the applicability and acceptance of SRS in remote/online versus the
initially targeted on-site settings, the survey contains three major sections focus-
ing on (a) live quizzes in online classes, (b) offline quizzes in the dedicated Yac-
tul app, and (c) other interactive tools. For eleven out of the twelve questions
in total, the answers follow a 5-point Likert scale to capture agreement respec-
tively frequency. The final question is an open question so as to capture specific
feedback regarding the use of other tools in free-form text. Section A of the
appendix contains the questionnaire in its entirety.

3.2 Results

This section discusses the aggregated survey results across all seven courses, as
well as potential deviations when comparing, e.g., junior with senior student
responses, or practical with theoretical courses. Table 1 in the appendix contains
the raw data for the different courses and categories.

The first part of the survey focuses on playing live quizzes in online classes
and comprises four questions inquiring about their perceived usefulness, enter-
tainment value, trouble-free implementation and desired frequency. As shown
in Fig. 4, the results here are overwhelmingly positive, with close to 90% of
the students considering playing such quizzes both useful and entertaining (cf.
Questions 1 and 2) while two thirds did not find the online mode to be more
problematic than playing on site (cf. Question 3). Nearly all students expressed
their desire to play live quizzes on a regular basis also remotely (cf. Question 4).

3 https://www.webex.com.

https://www.webex.com
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5%

6%

66%

89%

88%

5%

6%

6%

29%

1. Playing Yactul quizzes in online classes is
useful.

2. Playing Yactul quizzes in online classes is
fun.

3. Playing Yactul quizzes in online classes is
problematic compared to playing in on-site

classes.

100 50 0 50 100
Percentage

Response Strongly disagree Disagree Neither agree nor disagree Agree

1% 74%26%4. How frequently would you like to play Yactul
quizzes in online classes?

100 50 0 50 100
Percentage

Response Never Rarely Sometimes Often Always

Strongly agree

Fig. 4. Aggregated results, questions on live quizzes in online classes.

The results for the second part of the survey, which focuses on the possibility
to play offline quizzes in the dedicated companion app, are shown in Fig. 5. Also
in this context, the two initial questions inquire about the perceived usefulness
and entertainment value, while the third question focuses on the actual frequency
of the students playing quizzes within the mobile app. Again, the results are
mostly positive (cf. Questions 5 and 6), however, the companion app is used
regularly only by slightly more than half of the students (cf. Question 7).

2%

6%

77%

68%

21%

26%

5. Playing quizzes in the Yactul app is useful
for my learning progress.

6. Playing quizzes in the Yactul app is fun.

100 50 0 50 100
Percentage

Response Strongly disagree Disagree Neither agree nor disagree Agree

43% 19%37%7. How frequently do you play quizzes in the
Yactul app?

100 50 0 50 100
Percentage

Response Never Rarely Sometimes Often Always

Strongly agree

Fig. 5. Aggregated results, questions on offline quizzes in the Yactul app.

Finally, the results related to further interactive tools that are commonly
employed alongside dedicated SRS/GSRS in remote teaching are summarized
in Fig. 6. The first two questions inquire about chat and polling features which
are commonly integrated into videoconferencing software (cf. Questions 8 and
9), while the next question assesses how helpful digital whiteboard software for
integrating and transmitting live sketches and diagrams is (cf. Question 10). The
final Likert-scale question is specific to Computer Science courses and explores
how well the use of code examples is received by the students (cf. Question 11).
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35%

31%

1%

9%

35%

28%

79%

88%

30%

41%

20%

4%11. Live code examples are helpful in online
classes.

10. The use of a digital whiteboard is a helpful
feature in online classes.

9. Polls in Webex are sufficient for assessing my
knowledge in online classes.

8. The Webex text chat is sufficient for
interacting in online classes.

100 50 0 50 100
Percentage

Response Strongly disagree Disagree Neither agree nor disagree Agree Strongly agree

Fig. 6. Aggregated results, questions on other interactive tools.

The added value and helpfulness of both employing live code examples and dig-
ital whiteboard software becomes evident in the downright positive response of
the vast majority of the students. The response to the standard chat and polling
features draws a more diffuse picture, with half of the students deeming them
sufficient in online classes while the other half does not. The open question (cf.
Question 12) only points to some alternative videoconferencing or whiteboard
software. Together with the generally positive assessment in the first part of the
survey, this is a clear indicator that there is still a need for dedicated SRS with
game-based elements and feature sets beyond standard multiple-choice questions.

As per Mann-Whitney U test, we could not detect a statistically significant
difference in opinion between junior and senior students, or between practical
and theoretical courses. The results therefore are representative across the entire
student body and independent of the practical orientation of the various courses.

4 Conclusion

The safety measures in relation to the recent COVID-19 pandemic result in
remote teaching at an unprecedented scale, with online courses becoming the
rule. Many useful tools, such as SRS have been designed with on-site settings in
mind, and there is little experiential knowledge and data on how well they can
be applied in this context.

The empirical study we conducted over the last term across different gradu-
ate and postgraduate Computer Science courses fills this gap and provides useful
insights on the deployment of such tools. The results indicate that the interactive
elements of existing videoconferencing software do not fully cover educational
requirements, and that there is still a need for dedicated game-based SRS with
extended feature sets. To successfully apply existing SRS/GSRS and comple-
mentary tools in remote teaching scenarios, currently the technical equipment
remains the most critical element for students and teachers alike. From a teach-
ers’ point of view, multiple screens are essential to be able to handle the different
software and associated views while presenting only the relevant information to
the students. An integration of the necessary controls and administrative tools
into the videoconferencing software could significantly reduce the need for screen
real estate. Conversely, such integration would also reduce the need for multiple
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devices or windows/screens on the side of the students; the GSRS would simply
come as part of the videoconferencing software.

Some major collaboration and videoconferencing software manufacturers
already acknowledge and accommodate this by opening their tools for integra-
tion. Microsoft Teams, for instance, allows for custom apps to be integrated in the
meeting experience, similar to Office Add-ins4. We are therefore in the process
of integrating our own GSRS Yactul into available platforms as we believe that
there is a long-lasting need for dedicated, yet flexible remote teaching solutions.

Appendix

A. Questionnaire

Live Quizzes in Online Classes

1. Playing Yactul quizzes in online classes is useful.

© Strongly disagree
© Disagree
© Neither agree nor disagree
© Agree
© Strongly Agree

2. Playing Yactul quizzes in online classes is fun.

© Strongly disagree
© Disagree
© Neither agree nor disagree
© Agree
© Strongly Agree

3. Playing Yactul quizzes in online classes is problematic compared to
playing in on-site classes.

© Strongly disagree
© Disagree
© Neither agree nor disagree
© Agree
© Strongly Agree

4. How frequently would you like to play Yactul quizzes in online
classes?

© Never
© Rarely

4 https://docs.microsoft.com/en-us/microsoftteams/platform/apps-in-teams-meeting
s/create-apps-for-teams-meetings.

https://docs.microsoft.com/en-us/microsoftteams/platform/apps-in-teams-meetings/create-apps-for-teams-meetings
https://docs.microsoft.com/en-us/microsoftteams/platform/apps-in-teams-meetings/create-apps-for-teams-meetings
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© Sometimes
© Often
© Always

Offline Quizzes in the Yactul App

5. Playing quizzes in the Yactul app is useful for my learning progress.

© Strongly disagree
© Disagree
© Neither agree nor disagree
© Agree
© Strongly Agree

6. Playing quizzes in the Yactul app is fun.

© Strongly disagree
© Disagree
© Neither agree nor disagree
© Agree
© Strongly Agree

7. How frequently do you play quizzes in the Yactul app?

© Never
© Rarely
© Sometimes
© Often
© Always

Other Interactive Tools

8. The Webex text chat is sufficient for interacting in online classes.

© Strongly disagree
© Disagree
© Neither agree nor disagree
© Agree
© Strongly Agree

9. Polls in Webex are sufficient for assessing my knowledge in online
classes

© Strongly disagree
© Disagree
© Neither agree nor disagree
© Agree
© Strongly Agree
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10. The use of a digital whiteboard is a helpful feature in online classes

© Strongly disagree
© Disagree
© Neither agree nor disagree
© Agree
© Strongly Agree

11. Live code examples are helpful in online classes

© Strongly disagree
© Disagree
© Neither agree nor disagree
© Agree
© Strongly Agree

12. What additional tools would you like to use in online classes?
Open Question.

B. Data

Table 1. Survey results; the different courses are anonymized and numbered C1
through C7, with s indicating senior students attending and p indicating practical
orientation of the respective course.

Courses

Question Answer C1 C2 C3 C4p C5p C6ps C7ps

1 Strongly disagree 3 0 1 0 1 0 0

Disagree 0 0 0 1 0 0 0

Neither agree nor
disagree

4 1 0 1 0 1 0

Agree 12 19 3 12 2 6 5

Strongly Agree 11 10 7 7 4 6 1

No Answer 1 1 1 8 0 2 0

2 Strongly disagree 3 0 1 1 0 0 0

Disagree 1 1 0 0 0 0 0

Neither agree nor
disagree

2 2 1 0 1 1 0

Agree 13 10 3 13 1 9 4

(continued)
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Table 1. (continued)

Courses

Question Answer C1 C2 C3 C4p C5p C6ps C7ps

Strongly Agree 10 16 5 7 5 3 2

No Answer 2 2 2 8 0 2 0

3 Strongly disagree 6 13 6 3 5 0 2

Disagree 12 8 3 6 2 4 4

Neither agree nor
disagree

9 5 2 10 0 7 0

Agree 1 2 0 1 0 1 0

Strongly Agree 0 0 0 1 0 0 0

No Answer 3 3 1 8 0 3 0

4 Never 0 0 0 1 0 0 0

Rarely 0 0 0 0 0 0 0

Sometimes 6 7 1 5 2 5 3

Often 9 12 6 9 1 4 3

Always 14 9 4 5 4 3 0

No Answer 2 3 1 9 0 3 0

5 Strongly disagree 0 0 0 0 0 0 0

Disagree 2 0 0 0 0 0 0

Neither agree nor
disagree

4 11 2 5 0 1 0

Agree 16 9 4 12 4 8 5

Strongly Agree 7 7 4 3 2 4 1

No Answer 2 4 2 9 1 2 0

6 Strongly disagree 1 1 1 1 0 0 0

Disagree 2 0 0 0 0 0 0

Neither agree nor
disagree

6 10 3 6 2 2 0

Agree 14 12 3 10 1 10 6

Strongly Agree 6 4 2 3 3 1 0

No Answer 2 4 3 9 1 2 0

(continued)
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Table 1. (continued)

Courses

Question Answer C1 C2 C3 C4p C5p C6ps C7ps

7 Never 7 8 1 4 2 1 1

Rarely 6 6 3 5 1 3 1

Sometimes 9 9 3 9 3 6 2

Often 4 5 3 1 0 2 1

Always 3 0 0 1 0 1 1

No Answer 2 3 2 9 1 2 0

8 Strongly disagree 1 7 0 3 0 0 0

Disagree 0 12 3 5 3 4 1

Neither agree nor
disagree

11 5 1 10 1 4 2

Agree 14 3 5 2 2 4 2

Strongly Agree 3 1 1 0 0 1 1

No Answer 2 3 2 9 1 2 0

9 Strongly disagree 1 6 0 2 0 0 0

Disagree 5 8 2 6 1 2 2

Neither agree nor
disagree

9 10 5 8 4 8 2

Agree 13 3 2 4 1 3 1

Strongly Agree 1 1 1 0 0 0 1

No Answer 2 3 2 9 1 2 0

10 Strongly disagree 0 0 0 0 0 0 0

Disagree 0 0 0 1 0 0 0

Neither agree nor
disagree

4 5 2 5 3 2 1

Agree 10 20 3 12 3 9 2

Strongly Agree 15 3 5 2 0 1 3

No Answer 2 3 2 9 1 3 0

11 Strongly disagree 1 1 1 1 1 0 0

Disagree 4 0 0 0 0 0 0

Neither agree nor
disagree

1 1 0 2 0 0 0

(continued)
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Table 1. (continued)

Courses

Question Answer C1 C2 C3 C4p C5p C6ps C7ps

Agree 12 8 3 6 0 9 3

Strongly Agree 11 17 6 11 5 4 3

No Answer 2 4 2 9 1 2 0

12 Discord 0 5 0 0 0 0 0

Miro 0 0 0 0 0 1 1

Invalid 31 26 12 29 7 15 6
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Abstract. This paper is based on pre-experimental research that assessed the
impact of E-Learning and M-Learning technological intervention to promote
mathematical skills learning. The sample consisted of 16 students between 11 and
12 years old (Mage = 11.94, SD = .25). They received an educational technology
program for 6 sessions. Pre and posttest measurements were performed to assess
direct proportionality knowledge and ability to solve problems with 2 artifacts
respectively. The results showed statistically significant differences between the
pre and posttest (knowledge t (15) = −7.20, p = <. 001, d = .88 and ability to
solve problems t (15) = −6.75, p = < .001, d = .87). Consequently, it is high-
lighted the improvement that the learning process based on E-learning and M-
learning has in the learning process of mathematics, as evidenced after the inter-
vention ended. The data is discussed around the need to incorporate this type of
technological tools in the learning of calculation skills and previous research.

Keywords: E-learning � M-learning � VLE � ICT

1 Introduction

The technological revolution has changed humanity in all its spheres. Cultural pro-
cesses have gradually taken turns not only in the forms of production, representation,
and diffusion of knowledge but also in how to access it. Each society has had to update
its teaching models, although this transition has not developed at the same rate as
technological progress [1, 2].

Situations currently experienced in the world have abruptly forced several countries
to rethink the approach of their educational systems to move to a pedagogical model of
teaching based on information and communication technologies (ICT), developed in
virtual learning environments (VLE) and giving way to e-learning and m-learning
education, with all the resources, possibilities and tools that technology offers today [3].

The teaching and learning of mathematics have always represented a challenge for
the educational community [4] resulting in extensive research in innovative ways of
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teaching mathematics with the support of the technology. Borba et al. [1] mapped
research focused on digital technology and mathematics education, where the use of
mobile technology and virtual environments are considered effective devices to gen-
erate significant learning. Also, positive results such as motivation improvement,
commitment, and access to technological learning environments have been found when
technology is used in virtual learning [5–7].

In this sense, this research shows a longitudinal pre-experimental investigation that
developed a technological intervention program based on e-learning and m-learning to
improve the learning process of mathematics in primary school students.

2 Benefits of E-Learning and M-Learning in Education

2.1 E-Learning Benefits

E-learning or electronic learning arises as a direct result of the integration of technology
into the educational field, including the implementation of a wide range of multimedia
tools such as the internet, interactive television and web pages, dynamic platforms and
all forms of electronic support, which favors the learning of mathematics, making it
flexible and much friendlier for students [8, 9].

As mentioned by Corbett and Spinello, the difference that e-learning offers in
relation to conventional education is that the process of construction and assimilation of
knowledge takes place in a virtual environment where the advantages offered by web
2.0 allows the creation of online learning communities [10]. Within connectivism,
learning occurs when peers are connected and share opinions, points of view, and ideas
through a collaborative process [11]. Due to the popularity of this type of teaching, its
implementation has improved, more and better resources have appeared to potentiate
VLEs reaching not only conventional desktop computers but also mobile devices such
as smartphones, tablets, among others, leading to the appearance of m-learning.

2.2 M-Learning Benefits

As mentioned, the application of the web 2.0 to electronic learning allows visualizing
new forms of teaching and learning [12]. Part of these possibilities is m-learning, which
through the use of mobile devices, allows access to information on different topics and
areas of mathematical knowledge, science, language, among others. Additionally,
software applications (APPs) allow the teacher to implement different types of activities
in innovative ways. Thus, M-learning facilitates the pedagogical process, as students
can access a wide range of contents and activities without time, or geographic location
limitations [5,13].

The effectiveness of this type of teaching generates great benefits in student
learning. For example, in research done by Ramadiani et al. [14], the results showed a
positive correlation between the use of smartphones and the quality of learning.
Therefore, understanding new academic concepts and improving study habits will be
eased by understanding the functioning of VLEs [6, 15].
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2.3 The Adaptation of the VLE for an Adequate Virtual Learning
Process

Despite the wide range of resources offered by ICT and web 2.0, virtual learning
environments, and their platforms, such as Moodle (Modular Object-Oriented Dynamic
Learning Environment) and others, in many cases are used as simple documents
repositories. This highlights the need of an adequate adaptation and reasonable orga-
nization of learning resources within the VLEs, that can allow the generation of a
correctly addressed learning route supported by an appropriate teaching methodology
for this type of environment, allowing the e-student to meet their learning objective
[16–18].

To attain the benefits of the use of technology in education, it is essential that
teachers are training in virtual classroom management for those who foray into this
teaching methodology, so they can easily coordinate virtual instruction through com-
puters. The successful implementation of e-learning and m-learning depends on the
effective preparation of the people in charge of these working environments, otherwise,
the learning outcome would not be favorable for students [19, 20].

Therefore, the research question that arises is, what effects are obtained in the
teaching and learning process of mathematics, when applying a technological inter-
vention of E-learning and M-learning in the primary educational context.

3 Hypothesis

H1. Students under the e-learning and m-learning technological intervention will show
improvements in the learning of concepts on direct proportionality when comparing
their performance before and after the intervention.

H2. Students under the e-learning and M-learning technological intervention will
show improvements in their mathematical skills to solve problems about direct pro-
portionality before and after the intervention.

4 Methodology

4.1 Participants

The group consisted of 16 participants between 11 and 12 years of age (Mage = 11.94,
SD = .25), 6 (37.5%) were women and 10 (62.5%) men. In all cases, the ethical
standards for research with humans were complied with, the voluntary participation
was respected and the physical and mental integrity of all the participants was safe-
guarded in each phase of the study.

4.2 Artifacts

Two artifacts were built to perform pre and posttest evaluations. The first artifact
assessed the direct proportionality knowledge and the second one the direct propor-
tionality problem-solving.
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4.3 Intervention Protocol

An E-Learning and M-Learning intervention program was developed in favor of
learning mathematics on direct proportionality, focused on improving the mastery level
of knowledge and the ability to solve mathematical problems on the topic raised. The
intervention was applied for 6 work sessions, where the E-Learning and M-learning
strategies were applied: (a) virtual class, (b) video quiz, (c) serious games, (d) Quizizz
questionnaires, and (e) Flashcards (see Fig. 1).

4.4 Procedure

It is important to highlight that this research was approved by the Ethical Committee of
Investigation with human beings of the University Indoamerica of Ecuador.

Participant’s representatives were asked to sign the informed consent of voluntary
participation, the consent was signed and granted by all parents without any exception
Throughout this research ethical standards of investigation with human beings were
followed, protecting participants’ physical and psychological integrity at all times.

Once the respective authorizations were obtained, the procedure was done. Finally,
the databases were completed and the respective analyzes were performed.

Fig. 1. E-Learning and M-learning program: a) virtual class, b) video quizz, c) serious game, d)
QUIZIZZ questionnaires and e) flash cards.
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4.5 Data Analysis Plan

Statistical measures of central tendency and dispersion were used to characterize the
sample. To check the hypotheses, the Student’s t statistic was applied to make a
comparison between the pre and posttest. Also, Cohen’s d statistic was applied to
calculate the effect size of the comparisons. All analyzes were performed in the SPSS
statistical package version 25.

5 Results

5.1 First Hypothesis in Favor of Knowledge Difference

Table 1 shows the descriptive values found in the artifact that quantified the knowledge
of direct proportionality in the pre and posttest.

Subsequently, to analyze the first hypothesis, the Student’s t-test was applied, in
which a statistically significant difference and a large effect size were found between
the pre and posttest measurements, which provided empirical evidence in favor of the
first hypothesis (see Table 2).

5.2 Second Hypothesis in Favor of Problem-Solving

Table 3 shows the results found in the assessments performed at the pre and posttest
level in the artifact that evaluates problem-solving.

Table 1. Knowledge pre and posttest descriptive measurement

Paired sample statistics
M N SD SM

Knowledge pretest
Knowledge posttest

1.75
4.50

16
16

1.07
.82

.27

.20

M: median, SD: standard deviation, SM:
median standard error.

Table 2. Knowledge pre and posttest median comparison

Paired difference

95% CI
M SD SM L H t df P d

Pretest vs. posttest −2.5 1.53 .38 −3.56 −1.94 −7.20 15 < .001 .88

M: median, SD: standard deviation, SM: median standard error, CI: confidence
interval, L: low, H: high, t: comparison value, df: degrees of freedom, p: p-value,
d: effect size.
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In the statistical analysis done to analyze compliance with the second research
hypothesis, it was found that there are statistically significant differences and a large
effect size between the pre and posttest comparisons, which provides empirical evi-
dence in favor of the second research hypothesis. Table 4 shows the comparison made.

5.3 Discussion

This research shows the results of a pre-experimental investigation that aimed to
analyze the impact of an E-learning and M-learning intervention program in favor of
learning mathematical concepts about direct proportionality and the problem-solving
ability of this mathematical skill.

To obtain the data, two artifacts were applied in the pre-test, the first measured the
understanding of mathematical concepts, and the second the ability to solve problems.
Subsequently, the intervention was applied in work sessions with students, using vir-
tual classes, serious games, video quiz, among other E-learning and M-learning
activities. Once the intervention was completed, the post-test was performed, where the
same skills as the pre-test were measured.

The first hypothesis proposed that the students under the E-learning and M-learning
technological intervention will show improvements in learning concepts on direct
proportionality when comparing their performance before and after the intervention.
When comparing the results obtained between the pre and posttest, a statistically
significant difference was found. The initial measurement of the group was 1.75 on
average and in the final measurement, it increased to 4.50. This provides evidence that
the use of e-learning and M-learning improves mathematical knowledge concepts such
as direct proportionality.

The second hypothesis stated that the students under the e-learning and M-learning
technological intervention will show improvements in their mathematical skills to solve
problems about direct proportionality before and after the intervention. The comparison
between the pre and posttest results showed a statistically significant increase. The

Table 3. Problem solving pre and posttest descriptive measurement.

Paired sample statistics
M N SD SM

Problem solving pretest
Problem solving posttest

1.88
4.25

16
16

.89

.93
.22
.23

M: median, SD: standard deviation, SM: median
standard error.

Table 4. Problem solving pre and posttest median comparison.

Paired difference

95% CI
M SD SM L H t df P d

Pretest vs. posttest −2.38 1.41 .35 −3.13 −1.62 −6.75 15 < .001 .87
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initial measurement of the group was 1.88 on average and in the posttest, the result rose
to 4.25, which allows us to affirm that the use of e-learning and M-learning improves
the ability to solve mathematical problems in primary school students.

The results of this research are similar to studies such as those of Malik et al.
[21–23]who affirm that the use of technological applications improves the under-
standing of concepts and enrich student learning. Furthermore, they point out that
M-leaning based on smart mobile devices is compatible with the problem-based
learning pedagogy the results are obtained beneficial for learning, as supported by the
results of this research [24].

The limitations of this study lie in the lack of a control group to contrast the results
obtained by the students under the intervention, as this could have enriched the data
presented. However, this factor becomes a motivation for future studies with techno-
logical applications in favor of learning mathematics, including control groups and also
increasing the sample size.

Declaration of Conflict of Interest. On behalf of all authors, the corresponding author states
that there is no conflict of interest.
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Abstract. The current pandemic presents additional challenges for under-
graduate teaching. This is especially true within the clinical years of a medical
school where teaching delivery is provided by transient teaching staff with
predominantly clinical commitments.
Previous work considered the use of an on-line quiz primer to support a

flipped classroom approach for encouraging active learning amongst third year
undergraduate medical students in lung pathology sessions. Student engagement
improved in the face-to-face sessions (more students asking questions and the
quality of question improving). However, the final session was delivered online
(due to the pandemic) and student engagement declined (no student spoke using
a microphone, shared screen or used the chat).
The present paper includes details of the final (online) session of 2019–2020

and describes and evaluates both the planned developments for 2020–2021
(additional questions, diagrams within questions and automatic descriptive
feedback) and the changes made in response to the continuing pandemic. The
aim was to ask: can further developments of the quiz primer improve the
engagement of students in a completely on-line delivery?
Data was collected via a student perception questionnaire and participant

observation. There was a definite improvement in engagement for this year’s
online sessions compared to last year’s online session, but this is still below that
of last year’s face-to-face (pre-pandemic) sessions. The issue of a steep tech-
nological learning curve for teaching staff is particularly relevant to transient
users. Therefore additional functionality and usability enhancements are
required within videoconferencing systems to align with specific teaching needs.

Keywords: Pathology education � Flipped classroom � Interface design � User
requirements � Zoom videoconferencing
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1 Introduction

1.1 COVID-19 Pandemic

In many parts of the world, the COVID-19 pandemic has caused face-to-face teaching
to cease and be replaced with exclusively online delivery. Within the academic world
this has driven an increase in interest around online delivery. In particular, interest has
grown in video conferencing technology (such as Zoom and MS Teams), which is
being used to support both remote education and home working (well beyond the
original intended application domain that it was designed for).

Zoom video conferencing technology was the most prevalent, mentioned prior to
[1, 10] and increasingly since the start of the current COVID-19 pandemic [5, 6, 8, 9,
11]. This technology has been used for both delivery and assessment. The use of
various facilities were reported: such as chat, screen-share, and breakout rooms. With
several papers describing students working in groups during sessions. One study
showed no significant difference in assessment grades delivered face-to-face versus
Zoom [11]. The use of pre-recorded primer material is also described [12]. Technical
issues are reported, such as participants being disconnection from Zoom, and difficulty
allocating desired students to breakout rooms.

Security concerns around the use of video conferencing technology have been
reported [7]. In particular, ‘Zoom bombing’ has been recorded, where uninvited par-
ticipants join and typically engage in disruptive, abusive and/or offensive behaviour,
that often results in the session being abandoned.

Several authors reported a reluctance amongst students to engage online [8, 11],
with some describing a ‘painful silence’ occurring within Zoom sessions [6]. Students
seem particularly uncomfortable sharing screens, sharing video, or speaking using their
microphone, but more are inclined to post messages using chat [11], instant messaging
and forum facilities. The Slack business communication platform was mentioned as
providing additional chat functionality compared to that embedded within Zoom [8].

Kay and Pasarica (2019) showed that using low effort (single click) facilities, such
as reactions (raised hand and thumbs up) could have a positive impact on students
engagement [5].

There has been some interest in the role of student to student interactions in
enhancing engagement [3, 5] and the ease with which this can be encourage depending
on which technology is used [8]. In particular, the more extensive chat facilities within
Slack were found to support small group interactions more effectively than Zoom [8].

The demands of online delivery have been recognised. Several authors have also
commented on the increase in workload for educators, with the potential for burnout [6]
and some full time teaching staff being advised to reduce content in order to make
workloads manageable. The technology learning curve (for both staff and students) is
steep in addition to creating/consuming content. Lack of staff familiarity with the
facilities provided by the technology can prevent it being used effectively during
teaching sessions [9]. For transient staff with only a few hours of teaching per year this
is compounded.
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1.2 Previous Year’s Work (2019–2020)

Previous work [2] considered the use of an on-line quiz primer as a component within a
flipped classroom (FC) approach to encourage active learning amongst third year
undergraduate medical students and reduce teaching resource requirements. The FC
approach seeks to move (usually online) some of the traditional content delivery out of
the teaching sessions so that the teaching sessions can be more problem-based and
interactive.

In the 2019–2020 academic year the first two sessions occurred pre-pandemic and
ran with the planned blend of one week prior access to the online primer quiz,
immediately followed by a face-to-face session for each of the two groups. The quiz
was intended to constructively align with the Applied Medical Knowledge (AMK) test
that is used for summative assessment within the medical school. A paper-based per-
ception questionnaire was administered at the end of the face-to-face session (in order
to maximise the response rate). It contained nine questions and occupied a single page
of A4 paper (printed on both sides).

The final session of the 2019–2020 academic year occurred during the first UK
lockdown and was therefore unexpectedly conducted entirely on-line via the Zoom
videoconferencing software (the same one week online primer quiz but followed by an
online session). The questionnaire was distributed by email. It was not described in the
paper (as it occurred after publication) but was discussed during the conference.

The results from the first two sessions were very encouraging. However, there was
an obvious difference between questionnaire response rates from the two sessions that
were paper-based (12 and 19 respectively) and the one that was email-based (1).

It was also observed that while the student engagement had improved in the two
face-to-face sessions (with more students asking questions and the quality of question
having improved), there was a marked decline in student engagement in the final
(online) session using Zoom (no student spoke using a microphone, shared screen or
used the chat).

1.3 Current Year’s Work (2020–2021): Continuing Pandemic

This section considers two aspects: planned changes as a result of the previous study
(pre-pandemic), and alterations in response to the continuing pandemic.

Planned Changes (Prior to Pandemic)
As a result of the previous work [2] there were plans to enhance the online quiz so that
it would include:

• an increased volume of questions,
• the ability to embed diagrams in questions, and
• automatic descriptive feedback relating to the given response (this was explicitly

requested in free-text responses from students).

In particular, it was hoped that the diagrams would give students a greater visual
appreciation of the way disease processes interact with anatomy at a time which would
normally be their first clinical year, but access to the clinical environments (such as
wards and operating theatres) was limited during the pandemic. It was also hoped that
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the inclusion of feedback specific to responses given during the quiz, would help
students appreciate the process of relating prevalence, morbid anatomy, clinical signs,
and symptoms to diagnosis and appropriate treatment. This was especially important
where the clinical signs were remote from the anatomical site of the pathology.

Response to Pandemic
Unlike the previous year, where the pandemic was unexpected, this year there was
considerable opportunity to prepare for a mixed and flexible delivery. It was not
possible to predict what restrictions would be in place, so across the University con-
tingency planning aimed to ensure delivery would continue under varying circum-
stances from complete lockdown (online only delivery) to complete lifting of
restrictions (allowing unrestricted face-to-face delivery).

The situation within the medical school was slightly different. Each year’s cohort
was divided into three groups and the session delivered once per group - three times
over the year (in October, January, and April). It was important that the sessions were
consistent in content and delivery so that all students had a common learning experi-
ence. Also, the online nature of delivery was compounded by the transient nature of the
staff-student interaction, where the lecturer was a National Health Service (NHS) em-
ployee who delivers a small number of sessions across the year (each with different
students). This is in contrast to a more typical situation across Higher Education
(HE) where a lecturer interacts with the same students each week.

As a result, the decision was made to deliver the sessions entirely online using
Zoom (even though both UK government and university regulations allowed face-to-
face teaching at times during the year, social distancing rules drastically reduced the
physical room capacity and there was no way to predict when national lockdowns
would disrupt this).

A number of options were considered to improve student engagement, such as
aligning the session more closely to the quiz and additional visual active content
(diagrams or which they would normally observe live but was limited due to the current
pandemic). Video of diagnostic procedures was also considered but not implemented
due to time and clinical workload constraints.

1.4 Evaluation of Engagement

The aim of the present work is to ask if further developments to the quiz would improve
the engagement of students in a completely on-line delivery? It considers the modifi-
cations made to the online quiz primer, which was delivered in the same manner as in
the previous year (largely unaffected by the pandemic). It also considers the alterations
made to the scheduled teaching sessions that the quiz was intended to support, which
were entirely on-line this year (replacing last year’s face-to-face sessions).

Student engagement with specific online meeting facilities (such as use of a
microphone, chat, and screen-share) was also observed (via participant observation).
A student perception questionnaire was administered using the Jisc online survey
system [4]. It was hoped that this would improve the online survey response rate to be
closer to that of the paper-based questionnaire.
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2 Method

A mixture of qualitative and quantitative data were collected via an online survey
questionnaire and participant observation. As in the previous year:

• the cohort (third year undergraduate medical students) were split into three groups
• three sessions (one per group) were scheduled during the 2020–2021 academic year

(two included in the present paper with the third scheduled after submission)
• each session was an hour long
• students were directed (via email including a hyperlink) to engage with the online

quiz primer one week prior to each session
• teaching sessions focused on active learning - discussions of a small number of

cases related to diagnosis and treatment, with students working in pairs or threes

The following differences were implemented (in response to the ongoing
pandemic):

• there were three modifications to the online quiz primer (described in Sect. 2.1)
• all sessions were delivered online via the Zoom videoconferencing software (no

face-to-face sessions were conducted) to ensure consistency of experience for all
students

• the screen share facility was used in Zoom (instead of physical projection facilities)
• the questionnaire was administered using the Jisc online survey tool, and so was

available continuously (instead of at the end of each session)
• a link to the questionnaire was provided at the end of the quiz
• a brief break was included half way through the session, to allow the staff member

to respond to chat messages and to display a link to the quiz (for students to repeat
or for anyone who had not managed to engage with it prior to the session)

Both the quiz and the questionnaire were available between sessions (across the
academic year), but this was not publicised to the students.

2.1 Software

As in the previous year, the quiz begins with an initial page that gives an overview.
A total of ten questions are asked (randomly selected from the database). After each
question is posed, the student selects a response (from five randomly positioned
choices) and automatic feedback is given for some questions (shown in Figs. 1 and 2).
Once all ten questions have been completed, a summary page (shown in Fig. 3) is
shown indicating how many questions were answered correctly and encouraging them
to undertake the quiz again.

The online quiz primer software was modified in three ways, to include:

• Additional questions: an additional ten questions were created and the questions
(thirty one) that were developed for the previous year were re-used and (to give a
total of forty one questions in the database)
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• Diagrams within questions: all ten of the new questions included sketch diagrams of
the lung to cover fundamental lung anatomy and some visual aspects of diagnosis
(in terms of site of tumour and method of accessing the anatomy for biopsy)

• Automatic feedback: automatic descriptive feedback relating to the given response
was provided for some questions

Figure 1 shows a screenshot of the lung pathology primer quiz, where the student
has selected an incorrect answer (highlighted in red). An explanation is given of why
this answer is not the best fit or not the most likely in terms of the clinical
presentation/pathology/epidemiology given in the question text (patient information)
above. The correct answer is also identified. The intention was that this feedback would
help improve student understanding (potentially encouraging students to look up fur-
ther information and/or triggering questions directed at staff during the session).

Figure 2 shows a screenshot of the lung pathology primer quiz, where the student
has selected the correct answer. The correct answer is highlighted and an explanation
given regarding how it matches the clinical/patient information included in the question
text above. Even though the student has selected the correct answer, it was important to
explicitly link the rationale for this with the clinical information provided (to reinforce
the student’s mental model and in case the answer was selected by guesswork alone).

Fig. 1. Screenshot of Lung Pathology Quiz showing the automatic feedback given to an
incorrect answer. (Color figure onlne)
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Figure 3 shows the summary page, which appears after 10 questions have been
answered. The number of correct responses is given and students are encouraged to
attempt the quiz again. There is also a prompt (and hyperlink) for students to participate
in the survey questionnaire.

Fig. 2. Screenshot of Lung Pathology Quiz showing the automatic feedback given to a correct
answer.

Fig. 3. Screenshot of Lung Pathology Quiz showing the summary page, which includes the
number of questions answered correctly out of ten and a hyperlink to the survey questionnaire
(the word ‘survey’ in the last sentence).
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2.2 Student Perception Questionnaire

The questionnaire was administered using the Jisc online survey tool. This was chosen
partly to ensure compliance with current privacy legislation and partly to improve the
response rate. Last year, the paper-based questionnaire was used in the first two ses-
sions, but it was sent to students via email for the third session. This was done as an
emergency measure in response to the pandemic preventing the last session running
face-to-face. As this was unexpected, it was not possible to consider alternative
delivery methods within the time available.

Table 1 shows the eleven questions used in the survey. Most questions were
retained from the previous year to facilitate comparison. However, two new questions
were added (at the start):

• The first additional question asked for participant consent to proceed (good human
ethics practice for online surveys - the survey software will only proceed with
further questions once consent is given)

• The second additional question asked ‘When did you use the quiz?’ (the intention
was to determine whether students used the quiz before or during the teaching
session, and to encourage those who may not have done the quiz to still participate
in the survey)

2.3 Participant Observation

A series of debrief discussions were conducted with the pathologist who ran the
teaching sessions regarding their perceptions of the process, student engagement,
understanding, staff satisfaction and the impact of the pandemic/online delivery.

Table 1. Survey questionnaire questions. *Small Cell Carcinoma, Squamous Cell Carcinoma,
Mesothelioma, Adenocarcinoma, Lung Cancer

Text

1 I agree to participate
2 Did you use the online quiz (before or during the session)?
3 What device (phone/computer) did you use to view the quiz website?
4 Did the quiz website work properly on your device?
5 How easy to use (user-friendly) was the quiz website?
6 Before using the quiz, how would you describe your understanding of *
7 After using the quiz, how would you describe your understanding of *
8 Did you look anything up (online or in books) as a result of using the quiz?
9 Did using the quiz help your understanding?
10 Did using the quiz help prepare you for the tutorial?
11 Any other comments or suggestions
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3 Results

This year there were seven responses to the questionnaire (four after the first teaching
session, and three after the second teaching session). This compares to thirty one
questionnaire responses in the previous year that were delivered face-to-face (twelve in
the first session and nineteen in the second session). The first two sessions of the first
year occurred prior to the pandemic and were described in a previous paper [2]. The
third session occurred after the start of the pandemic and was discussed during the
conference (but not included in the previous paper).

Table 2 shows the number of questionnaire responses received across the 2019–
2020 academic years (included for ease of comparison).

Table 3 shows the number of questionnaire responses received so far across the
2020–2021 year. The first two sessions have taken place, with the final session yet to
be delivered.

3.1 Student Perception Questionnaire

Question 1 related to participant consent and is therefore self-selecting (all seven
participants agreed). It is not possible to determine how many students may have
clicked on the link and then decided not to participate.

Table 4 shows responses regarding when students used the online quiz primer. This
question was partly added to encourage students who did not use the quiz to participate
in the survey and yield data regarding any obstacles to quiz use. Unfortunately, (as in
the previous year) only students who used the quiz seem to have participated.

Table 2. Summary of the sessions across the 2019–2020 academic year.

Session Delivery mode Survey Responses

Session 1 Oct 2019 Face to Face Paper-based 12
Session 2 Jan 2020 Face to Face Paper-based 19
Session 3 Apr 2020 Online via Zoom Email 1

Table 3. Summary of the sessions across the 2020–2021 academic year.

Session Delivery mode Survey Responses

Session 1 Oct 2020 Online via Zoom Jisc online survey 4
Session 2 Jan 2021 Online via Zoom Jisc online survey 3
Session 3 Apr 2021 Online via Zoom Jisc online survey Not yet delivered
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Two of the students who used it before teaching session said that the quiz ‘was a
good test of knowledge’ and ‘did the survey [quiz] prior to the session and will repeat
following the session tomorrow’. This is supported by usage data on the quiz web
server, both sessions had hits before and after, session 2 had more in advance but fewer
during the session. It is not possible to tie any of the usage data to questionnaire
responses or individual students.

The devices used to access the quiz (question 3) were similar to the previous year
(face-to-face sessions), approximately an even split between phones and
computers/laptops. All seven participants indicated that the quiz worked properly on
their device (question 4), one student said ‘worked very well’.

Figure 4 shows a graph of the students’ perception of the quiz websites ease of use,
which in general is very good (in line with the previous year). The single poor rating
was from a participant using a mobile phone, and included an associated comment that
‘the buttons were too small that you’d click on the wrong number [answer]’. This
probably reflects the frustration that accidentally clicking the wrong item would cause.
This should be further investigated. The only other free-text response was ‘great’ from
another participant.

Table 4. Q2: Use of the online quiz primer (question 2).

Count

Before teaching tutorial 4
Before and during tutorial 3
During tutorial 0
Not at all 0

Fig. 4. Student perception of Quiz Website ease of use (question 5).
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Table 5 shows mean understanding perception scores for each of the five topics
covered by the quiz (and session) from the previous year [2]. It is included for com-
parison with Table 6 showing the same data for this year (2020–2021). Both tables
were constructed using the same method (averages of all student understanding per-
ception scores both before and after using the quiz, with the difference being the before
score subtracted from the after score). In both tables, a positive difference indicates that
students’ perception of their understanding has increased and a negative difference that
it has reduced. In both years across all topics, all differences were positive (indicating
an increase in understanding in all cases). It also shows that this year’s increase (0.69)
is slightly smaller than that reported last year (0.93). However, this year’s overall
before and after scores (2.43 and 3.11) are higher than last year (1.95 and 2.89). As the
sample size was smaller this year, this may indicate a bias toward more engaged
students (with slightly better understanding). However, a stronger cohort cannot be
ruled out.

Figure 5 shows graph plot of the difference values from Tables 5 and 6 for easier
visual comparison. Again all data shows increases in student perception of under-
standing. It also shows that two topics (Adenocarcinoma and Mesothelioma) yielded a
particularly high improvements (relative to the other topics) in both years.

Table 5. (2019–2020, sessions 1 and 2) Mean student perception scores, using categories from 1
(very poor) to 5 (very good) of self-understanding pre and post quiz. From [2]

Before After Difference

Small Cell Carcinoma
Squamous Cell Carcinoma
Mesothelioma
Adenocarcinoma
Lung Cancer

1.94
1.90
2.03
1.71
2.19

2.81
2.81
3.10
2.77
2.94

0.87
0.90
1.06
1.06
0.74

Overall Average 1.95 2.88 0.93

Table 6. (2020–2021, sessions 1 and 2) Mean student perception scores, using categories from 1
(very poor) to 5 (very good) of self-understanding pre and post quiz.

Before (Q6) After (Q7) Difference

Small Cell Carcinoma
Squamous Cell Carcinoma
Mesothelioma
Adenocarcinoma
Lung Cancer

2.57
2.57
2.14
2.14
2.71

3.00
3.00
3.29
3.14
3.14

0.43
0.43
1.14
1.00
0.43

Overall Average 2.43 3.11 0.69
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Student perception of change in their own understanding showed improvement
across all five topics. Comparison with last year shows that last year’s average
improvement was slightly higher. This may suggest that a blend of face-to-face with
online delivery may be more powerful than online alone. However, this is difficult to
compare with such small numbers and the variation in response rates (and is not
statistically significant). Alternatively, it is possible that the small numbers this year
represent better students so the effect for them was less of an improvement. This is
supported by the data (their ratings were higher than last year - both initial and final),
but again not statistically significant.

Two students indicated that they looked material up as a result of using the quiz
(question 8). Free text comments were ‘[I] reviewed different types of lung cancers’
and ‘the quiz was useful to help identity gaps in knowledge but not as a primary
learning tool - perhaps a brief explanation of why the chosen answer was right/wrong
would be helpful’. This is interesting as some questions did have explanations (a
feature introduced this year). It seems that this particular student only received ques-
tions without explanations.

Six students (out of seven) indicated that the quiz helped their understanding
(question 9). Free text responses were that the quiz ‘enthused me to look things up’ and
‘helped recognise more typical presentations and risk factors’. The student who
responded ‘no’ said ‘but [the quiz] did identify gaps in my knowledge to direct my
learning’.

All seven students indicated that the quiz helped them prepare for the tutorial
(question 10). Free text comments were ‘just clarified some of the investigations for
me’, ‘covered the basics’, ‘baseline knowledge and directed some prior reading of
notes’, ‘Made me think about what I do/don't know’, and ‘created [a] list of topics to
revise’.

-2 -1 0 1 2

Small Cell Carcinoma

Squamous Cell Carcinoma

Mesothelioma

Adenocarcinoma

Lung Cancer

Difference in Student Understanding

2019-2020 2020-2021

Fig. 5. Graph showing student perception of change in their own understanding after using the
Quiz Website, for both 2019–2020 [2] and 2020–2021 (Difference between Questions 6 and 7).
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There was one response to the question asking for any other comments (question
11), that ‘some of the acronyms are unfamiliar so could do with full meaning instead of
acronym’.

3.2 Pathologist Educator Participant Observation

The tutor running the teaching session indicated that online engagement during this
year’s sessions was improved compared to the online session last year, but that
engagement was still much better during last year’s face-to-face sessions. The tutor said
that it is ‘better that they get this opportunity than not at all, but I think they are missing
out’.

Teaching Process
The tutor commented that the third session last year was ‘bit of a shock’ as it ‘coincided
with lockdown’, and that they (the tutor) had ‘never used the [Zoom] technology
before’ (but this is likely to apply to the students as well).

The two sessions this year ‘felt more comfortable’. They described themselves as
‘comfortable with the technology’ and in particular more ‘familiar with chat now’.
Another important change this year was that ‘now someone logs on with you and they
check that all is working’, which referred to administrative staff joining each session as
co-hosts to provide support. As a result of these changes the session ‘flowed well’,
‘fitted quite well into the time’ and ‘I wasn’t worried about timing, timeouts and
logistics’.

A slight change in the delivery was described that put a short break in the middle of
the session. The tutor said that this gave them a ‘small breather in middle, mentally I
felt a lot better, just the cognitive five minute downtime in the middle makes it feel a lot
better from my point of view’. It also provided the tutor with an opportunity to
‘respond to chat’ and ‘display the quiz link’, which allowed students to continue to
engage.

In previous years the sessions were run in ‘a seminar room that was very full’,
however ‘working in pairs worked well’. In face-to-face sessions, the tutor used a
‘white board to illustrate complex anatomy relating to pathological processes’. They
used the white board to make a ‘link to the clinical signs and symptoms and where the
pathology is, e.g. being due to a tumour in the chest (e.g. lung cancer can present as
hoarseness)’. This was often done by ‘draw[ing] a picture and talking it through’. In
this way, the tutor would ‘adapt delivery to audience response and without seeing the
audience delivery is less adaptive’. They commented that it was difficult to ‘replicate
that in Zoom easily’.

Student Engagement
This year students used the chat facility (which they did not last year). However, no
students used their microphone or video. About three to four students per session used
the chat facility (from a session size of about twenty students), with ‘some directly
answering questions and some spontaneously asking new questions’. The tutor
remarked that ‘that was good’ and ‘some would only directly chat at me and some
directed it to the group (probably more to me)’.
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Small Groups
The tutor indicated that breaking students into small groups was challenging, and said
delivering via Zoom ‘is still very limited, in that you can’t go round small groups of
people’ in the way you would face-to-face.

It was not possible to use breakout rooms during the session due to a ‘lack of
familiarity’. A brief demonstration at the start of the year included breakout room, but
that facility requires more support. The tutor commented ‘we use [Microsoft] Teams in
work … different to what we’re used to using’ and that there was ‘difficulty with not
being a full time’ educator.

Audience Cues
The tutor was not able to ‘see the audience’, which ‘limited interaction’. They missed
the visual cues that this provided and said that it wasn’t possible to see ‘facial
expressions’, ‘if they are smiling’ and if students are ‘writing anything down’.

Student Understanding
The tutor indicted that due to the lack of audience cues it was ‘difficult to gauge’
student understanding. The judgement of student understanding was ‘difficult’ as it had
to be based entirely on the questions in the chat, and the proportion of students
engaging in the chat was ‘slightly less than a quarter of … [the] group’.

Student Questions
The tutor commented that ‘some of them asked good probing questions’, ‘some of the
questions in the chat are better than others, but they are limited’ and that ‘this would be
a lot better in person’.

As a result the tutor ‘encouraged the use of the chat facility’ and ‘cajoled [the
students] more’ than they normally would. However, the students were ‘not answering
questions like they would in a group, you always get a few who answer things in a
group [face-to-face]’ and some students will explicitly say ‘I don’t understand’ but in
these sessions ‘you’re not getting that’.

Staff Satisfaction
The tutor said that they had ‘been encouraged that some [students] have obviously
answered the quiz’ and the ‘majority of them have said thank you at the end’ (via the
chat facility).

Confidentiality
The tutor felt that delivering online changed the delivery, specifically they were more
‘careful what I say - especially regarding sensitive information as you don’t know if
someone is recording it’ and that ‘you don’t really know who’s present’.

While the tutor has always been mindful of patient confidentiality, they are now
more concerned that the ‘bare bones of age and other information can identify people’.
They commented that the cohort ‘are medical students, so should follow confiden-
tiality’, but ‘I trust them less because they are not on University or Hospital property
and I don’t know where this is going’. In general, they indicated that ‘I realise I have
been a bit more careful about things like that’ and as a result the students ‘get a little bit
less of you’.
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Alterations for Next Year
The tutor mentioned several alterations that they were considering for next year’s
delivery (as a result of this year’s experiences):

• Using the quiz more explicitly during the session and ‘aligning the content more
with the quiz’

• Use of ‘polls’ during the Zoom session, which ‘might help’ with engagement
• Use of ‘breakout rooms’ during Zoom sessions (which would require tutor training)

to support student-to-student interaction in groups
• The creation of ‘pre-recorded case studies’ for students to view as additional pri-

mers before the session and then ‘discussing [them] during the sessions, with
slightly more in-depth questions’.

• Moving away from three duplicated sessions. Possibly toward a common session
followed by shorter group sessions. The tutor said that this ‘could save tutor time in
a period when we are highly pressurised’. Any change in delivery schedule would
need to be done at school level to be consistent.

However, the tutor said ‘but you’ve still got to set it up’ in terms of preparation time
and learning to use those technologies.

4 Conclusions

4.1 Student Engagement

The two 2020–2021 online sessions showed greater engagement than the previous
year’s (2019–2020) online session (which was necessitated by the first UK National
lockdown due to the coronavirus pandemic). However, the two 2019–2020 face-to-face
sessions showed significantly higher engagement. There was a definite improvement in
engagement for this year’s online sessions compared to last year’s online session, but
this is still below that of last year’s face-to-face (pre-pandemic) sessions. The in-
session technology and facilities also had an impact and the two are related. The
pandemic has acted as confounding factor, making it difficult to link changes in
engagement to the quiz separately from the other changes to delivery.

The quiz seemed to function in a similar manner with similar benefits but the
following teaching sessions were less effective and more challenging when delivered
online (compared with face-to-face). This was still an improvement compared to last
year’s online session. The use of the quiz during the session was unexpected but
beneficial and is likely to increase in future sessions.

This suggests that face-to-face sessions are more effective (in both higher student
engagement and student understanding) than online sessions, but that the gap can be
closed by appropriate delivery and software functionality within online sessions.

The questionnaire response for this year (2020–2021) was far lower than the pre-
vious year, which is in keeping with what is reported in the literature (online surveys
have been found to generate lower response rates than face-to-face surveys).
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4.2 Technology

More work is being conducted and published, thereby adding to our understanding of
what can be done to improve online sessions (in particular the use of videoconferencing
systems such as Zoom), which was not available at the start of this academic year.

There is an enormous variety of techniques and technology available. It is
impractical for both the educator and students to instantly familiarise themselves with
and select the most appropriate for adoption. This is especially true for transient users
such as part-time teaching staff whose main role is clinical.

Currently, Zoom restricts student-student interaction. In particular, chat can
broadcast to everyone or send to a single participant, but cannot send to two or more
participants. This prevents student peer groups forming naturally. The Slack software
maybe more effective in this situation. Also, the use of microphones and video is
exclusively broadcast to everyone. There is no way for a student to speak, share video,
or share screen with a sub-group of participants, or just with the host (lecturer).

The breakout rooms facility allows students to be split into groups. However this
facility is limited and complex. It is setup by the host/lecturer, participants cannot chat
or speak to people in other breakout rooms, and it is not clear whether sending chat to
‘everyone’ means all in that room or everyone across rooms. It is difficult for the tutor
to chat to others outside the room they are in and difficult for the tutor to move between
rooms. This does not match the naturalistic classroom interactions (where a tutor can
see all groups in the physical room and move between them quickly).

The tutor was given a short Zoom Training session at the start of the year (which
covered chat and breakout rooms). This was successful at allowing them to use the chat
facility, but breakout rooms were too complex and would require more time to become
familiar with.

4.3 Further Work

Further changes to the online quiz primer and the manner in which the sessions are
delivered will be investigated, including:

• An expansion of the question set to provide more balance (as it appeared to be
biased toward Mesothelioma and Adenocarcinoma topics)

• Short pre-recorded demonstrations (as additional primers before the sessions), in
particular showing how complex anatomy can be affected by pathology

• Increased use of the online quiz during the session (as well as a primer)
• The use of breakout rooms and polls during the teaching sessions

More work needs to be done to determine the prevalence and rationale for students
(staff and professionals) being wary of using microphones and video during online
sessions (in zoom and/or other online meeting systems). This may link to issues around
social anxiety and privacy influencing student engagement. It should ask how teaching
methods and technology can be adapted to allow wider participation, while addressing
staff difficulties in delivering sessions without seeing all participants.
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There is a need for additional functionality and usability enhancements within
videoconferencing systems (such as Zoom) to align with specific teaching needs.
Additional functionality could include:

• rapid creation, alteration and movement between rooms
• persistent representation of the state of breakout rooms. Currently, the breakout

room list disappears when moving between rooms and the main session, which is
disorienting for the host (increasing cognitive load). This makes it very difficult to
move through groups or individual students in a consistent manner (ensuring all
students have an equitable slice of the host’s time).

• integration of breakout room status with the participant list, so the user can see who
is where and can add/remove rooms quickly and easily and freely move between
rooms (without closing interface elements).

These changes would replicate a physical room, where the tutor can see who is
where and can easily move between groups and individual students.
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Abstract. During this work, we will focus on strategies for understanding
learning paths in online courses. Indeed, more and more researchers are inter-
ested in the attitude of learners in the learning conditions of online courses. We
note that the cameras are often turned off, and different reasons are mentioned,
such as the fact of feeling obliged to stare at the camera, the question of the
privacy of the home although interfaces allow to create a fictitious decor, and
finally that it is not necessarily usual
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1 Introduction

The idea of e-learning as it was initiated is based on the premise that this form of
learning is more student-centered [1, 2]. In addition, the active participation of the
student is important for the success of the system. It must involve a process on the part
of the learner such as participation in the co-construction of teaching content and
knowledge. This is one of the reasons that is often mentioned, the notion of Personal
Learning Environment (PLE) [3]. Just like for trainers, there is a Personal Teaching
Environment (PTE) [4]. Even if these spaces overlap, PLEs can be richer than PTEs.
Indeed, learners can aggregate in their PLE, other applications or tools that the teacher
does not have. From this health crisis emerged the use of the webcam as a tool allowing
the teacher to do his lesson by imitating the face-to-face lesson. The e-learning course
then moved into a distance course, and very little use of e-learning took place. How-
ever, for some researchers, the improvement of e-learning environment can be enriched
by the co-construction of the course which the use of digital tools [5, 6]. We have
previously analyzed the role of forums in setting up an online course [7].

This notion of online or distance learning to which learners naturally subscribed
through their personal choice and to which certain teachers had also been formed was
imposed on everyone, including the conditions during which the lessons must be
provided by teachers and followed by students.

Moreover, with technological developments, online uses tend to want to replace
face-to-face lessons with the use of sound and video. Faced with this technological
choice, allowing to the system to penetrate everyone's privacy, many choose to turn off
their cameras, even the teacher sometimes… We must not lose from our sight the fact
that learning is above all a collective adventure, designed as social learning [8]. In terms
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of educational construction and by evoking the socio-constructivist school among
others, it is undeniable that the central hypothesis of the social construction of knowl-
edge is at the heart of the social psychology of development, which considers in par-
ticular social interaction between peers but also between learners and course leaders as
one of the key elements of the cognitive development of the individual. Other schools of
thought evoke this encounter, such as socioconstructivism and the proximal zone of
development [9] and vicarious learning and socio-cognitivism theory [10].

It is therefore necessary to ask the question about the fact of the extinction of the
camera in the propensity of its active role in learning seen from a purely communi-
cational angle. We observe, like the vast majority of colleagues with whom we have
spoken, that very often the cameras are turned off, which means that the students have
only sound as their interface, so how then we can reproduce the face-to-face course and
why this question poses a problem in achieving effective teaching?

In this work, we will be interested in this issue to the interaction linked to human-
computer interface and how therefore to put in place practices that can promote
empathy in particular, which is a fundamental element in learning. Indeed, pedagogy is
intimately associated with communication and it is no coincidence that the two dis-
ciplines, namely education sciences and information and communication sciences,
overlap on this theme of learning.

Long before the discovery of mirror neurons, which play an important role in
empathy, H. Wallon underlined the importance of the postural function in communi-
cation [11]. This form of communication is essential to denote the role of emotion in
the communication process [12].

2 Motivation and Learning Path

Motivation is a key factor in the learning path [13]. In this regard, teachers use several
strategies to successfully capture the attention of students. In this regard, it would be
useful to recontextualize learning as it is experienced in France. Indeed, with the
massification of access to higher education, this tends to educate a larger proportion of
young people of a generation, and which is largely open to the middle classes [14].
Unlike the Grandes Ecoles, the University is no longer exclusively the place of training
for the social and academic elite, insofar as it also welcomes the largest share of
graduates of a generation.

This ipso-facto generates new problems, with the emergence of new teaching
methods due to the erosion of the level but also of the cognitive capacities of the
students and also of their working methods. This is one of the reasons for the massive
failure of the first cycle in France and for which alternative strategies have been put in
place, in particular the work-study model [15], where students alternate a time at the
university and a time in the enterprise and in which appropriations are of the order of
competence rather than knowledge.

We can see that all these “obstacles” that learners encounter during their university
course have a major impact on their motivations to continue their studies, and thus we
fall into a vicious circle which inevitably leads to failure. For this reason within
universities and in particular that of Gustave Eiffel University, tutoring jobs have been
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multiplied and which allow the learner, due to his interaction with his tutor who is also
a student, to be able to put in place the mechanisms mentioned above and which will
promote the success of the learner, by playing on confidence, motivation and accep-
tance of the error, which as we have discussed are key factors of success before any
form of knowledge.

The question then is how to succeed in this transmission in digital space and ensure
the success of an online course, while accepting the decline in interactions. Indeed,
with the health crisis, the establishment of distance or online courses shows all the
problems to ensure effective courses in the educational sense of the term. We often find
that measuring course success is based simply on metrics, such as did the course work
well, were there any malfunctions, does the bimodal system work well, etc. without
however worrying about the complex reality of the course and the environment nec-
essary for its success, and which were detailed above, namely the PTEs and PLEs. In
addition, the vast majority of trainers confuse online courses and distance learning
courses and are satisfied to teach courses on very easy-to-use videoconferencing tools
such as Zoom, which has been so successful thanks to its simple functionalities.

2.1 Motivation

On the question of the motivation that arises from the emotions or feelings that one has,
there are a plethora of theories [16]. Besides, that's why we carried out this work.
Indeed the essential question is to know how to motivate the students to learn, how to
generate the emotions or the feelings necessary to carry out this task knowing that we
have several handicaps to overcome as it is indicated in the object of this article to
know without communication non-verbal. If we consider that “motivation designates
the forces which act on a person or within him to push him to behave in a specific way,
oriented towards a goal” [17], we can easily deduce that without stimuli motivation
cannot be triggered in an individual. Classical theories also present motivation to us as
a result of a need [18], of an expectation [18]. McCelland in 1961 developed the theory
of belonging, fulfillment, and power needs, thus providing a different reading of
Maslow's theory [19].

Classical theories therefore consider the evolution of social relations in an inter-
personal register and more specifically in professional and work relations which put the
individual in a position of uniqueness, i.e. the “me” is superior to the “us”. In summary,
the dynamic of motivation at this level is triggered in a logic of individual reflection.
This focus on motivation is essential to allow students to be in ideal learning condi-
tions. It is certain today that inequalities also exist in distance mode and that they are
more important than in face-to-face mode where inequalities linked to several factors,
including socio-psychological ones, were already noted [20], such as anxiety [21],
socialization processes [22] and their emotional impacts and on our learning processes
and to recall what has already been noted, namely that we never learn alone and finally
the usual emotional states which are managed alone and therefore the difficulty of the
learner when he is in a state of negative emotion [23].
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2.2 Emotion

The notion of emotion has been studied by several authors and in several disciplines.
The term “emotion” is a set of affective reactions, regardless of their duration or
intensity. In this sense, emotions are distinguished from feelings, which last a long time
unlike emotions which sometimes have a short lifespan such as anger or surprise. It is
helpful to note that we are always aware of our feelings, which is not always the case
with emotion. For Robert Plutchik [24], there are eight basic emotions which are in
opposite situation namely Joy and Sadness, Confidence and Disgust, Fear and Anger
and Surprise and Anticipation. Each of these emotions has a role, such as the fact that
fear allows protection or trust which allows incorporation and finally anticipation
which allows exploration. We can clearly see the role of these emotions in the edu-
cational function and the role of the communicational space in the transmission or
encouragement of these emotions. We all know that emotions are transmitted to others
via artefacts, as we will see below about mirror neurons. Other authors have developed
an approach based on valence namely positive or negative then on fundamental pos-
itive or negative emotions also such as joy and love or anger and sadness and which
then break down into sub-emotions.

For Paul Ekman [25], there are so-called primary emotions which are identical to
many cultures, including certain animals. They correspond to more specific mental
states, characterized in particular by a rapid onset, a limited duration, and an invol-
untary appearance. We have defined here so-called basic emotions and as it was
indicated by Ekman, these emotions are found in all individuals, including in certain
animals, in particular chimpanzees. However, our most complex emotions are very
dependent on our cultures and sociological factors. For Paul Griffiths, there are two
classes of emotions, namely emotions called “affect programs” and emotions known as
“higher cognitive emotions”. It is for this reason that certain emotions are accompanied
by facial reactions and of which Paul Ekman has produced an extremely elaborate
catalog. They indeed produce specific facial, vocal or muscle reactions.

The role of these emotions is essential in our decision making and this is what is
shown by Plutchik among others. Since the work of Damasio [26] which made it
possible to understand how emotions can exert a decisive influence on the decision-
making process. Other authors have consolidated this path such as Dan Ariely [27],
Alain Berthoz [28] confirm the hypothesis according to which emotions, by influencing
our choices and by motivating them, are a determining element in leading to decision-
making.. Our analysis of this notion of emotion is very important to the success of a
course and even more so of an online course especially when the cameras are off and
which is undeniably the case in most courses. To be able to take action, you have to be
motivated and this is not only a rational process, but it is accepted that motivation is
linked to emotion [29].
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3 Social Cognitive Theory

Albert Bandura, who developed the Social Learning Theory, demonstrates that there is
an interaction between the mind of the learning person and his environment. Indeed,
cognitive social theory shows us that human functioning is complex due to its existence
and its environment and the product by its actions. He argues that “human functioning
is the product of a dynamic and permanent interaction between cognitions, behaviors
and environmental circumstances. This shows us how important our emotions and our
interactions are in our reactions with our self but also with others. This is summarized
according to this triple approach between interaction of our behavior, our internal
personal factors in our environment [30].

We understand well then how the interaction of learners with trainers is important
but also between learners which allows to strongly consolidate the theory of socio-
constructivism and which results in the success of the learner. Included in these forms
of interactions we also find the forms of social persuasion that allow us to act on the
beliefs of others by giving them the feeling that they have the capacities required to
succeed. This exchange between trainers and learners is essential for success, especially
at the time of doubts or questions by authorizing errors, an important step to be taken in
order to succeed in learning [31].

By making the link between the need for interaction and learning and interaction
and motivation, we see that contact is important for effective learning. This link is then
reinforced by the communication function such as it was initiated by Wallon in terms
of postural function and emotion [32] and subsequently widely studied by Martin-
Juchat on the question of the role of emotion in communication [33]. Through this
initiation carried out by Wallon, the link is clearly identified between the postural
function of communication and the brain function. We then allow ourselves to create
the continuum between the communicational approach and motivation and brain
function. The latter through mirror neurons will make it possible to act at the level of
this interaction to trigger this continuum. These mirror neurons are the trigger for the
transmission of emotion. This transmission of emotion is essential in the learning
journey, it allows errors in the student because of the attitude of the teacher but also of
other students, and it must be remembered that there is no error-free learning. This
transmission of emotions takes place primarily through mirror neurons during inter-
actions that take place in a classroom. What about non-verbal interaction during online
lessons and more when the cameras are off? This loss of interaction raises an obvious
question, namely how to allow the student to interact and verify his knowledge if it is
not through a learning path, certainly structured but without any prior interaction. And
it remains a question which is how to check during the learning path that the student is
following the course and other aspects necessary for memorizing knowledge.

This emotional function is very important in the learning mechanisms. J. Papez in
1937 notably hypothesized that the thalamus represents the central nucleus of this
neural network and that it allows the attribution of emotional meanings to sensory
perceptions [34]. This circuit known as the Papez circuit is involved in memory and
learning functions [35]. We will see later the role of memory neurons in the trans-
mission of emotions. Adding to this the Flow effect developed by Csíkszentmihályi
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[36], we clearly see the role of these interactions in the success of the learning journey.
In fact, this author shows that this effect is achieved when the learner is absorbed in his
action and is completely satisfied with his results. This author then speaks of an optimal
experience and this state can only be achieved if the learner is motivated by the task he
is accomplishing, by attaching the emotions necessary to reach this level of motivation
and therefore success. Obviously these emotions must be channeled in order to gen-
erate the actions required to succeed and its interactions between the different elements
or actors and will then be decisive if we integrate the work of Bandura. For example,
this Flow effect is achieved by an athlete while performing his exercise [37].

We must not lose sight of the fact that the learner is at a distance and as we have
indicated with the camera off. He is then subjected to motivational conflicts, because of
the possibility of carrying out other tasks more pleasant than following the course
which is often difficult for some students, also because of what we mentioned above
like the massification of the university system and the isolation of the student. Indeed
our brain has two areas, one called emotional brain represented by the limbic brain and
which often seeks immediate gain, and the other so-called rational zone which is more
calculating and which defines more or less long-term rewards.. This area of the pre-
frontal cortex allows the regulation of executive functions, that is, the management of
action according to the goals of the individual in relation to his environment [38]. This
gap implies a conflict on the individual and which can effectively generate a motivation
gap between immediate action and future action.

We clearly understand how this emotion, which we transmit to learners, can be
contagious on the limbic zone and therefore will ensure motivational coherence unlike
the motivational conflict that can arise from a decline in our verbal and non-verbal
interactions. or even an unstructured course, whether online or face-to-face, even if in
the latter case, trainers may resort to coercive measures. So this state of flow can be
achieved without conflict or stress. Emotional contagion leads the observer to feel the
same emotion as that expressed by his interlocutor [39].

4 Non-verbal Communication and Mirror Neurons

The “mirror neurons” activate when an individual perceives, for example, a smile, and
this then creates in the receiver a virtual smile in his brain. In fact, mirror neurons are
activated when an individual performs or observes this same action in others. This
capacity for imitative reproduction of the experiencer's expressions is automatic and
unintentional. This is an illustration of the primary visual functioning of mirror neu-
rons. A very detailed documentation on the theory of mirror neurons can be found in an
article by Gallese [40]. The discovery was made by chance by Rizolatti’s team [41],
based on the comparison between primate and human brain function. This discovery
led to a better understanding of the mechanisms involved in the perception of the
actions of others [40]. These mechanisms of reproduction of the actions of others are
based on a set of neurons called mirror neurons. It is thanks to mirror neurons that
witnessing an emotional facial expression implicitly activates the same neural circuit
that is activated when the observer is subjected to this same emotional reaction [42].
This form of exchange is essential for us as a teacher, as it will influence the course of
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events in his classroom. Remember that a course is based on means of communication
and that communication is any verbal or non-verbal means used by an individual to
exchange ideas, knowledge or feelings with others. The total utterance of a message
would result from the combination of a verbal part and a non-verbal part.

This form of verbal and non-verbal communication creates the phenomenon of
empathy with the observer, and in connection with cognitive social theory, this emotion
will generate behavior based on the emotion felt between the two interlocutors. It
should be noted that there are three forms of empathy, namely understanding the
emotions of others, their intentions and thoughts and finally the ability to put yourself
in someone's shoes.

Several possibilities are available to us today to try to remedy this question. The
first is the use of emoticons in online exchanges as well as in the chat room or forum.
Emoticons were created by S. E. Fahlman [43], they are used in the field of computer
mediated communication or CMC. This form of communication by computer
(CMC) [44] today constrained by the health crisis in the field of education replaces
certain face-to-face interactions; the nature of communication between trainers and
learners but also between learners has changed.

With this new form of teaching and despite the fact that the millennial generation is
more accustomed to this mediated communication, the communication of emotions is
often lost and as we have specified above, it allows in particular the error for the student
but also interaction between peers. Therefore, finding ways to enrich the medium is
important. The issue with Computer-Mediated Communication is that in the absence of
a camera, it cannot realize the role and traditional non-verbal dimensions of human
communication such as facial expressions, gestures, body positions, personal distance,
vocal variety or prosody and eye contact.

However, given the position of some trainers, the use of emoticons does not seem
to be easily implemented. There is opposition to these uses by some teachers, and
young people are more accustomed to delivering a form of emotion no longer through
the quality of writing but the use of emoticons. This notion has already been
approached from the angle of the theory of Generational Determinism of Recipients
[44]. This theory makes clear in a fairly formal way that each generation has different
values, points of view, and this leads to therefore different means of communication.
Finally, we have seen, like many, that the different tools do not offer the same
opportunities for discussion. Most have been defined from corporate communication
perspective and the presence of emoticons is limited or nonexistent.

Another way to answer this question that we will be interested in in this work is the
implementation of an emotional chatbot that can appear regularly in the user interface
to maintain the attention of the student, and therefore, at least hopefully his motivation
to continue taking the course. This will create a form of empathy through the devel-
opment of machine learning and especially Deep learning in the implementation of
emotional chat-bot. It is also useful to have recourse to formal and informal exchanges
on the forum or the Chat space to measure the emotional state of the students and the
class and to be able to generate emoticons by the Chatbot and which are more and more
adopted by students during lessons.
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5 Chatbot and Empathy

Indeed, these empathetic chatbots [45] will modify our relationship with others, They
will allow new communicational models to emerge, thus generating new forms of
emotions within the framework of human interaction and creating a new paradigm in
the context of human-machine interaction with the emergence of a new form of
interaction namely, human-robot interaction. Several disciplines are at the congruence
of this new application, such as cognitive sciences, neurosciences, sociology, sciences
of education, sciences of information and communication and computer science. We
have previously worked on the notion of emotional Chatbot [46], and here we find an
obvious field of application with the online courses which will become of certain use
even after the passage of the health crisis, because of its practical aspect and by what it
answers to sociological questions in particular, to answer the question of mobility,
handicap,.. Solving this complexity will make it possible to establish the use of the
online courses in an efficient way and not only to answer to crises.

In our use, we believe that this chatbot will allow, for example, launching quizzes
or surveys, which will maintain the learner's attention during the online course. We
adopted these assumptions and found that the students were more caring and more
motivated to pass the exercises. By collecting the discussions in the discussion spaces,
we were able to analyze the emotional state of the class and could see that the feeling
was quite positive. It will also allow us during a chat conversation to define the
emotional state of the class thanks to a sentiment analysis and thus provide a chatbot
that will take this emotional state into account.

6 Conclusion

In this paper, we want to explain how it can be considered as very difficult both for
students and teachers to do an online course without there being the dimension of
verbal and non-verbal communication. The latter shows the consistency of the message
and for the teacher the absence of a camera can lead to difficulty in the efficiency of
online lessons. While most teachers turn on their cameras, it’s not generally the case for
students for a variety of reasons and therefore the lack of interaction between teacher
and student but between students can lead to the “failure” of the elearning process. One
of the ways to increase efficiency is to put in place tools that allow the transmission of
the emotion felt by the learners and also by the class in order to better carry out the
course. We are still making progress on the implementation of the emotional chatbot
and further integration of emoticons into online exchanges.
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Abstract. Educational laboratories are flexible environments that allow learn-
ers to learn by practice, fostering their creativity, learning awareness, and col-
laboration with peers. Bringing these laboratory environments to an online
setting is both challenging and necessary, particularly nowadays, when a sig-
nificant part of learning takes place in online settings. Educational laboratories
are well-suited places for learning to code, which is stated to require a great
effort from learners, especially for non-STEM learners. This paper presents the
design, development, and evaluation of CodeLab, a laboratory-based platform
for learning to code through practice. A user-centered design approach was
carried out, making learners active members of the design process through
different design methods. As a result of two design iterations, CodeLab provides
an integrated practice environment with a learning path based on a list of
challenges and activities. Learners solve these activities and engage with their
learning process by being aware of their own progress. The tool conveys a
laboratory experience to non-STEM learners, fostering their practice skills,
assessment, and autonomy.

Keywords: Design � Interaction design � User-centered design � Learning
labs � Learning tools � Technology-enhanced learning � Learning to code

1 Introduction

Educational laboratories are flexible and multidisciplinary spaces where knowledge is
built through social interaction and experimentation. In these spaces, students’ cre-
ativity, self-training, and self-management are fostered, and the learning process is
expanded to the educational community, developing and sharing learner’s creativity
with peers. Thus, a laboratory is an ideal place for testing and experimentation to learn
from mistakes and acquire learning by practicing skills and learning by doing [1].

Currently, a relevant part of learning takes place in online settings. Therefore, there
is a need to provide the learning community with an online laboratory that brings face-
to-face laboratory’s strengths to an online learning environment. However, although
online learning has multiple advantages, it can sometimes lead to a disconnection
between learners and teachers, promoting isolated and individual work. Designing and
developing an online laboratory is a significant challenge that requires a deep under-
standing of users’ needs and making them active participants in the design process to
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create an environment that provides them with a good user experience and satisfaction
to foster learners’ engagement.

Learning to code is known to require a lot of practice [2, 3] since learners need to
acquire coding and computational thinking skills and not just knowing the syntax of a
particular programming language [3, 4]. In response to the requirements of the learning
by doing approach [1], students need to monitor their learning process to direct, correct,
and think deeply about their coding errors and solutions [6]. In such a challenging
learning process, social interaction is also an essential component that allows students
to share their knowledge, experiences, and questions with their peers and teachers
while they are coding.

Given this major challenge of learning to code, continuous practice appears to be a
viable approach to facilitate the learning process. In this respect, a laboratory-based tool
becomes an essential tool to support the learning process in online settings.

CodeLab is a project that aims to create an online laboratory, offering students a
workspace to practice, promoting the interaction between peers that occurs in a face-to-
face laboratory, and fostering the awareness of their learning progress [6]. To do so,
these key features were integrated into the same interface, providing students with a
laboratory experience where they can easily access (1) learning content and activities,
(2) progress and assessment feedback, (3) coding console, (4) execution and visual-
ization and (5) a place to interact with other learners and teachers. From the instructors’
perspective, CodeLab is expected to offer teachers an environment to keep track of
students’ activity and learning process and to provide feedback during the course.

CodeLab project follows a human-centered design (HCD) approach that aims to
involve users in all phases of the design process [7] through an iterative process. This
design approach is especially useful when designing interactive technologies [8] and
technology-enhanced learning (TEL). Involving users in each step of the process, rather
than waiting until the product is completed [9], helps to align the final product with
users’ needs and characteristics, which leads to a good learning experience [10].

This paper is organized as follows; the state of the art of learning to code by
practice is presented in Sect. 2. Section 3 presents the approach to design and develop a
learning tool to practice. The implementation and the evaluation of this tool are pre-
sented in Sect. 4. Finally, in Sect. 5, the conclusions and future work are discussed.

2 The State of the Art

As mentioned above, educational laboratories provide learners with a flexible envi-
ronment for learning through practice, fostering creativity, learning awareness and
interaction with peers and teachers. Recreating this favorable situation in an online
setting can be very challenging. Commonly used learning management systems
(LMS) provide a set of tools and features to scaffold the learning process, but in general
they are mainly oriented to the acquisition of content than to the promotion of practice-
based learning [11]. Technology-enhanced learning (TEL) research is trying to address
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the need for more active and engaging online learning environments by proposing
several tools and platforms for autonomous learning through practice [12–14]. Such
tools are key elements for the design and implementation of online learning
laboratories.

Literature is abundant on how challenging it can be to learn to code and the great
effort students have to make during the learning process [15–18]. It can even be more
challenging when those who have to learn to code are non-STEM students. Schachman
[19] describes these students as “alternative programmers” since they do not identify
themselves as programmers, but they need to program to achieve some of their goals.

Programming is widely understood as a creative and collaborative process between
programmers and machines [19]. Thus, learning to code is not only about acquiring
specific knowledge of the syntax but also about acquiring specific skills [20]. Among
these skills, problem-solving is one of the most relevant ones [21], making students
understand the context, identify key information, and plan to solve the problem [22,
23], emphasizing the ability to solve it by cooperating with their teachers and peers [24,
25]. Furthermore, time management is also a crucial skill that allows students to plan
the use of time and the stages during the learning process [24, 26]. To acquire these
programming and general skills, programming courses are generally characterized by
providing students with many activities to practice coding intensively [27]. Students’
autonomy is crucial during this learning process since students need to learn to decide
what is essential to succeed in their learning goals [28, 29].

Considering this need to practice intensively and how challenging it can be to learn
to code to non-STEM students, it makes sense that these students might sometimes feel
overwhelmed. In this context, student engagement takes on a significant relevance in
their learning process. Engagement is understood as how actively students are involved
in activities [30, 31], and there is stated to be a close connection between students’
engagement and the interactions between learners, teachers, and the learning envi-
ronment [32, 33]. The learning platform plays a key role in an online course since it
becomes the place where these interactions occur [34].

Given the importance of the learning platform in an online course, it makes sense to
focus efforts on designing a useful and easy-to-use platform. In this regard, Davis
remarks in [35] the connection between the level of perceived usefulness and the user
behavior and intention to use it. In other words, the easier it is to use a platform, the less
effort it will require from the users, making them more likely to accept and use it [35–
37].

A human-centered design approach facilitates users to have a satisfactory first
experience with the program and makes them willing to keep using it [9]. Interface and
interaction design may also facilitate users to feel comfortable with the platform and its
interface [38]. Interface takes on particular relevance on a platform to practice to code
since there is a direct link between how programmers work and the design of the
platform’s interface [19]. In this regard, discrepancies between how users and software
designers understand the platform are inevitable [19]. However, being some of these
discrepancies seen as the root of usability issues [39], it is important to design a
satisfactory user experience, focusing on the interface design and its usability.
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According to what has been exposed above, several design goals (DG) are iden-
tified to provide non-STEM students with a learning tool to practice coding that allows
them:

• DG1. to practice autonomously solving provided activities,
• DG2. to split the activities into pieces,
• DG3. to be aware of their learning process,
• DG4. to communicate with their teachers and peers.

Next section details how these design goals were addressed through later stages of a
user-centered design process, involving different types of users in the process through
different design methods.

3 CodeLab Tool

CodeLab was conceived as a learning tool to promote learning through practice in an
online laboratory setting. The tool provides non-STEM students with a platform that
allows them to practice coding autonomously and collaboratively with their teachers
and peers. The tool allows teachers to follow each student’s particular learning progress
and provide support. The interface was designed to foster student’s exploration and
discovery. According to Schachman [19], alternative programmers drive their work by
feelings, intuitions, or emotions. Thus, CodeLab provides students with a list of
activities for each challenge, where they can find assessment, recommended and
complementary activities. These activities are shown with no visual-hierarchy
difference.

3.1 Design Process

CodeLab was designed, developed, and evaluated through a user-centered design
(UCD) approach, following the principles and phases of the ISO 9241-210 human-
centered design process [40]. This is an iterative process divided into four main phases:
(1) understand and specify the context of use; (2) specify the user requirements in
sufficient detail to drive the design; (3) produce design solutions which meet these
requirements and (4) conduct user-centered evaluations of these design solutions and
modify the design taking into account the results. As Fig. 1 shows, different design
methods and tools were used in each phase of the project during the first two iterations
presented in this work.
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As introduced above, the first phase of the design process focused on understanding
the context and gathering information about the users. In this case, the final users are
divided into two groups: non-stem students and teachers. This exploratory phase also
aims to generate ideas, searching for diverse concepts and alternatives [41]. With this
purpose, a collaborative workshop was carried out based on a design thinking process.
As a starting point, two user personas were created to emphasize with the final user [42]
and to understand these users’ needs and goals that had to guide the design process
[43–45]. During the two iterations of the UCD process, different methods that were
used are described below:

Empathy Map. The empathy map (EM) method is an essential tool of a user-centered
design approach [46]. Through an EM, people involved in the design process can
understand, emphasize, and internalize a specific person’s experience while using the
product or service [47]. In this case, the updated version of Gray’s initial EM was used,
which consists of six areas: (1) See, (2) Say and Do, (3) Think and Feel, (4) Hear,
(5) Pain, and (6) Gain [48].

It should be highlighted that most of the pains identified were related to the feeling
of loneliness that a student might feel while learning to code in an online learning
setting. Furthermore, they might feel that they have to make a great effort to achieve the
goals and learn to code. On the other hand, the gains were related to their satisfaction
with the results and the desire to share them with others.

User Journey. A User Journey (UJ) is a useful tool when a system is being developed
from scratch [49]. A UJ aims to show, step by step, the interaction that users do while
using the service or the product, describing emotions and reactions in each touchpoint.
UJ usually considers the interaction that occurs before, during, and after using the
service [50]. In this project, two UJ were built, focused on students and teachers (Fig. 2).
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Empathy map

User Journey

Blueprint

1st iteration

User personas
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1st iteration
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MVP

CodeLab early version
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CodeLab new version
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SUS

Cognitive walkthrough
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Fig. 1. Design process and methods.
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Each UJ arose some specific opportunities that CodeLab could bring. From the
students’ perspective, four initial opportunities were identified: (1) a bar to show the
learning progress of the student, (2) exercises tagged by type and difficulty, (3) a space
to communicate with teachers and peers, and (4) a space to provide feedback. On the
other hand, from teachers’ perspective: (5) notification widget, (6) import and write
new exercises, (7) Statistics to identify the most common errors, (8) provide enriched
and contextual feedback.

Blueprint. A UJ can be implemented with a blueprint method. This method adds more
detailed information to the user interactions, identifying the artifacts that need to be
developed to provide a good user experience [51]. Some artifacts and features were
listed to be integrated into the CodeLab tool.

Prototypes and Minimum Viable Product. A Minimum Viable Product (MVP) can
be understood as an experimental object that enables designers and developers to
empirically test the value hypotheses [52]. That is, a tool to collect users’ feedback to
improve the product or service [53]. Thus, this MVP must address the needs of the core
group of users [54]. Taking into account the outputs of the methods mentioned above,
different prototypes were built. Prototypes evolved from wireframe to mockups, and
finally, a navigational prototype was designed. This navigational prototype ended as a
MVP that was internally evaluated by experts.

The second iteration of the process was based on the results of the first one. First,
the user personas defined in the previous iteration were redefined. As a result, two
different archetypes of learners were identified and defined (Fig. 3).

Fig. 2. Students’ User Journey created during the co-creation workshop
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During the first iteration of the design process, the need to provide a broader view
of the student experience was identified, from the information gathering phase to the
completion of the course. In this regard, a new UJ was built, taking into account the
five phases that a UOC student follows. In each phase, different touchpoints were
identified (Table 1).

In addition to the specific design opportunities identified, through the two iterations
described above, it was also possible to identify a set of findings (F) about the students’
main concerns in the whole process that they carry out during the course. These
findings are listed below:

• F1. Students think the course contents and skills to be acquired are too complicated
and sometimes do not know how to get started

• F2. Students miss being able to practice in the company of their teachers and peers
• F3. Students perceive an excessive workload, and it is often difficult to organize

themselves
• F4. Students are overwhelmed by the frequency of activities submissions and find it

difficult to organize their work
• F5. Students perceive an excessive workload, and it is often difficult to organize

themselves

Fig. 3. The second version of the User Persona.

Table 1. Phases and touchpoints of the second UJ.

Phase Touchpoints

Course registration Course information, recommendations
Onboarding Welcome, learning plan, and study guide
Methodology Syllabus, learning resources, tools and programming environments
Support Communication, mentoring
Evaluation Evaluation criteria, feedback
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• F6. Students feel that it is difficult to communicate with their peers and the teacher
due to the high number of students

• F7. Students believe that the forum of the course is underutilized
• F8. Students feel they cannot make enough progress as they do not have direct

feedback.

3.2 Conceptualization and Design

During the first phases of the design process exposed in Sect. 3.1 and the literature
research presented in Sect. 2, different findings (F) and design goals (DG) were
identified. In the generation phase of the project, design features (DF) were set, taking
into account the findings and design goals (see Fig. 4).

These design features (DF) are detailed below:

DF1. Laboratory-Based Environment. Providing students with a platform to prac-
tice programming follows the idea of providing them with a programming laboratory.
However, mirroring the dynamics that occur in a face-to-face laboratory to an online
environment can be challenging. The CodeLab experience is designed to give learners
a feeling of being in a face-to-face laboratory, where they can practice while interacting
with their teachers and peers. Thus, the workspace organization and design are a crucial
feature to be addressed. In this regard, CodeLab’s interface brings together diverse
elements that a student might expect from a practice lab (see Fig. 7): (1) a contextual
navigation with information about the exercise, (2) information about the progress,
(3) an area to write code, (4) an area to visualize code execution, and (5) an area to
share the experience with peers and teachers. Even so, it is important to allow learners

F1
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F3

F4

F5

F6

F7

F8

DG1

DG2

DG3

DG4

DF2

DF3

DF4

DF1

Findings Design Goals Design features

Fig. 4. Relation between findings (F), design goals (DG) and design features (DF).
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to adapt the interface to their needs at any given moment. Thus, CodeLab’s pro-
gramming screen is designed to be adaptable to the students’ needs, being able to
minimize some of the previously mentioned areas (see Fig. 5).

DF2. Challenges and Activities. Learning to code is not just about doing specific
activities. The acquisition of programming skills might transcend the fact of solving
individual activities and be based on practicing a group of them. In this regard,
CodeLab classifies activities into different challenges designed by teachers. These
challenges ensure that students will get the knowledge when they finish them. Fur-
thermore, the platform must be sufficiently flexible to allow students to guide their own
learning process, allowing them to go into more or less depth on the topics they find
necessary. In this sense, it was decided to provide all the activities in each challenge
openly and not to block some of them depending on the evolution of the student,
fostering their autonomy.

However, in order to facilitate a learning path to students, activities are classified
according to two different criteria: difficulty and type of activity. First, teachers indicate
difficulty in the three-point Likert scale, one of the easiest and three most difficult ones.
Secondly, in order to balance the autonomy and the assessment of their studies,
exercises are also tagged to whether they are “recommended”, “complimentary”, or
“assessment” (see Fig. 6).

Fig. 5. Lo-fi wireframe of CodeLab’s programming screen.

Fig. 6. Lo-Fi wireframe of the classification of activities according to their difficulty and
typology.
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DF3. Learning Awareness. A platform focused on practicing should include design
elements that allow students to be aware of their position on the learning path. These
features were structured hierarchically, from each challenge and activities’ progress to
the course’s general progress. Regarding each exercise’s progress, a progress bar was
designed to be shown on the screen where they practice (Fig. 7). This progress bar shows
the progress of the exercise divided into different steps that have been set by teachers,
allowing students to mark their own progress and add personal notes in each step.

On top of that, students can see their general progress from the CodeLab homepage,
where they can see at a glance what their overall progress is and access each challenge
and activity directly (Fig. 8).

DF4. Scaffolding and Collaboration. During a self-paced practice-based learning
process, students are expected to carry out a significant number of editing and com-
pilations before submitting the activity. At this point, it is important to mention the
educational settings where CodeLab will be used. During the course, students must
submit some assessment activities on specific dates, which are part of the continuous

Fig. 7. Lo-Fi wireframes of the progress bar in the activity screen.

Fig. 8. Lo-Fi wireframes of CodeLab’s homepage.
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assessment grade. Thus, between these submission dates, students are expected to
practice autonomously. In some cases, students might feel that they do not receive
feedback until the task is done and submitted, making it challenging to understand the
problem [20]. In this regard, taking into account a commonly used feature in Integrated
Development Environments (IDEs), it was decided to include feedback to the students
when they compile the code, highlighting the line or lines where the error is.

4 Development and Evaluation

CodeLab was designed, developed, and implemented at Universitat Oberta de Cata-
lunya (UOC), an entirely online higher education institution based in Barcelona
(Spain).

4.1 Development

CodeLab was conceived as a laboratory-based tool potentially connectable to any
learning management system (LMS). To do that, it was developed using the IMS LTI
standard [55]. To achieve this laboratory-based environment, wireframes that were
designed emphasized the idea of providing learners with a single space where they
could find all the resources they would find in a face-to-face laboratory. Once the
wireframes were evaluated by experts (interaction designers and programming teach-
ers), they were evolved into mockups that embraced UOC’s style guide look and feel
(Fig. 9). From a technical point of view, the development of the interface is based on
the VueJS framework, the back-end is based on Java SpringBoot, challenges and
activities are stored on a MySQL database and learner progress and submitted activities
are stored on a GitLab.

As explained in Sect. 3.2, one of the key features in this CodeLab version was to
show activities classified by challenges to foster learners’ exploration. In this sense, it

Fig. 9. CodeLab’s screen to practice coding.
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was decided to show the level of difficulty and the activity type. In addition, it was
decided to add a progress bar in each activity to facilitate students to be aware of their
learning progress. Figure 10 shows how these activities were shown after the visual
implementation.

Another key aspect of fostering learners’ autonomy is the progress bar shown in
each activity. This bar is divided into two parts, the first one is where the learner can
see each step of the activity and mark it as completed, and the second one is the space
where personal annotations can be made (Fig. 11).

Due to the project scope, the communication functionality was postponed for the
next development iteration, and students used the classical communication channels
provided by the UOC’s virtual campus.

4.2 Evaluation

The evaluation of this functional version of the tool was based on different design
methods with different participants to evaluate the design and development of the
platform (see Table 2).

Fig. 10. List of activities in CodeLab.

Fig. 11. Progress bar into each activity screen.

Table 2. Evaluation methods and participants.

Method Type Participants

Cognitive walkthrough Remote test Teachers and experts
System Usability Scale (SUS) Remote questionnaire Students
Usability test Remote test Students
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Cognitive Walkthrough (CWT). A CWT is a design method to inspect the usability
of a platform proven to be useful for identifying problems with navigation and
information search into the platform [56]. Through this method, participants are asked
to perform different tasks and answer four questions in each task [57]:

• Q1. Will the user try to achieve the right effect?
• Q2. Will the user notice that the correct action is available?
• Q3. Will the user associate the correct action with the effect that the user is trying to

achieve?
• Q4. If the correct action is performed, will the user see that progress is being made

toward the task’s solution?

A total of 6 evaluators performed 10 tasks and sub-tasks on the CodeLab platform
and answered these questions. There were three tasks with a rate of success lower than
50% (see Table 3). The feedback that participants provided in each of these tasks arose
some usability issues that needed to be addressed:

• Task 2. Enter a complementary activity of the “Challenge 2’. Participants who
failed in this task indicated that it was challenging to interpret the tag that indicates
the type of exercise.

• Task 2.1. Read the activity. Close the statement and open it again. All the
participants who failed this task agree that it was difficult to understand how to open
the exercise again. Some of them suggested that the icon should be more precise.

• Task 4. Do steps 1 and 2 of activity 1.21. When finished, mark the progress in
the progress bar and save the activity. Some of the participants who failed in this
task explained that the steps were not visible enough and how to mark the progress
should be improved.

• Task 4.1. Save the activity. Close it and go back to CodeLab’s homepage. The
main problem in this task was related to the closure of the exercises. All the
participants expressed that they did not know how to close it. Furthermore, there
was a problem when going back to the CodeLab’s homepage because some did not
know how to do it.

Table 3. Percentage of success of the tasks in the cognitive walkthrough

Task Q1 Q2 Q3 Q4

1 100 72 75 100
2 69.23 46.15 63.64 77.78
2.1 75 33.33 63.64 90
3 91.67 71.43 81.82 58.33
4 75 40 66.67 72.73
4.1 41.67 50 50 50
5 84.62 91.67 91.67 91.67
5.1 83.33 83.33 83.33 91.67
5.2 75 83.33 75 91.67
5.3 91.67 75 75 81.82
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System Usability Scale (SUS). The SUS questionnaire is widely used for evaluating
the usability perceived by participants [58, 59], providing a general overview of the
usability of the platform [60]. Participants are asked to answer 10 5 Likert-scale
questions after having used the platform [61].

The result of SUS was calculated (1) and resulted in an average score of 84.69 (see
Fig. 9), which is an acceptable score in terms of usability [62] (Fig. 12).

SUS ¼ 2:5 20þ SUM SUS01;SUS03; SUS05;SUS07; SUS09ð Þ � SUM SUS02; SUS04;SUS06; SUS08;SUS10ð Þð Þ
ð1Þ

However, since the SUS method was designed to be an additional method to
complement objective methods [63], remote usability tests were also performed with
users.

Remote Usability Tests. A total of 8 students were asked to perform 6 tasks and sub-
tasks on the CodeLab platform. During this test, the moderator asked the participant to
carry out predefined tasks on the CodeLab platform. This process was captured to be
later analyzed quantitatively and qualitatively. Firstly, two of the metrics proposed by
Harrati et al. in [59] were used: Completion rate and task duration. Secondly, the
moderator took notes about the reactions and comments of the participants while
performing the task. The tasks are listed below:

• Task 1. Enter the CodeLab tool with your user and password. Take a look at the
first page. Open the recommended activity named “Activity 1” and go back to
CodeLab’s homepage.

• Task 2. Enter the complementary activity named “Activity 2 – Automats”. How
would you close (hyde) the activity statement? Once it is closed, how would you
open it again?

• Task 3. Solve activity 1.5b. Save it and be sure it has been appropriately saved.
• Task 4. Solve steps 1 and 2 of activity 1.21. When finished, mark the progress in

the progress bar and save the activity. Go back to the home page.
• Task 5. Enter again activity 1.21 and add a comment.
• Task 6. Do the two last steps of exercise 1.21 and check that it works. Mark it as

completed Do the two last steps of activity 1.21 and check that it works. Mark it as
completed and save it.

0

50

100

P1 P2 P3 P4 P5 P6 P7 P8

Sc
or

e

Participant

Fig. 12. Results of the system usability scale
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Results showed that 50% of the tasks were finished by all the participants (see
Table 4). Task1, Task 2 and Task 4 did not achieve a 100% completion rate. Task 1
was finished by 50% of participants, and most of the participants had problems when
trying to go back to the CodeLab homepage, which made them fail the task. Fur-
thermore, 37.5% reported difficulties understanding the type of the activity. Task 2 was
completed by 75% of participants, 25% who failed did not know how to see the
statement of the activity when closed. Lastly, Task 4 was completed by % of the
participants, 37.5% of them did not pay attention to the exercises’ steps and did not see
them until the moderator indicated where to find them.

Regarding the average time they spent on doing the tasks, no issue was identified
since those tasks that took more time were the ones where participants had to do a real
activity.

5 Conclusion and Future Work

This work presents the design process of the CodeLab tool, a laboratory-based platform
that allows students to practice during a programming course at the Open University of
Catalonia. A key aspect of CodeLab is to convey a similar experience to what students
might get in a face-to-face laboratory. The learning tool was designed and evaluated
with experts, teachers, and students through a user-centered design approach.

Although some functionalities identified in the early design phases were postponed
to future iterations, a fully functional version of CodeLab was designed, developed and
evaluated in two different courses.

The results obtained from the design process and the evaluation methods provided
important information about the usability and user experience of the platform, pointing
to specific design requirements to be addressed. It is worth noting that, although some
areas of improvement were uncovered during the internal work process, carrying out
evaluation methods through a UCD approach facilitated obtaining detailed information
that otherwise would probably not have been possible to obtain.

First, the classification of each learning activity according to its difficulty and
typology needs to be more explicit to the user. The results in Task 2 of the CWT arose a
problem with the label used to classify each activity, and 37.5% of participants in the
usability test pointed to the same issue. Thus, the interface design should organize
learning activities in the general list of activities in a more visible way by revising the
graphic elements of the interface.

Table 4. Performance of each task in the test with users.

Task Completion rate (%) Average task duration (mm:ss)

1 50 01:53
2 75 01:20
3 100 04:36
4 62.5 07:01
5 100 01:23
6 100 02:16
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Secondly, an area of improvement was also identified in the progress bar of each
activity. Task 4 of the CWT, which involved the progress bar and steps of the learning
activities, had the lowest success rate in the CWT. Participants also expressed that the
progress bar and the steps were not clear enough on the activity interface. In this sense,
37.5% of participants failed Task 4 on the usability test, where they could not locate
activity’s steps. Hence, the progress bar must be redesigned in the next iteration of the
project.

Finally, in addition to improvements to the functionalities already implemented, it
is necessary to address the integration of a direct communication tool through the
platform itself to move towards a laboratory-based experience.

In conclusion, the importance of providing tools that facilitate practicing to learners
has been highlighted in this work, emphasizing the relevance in a context with non-
STEM students who need to learn to code. Designing, developing, and evaluating this
laboratory-based platform was a significant challenge that has been addressed and
achieved through a user-centered design approach, leading to a practice-based tool that
adapts to the learners’ needs, resulting in a good user experience and satisfaction.

Since the design goals presented in this work have been successfully addressed,
future work should further develop the idea of an online learning laboratory:-based
setting: developing analytics features that allow teachers to better support learners,
implementing a communication feature in CodeLab to foster collaborative practice
between peers and teachers, and improving the interface design of the platform. Since
the two first iterations have been centered on evaluating the platform’s development,
the following iterations must focus on the evaluation of the implementation to
understand the impact it might have on learners’ engagement and learning outcomes.
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Abstract. Designing a well-rounded, interesting and effective English language
curriculum is important in the context of EFL/ESL, but keeping students con-
stantly motivated and engaged in learning during the process is of equally high
significance in order for learning to take place. During the Spring 2020 aca-
demic semester, schools and universities around the world were forced to close
and move to online teaching and learning as a result of the coronavirus pan-
demic. In effect, instructors were faced with the newfound challenge of trans-
forming their face-to-face lessons into virtual lessons almost overnight. This
required the simultaneous utilization of multiple platforms in engaging students
both in synchronous and asynchronous learning. This qualitative case study will
present my reflections as an English language instructor, as well as my students’
reflections following their experience with online learning by discussing dif-
ferent uses of online tools for language tasks that were deemed interesting and
motivating for them. A thematic analysis of the data revealed overall positive
attitudes towards both the synchronous and asynchronous modes of learning
used in their English language course, with particular preference towards col-
laborative online learning.

Keywords: Online learning � Blogging � ESP � Collaborative learning �
Motivation � Engagement

1 Introduction

Motivating and engaging learners is paramount for learning to take place, and the
significance of motivation in language learning is highlighted in the literature. As
Alizadeh [2] posits, learners feel motivated when they have a goal and direction to
follow and in effect, motivation is of primary importance in language learning:
“Without desire to learn, it is very difficult for learners to gain effective learning;” […]
“motivated learners can learn language more effectively than unmotivated ones”; […]”
learners with strong desire to learn a language can obtain high level of competence in
the target language” [2]. Naturally, different conditions need to exist in order for
learners to feel motivated, such as knowing the aim of the activities they are under-
taking, participating in interesting activities, feeling responsible for participating in the
lesson and being offered opportunities for decision-making [2, 15].
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The teacher’s role is considered to be instrumental in fostering motivation and in
effect student engagement, and instructors often face the challenge of motivating their
students to engage and remain active throughout each lesson. More specifically, an
instructor should show excitement about the lesson, accept and stimulate students to
express their ideas, create a relaxing environment in the classroom where students can
enjoy themselves, present the learning tasks clearly in an inviting and motivating way
for students, and encourage learners with learning difficulties [6].

Keeping students motivated to learn becomes a bigger challenge when students
transition to online learning during a pandemic, since instructors do not have advantage
of non-verbal cues and facial expressions to help them communicate with their students
[12, 15]. Since March 2020, undergraduate students at the University of Cyprus have
been learning English exclusively online, which has involved participating in live
online lessons, undertaking online tests and quizzes, engaging in online collaborative
work, giving virtual oral presentations and taking their final exams online.

In this paper, I will present different online activities I employed to keep students’
interest and motivation to learn both inside as well as outside the virtual classroom.
Different activities will be presented that aimed at engaging students in collaborative
tasks through peer feedback, discussions, and exchange of opinions. The platform that
was used for the synchronous online lessons was Zoom, and the ‘Breakout Rooms’
feature was often utilized to group students into smaller teams and have them engage in
collaborative oral and written tasks. As far as the asynchronous component of the
course was concerned, students were required to blog through the Blackboard course
management system.

1.1 The Significance of Motivation in Learning

Motivating students to learn is a key factor in student learning and successful academic
performance. The literature cites numerous studies pertaining to the significant role of
motivation in learning, and language learning in particular. Gilakjani, Leong and
Sabouri [10] investigated the impact of motivation in foreign language learning and
teaching and highlighted the importance of motivation for successful learning to take
place; in particular, they described it as “the essence of language teaching, because of
the realities that most of our students face while learning English, such as lack of
sufficient language input in their environment, limited opportunities of interacting with
English learners, etc.” [10]. Ebata [8] also highlights the crucial role motivation plays
for learning to take place and for the constant engagement in learning even after a goal
is completed. More specifically, he posits that being motivated helps learners stay
positive about their learning, which encourages them to acquire the target language,
and enjoy the process along the way. Feelings of self-confidence, success and satis-
faction, as well as good communication between learners and the instructor are reported
as elements that develop motivation.
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In their study, Gilakjani et al. [10] presented three levels of motivation: finding
learner’s passion, changing learner’s reality, and connecting to learning activities.
Naturally, the instructor’s role is acknowledged as highly instrumental in all the stages
of the motivational process. First of all, in helping learners find their passion,
instructors have to select material that is interesting to their students’ profiles, such as
age, background, current trends. When learners can relate to the content that is brought
into the classroom and they realize that their instructor does not approach them only as
language learners but as people as well, then the level of motivation, and in effect of
engagement in the lesson will be higher.

Changing the learner’s reality is the second stage in the motivational process.
English language learners often do not have enough opportunities to practice the
language in the classroom, since time restrictions do not allow them to practice suf-
ficiently. In effect, changing this reality can be achieved with the instructor offering
more opportunities to learn, practice, and keep contact with the language outside the
classroom, and allowing learners to make choices about learning. Some ideas offered
by the researchers relate to making different multimedia learning sources available to
learners, such as audio and video content, self-access quizzes, games, etc. [10].

Finally, the third level of motivation, which refers to the connection to learning
activities, can be achieved by ensuring each learner is engaged in the task; for instance,
collaborative learning could be one way to help students be more engaged and active in
a task.

As discussed above, collaboration between students is one of the methodologies
that are believed to help students stay motivated and engaged in a task [9, 15, 18]. More
specifically, McConnell [15] conducted extensive research on the impact of collabo-
ration on learners’ enhanced motivation and engagement in learning. According to the
researcher, working together enables learners become more active and responsible in
their own learning rather than being passive recipients of knowledge, since they put
more effort to perform at their best and contribute to the group.

Online collaboration is also claimed to be beneficial in learning as well as in
enhancing learners’ motivation. Students can engage in online collaboration in different
ways both asynchronously through a variety of Web 2.0 tools such as wikis, blogs, etc.,
and synchronously by working together to either produce a piece of writing on a shared
online document, or by engaging in group discussions during the virtual lesson.
According to Buchem & Hamelmann [4], university students working with different
Web 2.0 tools such as wikis, blogs and microblogs to practise their writing and
speaking skills reported feeling more confident about using the tools, and they felt that
working with their classmates online was easier.

2 The Current Study

During the Spring 2020 semester, the Covid-19 pandemic forced the entire university
community to close and the English courses have been delivered online since then.
While an online asynchronous component had already been incorporated in my courses
through the Blackboard Course Management Platform, which enabled me to com-
municate with my students and keep them active in learning outside the classroom, the
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face-to-face meetings with students had to also be replaced by live online sessions.
I then started to read and consider new ways to design my online learning tasks, while
keeping the students’ spirit and motivation alive during these uncertain and stressful
times [6].

First, I needed to help my students find their passion by examining their interests
and select suitable materials that would make them want to participate stay interested in
each lesson by taking advantage of all the media available to me both synchronously,
as well as asynchronously [17]. I carefully selected video material, in particular TED
talks, which dealt with fun, interesting and relevant topics, pertaining to my students’
age and field of study. Language learning tasks such as academic vocabulary drawn
from the videos, as well as comprehension and critical thinking questions were
extracted from the speeches, in order to help the students delve more deeply into the
content of the videos.

In order to change the learners’ reality, since they would not have any face to face
interactions using the language, I decided that the asynchronous tools I used would
need to be further reinforced in order to encourage more student engagement outside
the virtual classroom [14]. Kelly, Baxter & Anderson [12] and Vurdien [21] suc-
cessfully integrated asynchronous online tools in their classes to help students practice
their writing skills, which helped them become more motivated by being engaged and
active in the learning process through the exchange of online peer feedback. So, I
added a blogging link on my Blackboard platform and added more listening and
writing tasks for students’ further practice outside the lesson, which will be described in
more detail in the next section.

Finally, to help students connect to the activities, I set up several opportunities for
them to collaborate online, both during the live virtual lessons, as well as asyn-
chronously through the blog, and made sure they receive constant feedback for their
work, both from me as the instructor, as well as from their peers [15]. The specific
online tasks will be explained in more detail in the next section.

3 Methods

The current study can be described as a qualitative case study [22]. I, as the practitioner,
implemented new activities in my teaching through the utilization of online tools with
the aim to enhance my learners’ motivation and in effect improve their experience
during online education. The data used was collected through students’ anonymous self-
reflections they posted on the blog at the end of the semester as well as from my personal
observations and self-reflections recorded in the form of a journal following each group
task during the course of each semester. The data was analysed using a thematic analysis
of the students’ reflections across the two LAN 201 sections, which were posted
anonymously through each group’s blog at the end of the semester and provided the
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students’ perceptions towards the online nature of the course. Common patterns were
identified among the student responses and these were then categorized into different
themes based on Braun & Clarke’s model [3].

3.1 Participants

The participants of this study were three groups of a total of 59 undergraduate students
studying at the University of Cyprus. One group consisted of 22 first-year Cypriot
students registered in the LAN 101: Academic English course in the Summer 2020
semester (June-July 2020), 14 female and 8 male students, 18 and 19 years of age.

The remaining two groups consisted of 37 students who were second-year students
registered in the LAN 201: Business Communication for Management course in the
Fall 2020 semester. The students were young adults of approximately 19 years of age,
from Cyprus and Greece, 24 female and 13 male students.

The LAN 101: Academic English course is the second level, academic English
course the majority of students from a variety of departments is required to take at the
University of Cyprus as a language requirement for their degrees. The specific course
aims at further developing students' reading, listening, speaking and writing skills they
were introduced to during their first semester, which will help them effectively perform
within an academic context. The majority of the students registered in the section I
taught during the Summer 2020 semester (June-July 2020), were from the department
of Mathematics and Statistics.

The LAN 201: Business Communication for Management course is a third-level
English course that the students in the department of Accounting and Finance are
required to take as part of their degree’s language requirement, as well as students from
the Business Administration department, who choose it as an elective course. It is an
ESP (English for Specific Purposes) course that focuses more on developing students’
reading, listening, writing and speaking skills as well as vocabulary pertaining to the
business and finance world [17]. ESP courses differ from general English courses with
respect to their focus on the learners’ specific professional needs. Therefore, ESP
instruction takes both the learner and the learning context into account [5].

3.2 Synchronous Learning Tasks

Synchronous communication refers to the mode of online communication that takes
place in real time [11]. During the summer semester, the lessons were held twice a
week, for 3 h per session, and the duration was 7 weeks, as it was an intensive summer
course. In the Fall semester, the lessons were held twice per week, for 75 min in each
session for 13 weeks. The Zoom platform was used to meet the students synchronously
for both semesters. The ‘breakout rooms’ feature was used in every lesson for a few
minutes, which allowed the students to meet, interact with each other and collaborate.
Through this tool students were divided by the instructor into individual rooms, each
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one consisting of 3–4 students and they were asked to engage in collaborative tasks.
This also enabled them to get to know each other more since all their courses were
taking place exclusively online by that time; therefore, they had no physical contact
with their classmates, but only met through their online sessions.

One activity that students participated in was watching videos, particularly TED
talks, and engage in discussions or debates within their groups, delving further into the
topics tackled in the talks, in addition to specific vocabulary they encountered in the
videos. Some examples of videos chosen for the LAN 201 course pertained to what
makes them more employable, what makes a good manager, effective time manage-
ment, and advertising. Since these topics were specific to their field of study, students
had the opportunity to be exposed to experts in their field discussing issues relevant to
their interests.

Another example of a collaborative activity the students of the LAN 201 course
engaged in through the ‘breakout rooms’ related to the topic of advertising. In the
process of students being exposed to the topic of advertising, they watched videos and
engaged in readings relating to the specific topic, learning the different advertising
techniques advertisers use to attract customers. As a group task, students were divided
into different rooms on Zoom, each consisting of 3–4 students, they were asked to
select an online advertisement or commercial and analyse the advertisement by iden-
tifying the different advertisement characteristics we had discussed in the lesson (e.g.
advertising techniques used, target audience, purpose of the ad, graphics, etc.). Then
they put together an impromptu presentation by sharing their advertisements to the rest
of the class and analysing them for everyone. During their discussions and prepara-
tions, I visited each group and monitored their work. I ensured that all the students
participated and exchanged ideas and were involved in the task, as each member of the
group was required to present one aspect of the advertisement.

3.3 Asynchronous Learning Tasks

In addition to the virtual classroom, students also engaged in blogging asynchronously
in order to keep in contact with the course content and with each other and continue
practicing outside the lesson. Asynchronous online communication does not require the
real time participation of the instructor and learners; tools such as blogs, wikis, forums,
and email are tools that facilitate asynchronous communication, which can take place at
the participants’ own time and place [11, 20]. Through the blogging feature of
‘Blackboard,’ students worked on different writing tasks where they engaged in peer
feedback, watched videos, commented on the content and expressed their opinions, and
they also engaged in reflective writing. The blog was private, which means only the
registered students in each group and myself had access to the blog and the students’
posts.
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Students in the LAN 101 group were required to write an opinion essay and share it
on the class’s blog on Blackboard, and as a follow-up task they were required to choose
2 of their classmates’ posts and comment on their essay by following a list of criteria
for effective opinion essay writing that I had previously shared with them. By following
the specific criteria, students were able to offer more constructive feedback to their
peers and at the same time self-reflect on their own writing as well [18] (see Fig. 1
below).

One of the writing components of the LAN 201 course related to professional email
writing. So, in addition to the in-class practice students had in evaluating professional
business emails and producing their own, they were also required to write an email on a
specific topic given to them and post it on the class blog. As a follow-up task, students
were required to choose two of their classmates’ emails and evaluate them based on
specific criteria (see Fig. 2 below).

Fig. 1. Peer feedback task on opinion essay writing task on the blog

462 A. Kleanthous



Another example was a listening task the LAN 101 students engaged in on the
blog, where they had to watch two videos on the selfie culture and answer questions
related to the topic discussed in the video and also share their own views on the topic in
the form of comments below my post (see Fig. 3).

Fig. 2. Peer feedback on email writing on the blog

Fig. 3. Listening and discussion task on the blog
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These types of activities allowed students to remain active and keep in touch with
the language outside of the classroom while at the same time engage in tasks that
enhanced their critical thinking skills and offered them opportunities to express their
opinions in writing using the target language. By evaluating their peers’ work and
offering feedback, they also became more responsible and active in the learning process
rather than assuming a more passive role in learning [6].

4 Results and Discussion

Overall, it is suggested that online tools offer many possibilities that can assist
instructors in keeping students motivated and for learning to take place, even during a
pandemic when students feel isolated and are deprived of the social aspect of learning
that they enjoy while being in the classroom [13, 14, 16]. Students need to keep
constant contact with the language, both during the lesson as well as outside the virtual
classroom, since they have limited opportunities to keep in touch with the language,
particularly during this time. The combination of both synchronous and asynchronous
modes of learning assisted students stay active in learning, as well as stay motivated
and interested in the lesson since they felt connected to both the instructor and their
classmates [11, 13].

One way that helped students remain active and motivated in learning in the current
study was the frequent collaboration with peers and constant interaction with the
instructor, as well as the engagement in tasks that afforded them the feeling of
responsibility in learning, both synchronously in the virtual classroom, as well as
asynchronously [10, 14].

It is worth noting that the tasks students had to complete asynchronously were not
part of their overall course assessment, but they were considered as part of their
homework and overall class participation, which counted for 5% of their overall grade.
Despite the fact that they would not receive a grade for the asynchronous blog and
individual tasks, the majority of students completed the tasks. More specifically, 32 out
of 37 students in the LAN 201 sections completed the email writing blog tasks (see
Table 1) and 15 out of the 22 students completed the opinion essay writing blog task in
the LAN 101 course (see Table 2).This may suggest that they had more intrinsic
motivation for learning (i.e. to experience joy and satisfaction in doing an activity)
rather than extrinsic motivation (e.g. to receive a course grade) in completing the
assigned tasks [7].

Table 1. LAN 201 student participation in blog tasks

Email writing
task

Peer editing of email writing
task

Reflective
writing

LAN 201.1 (n = 19) 15 13 17
LAN 201.5 (n = 18) 17 13 15
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It is also interesting to note that students participated more on the blog tasks that
involved collaboration through peer feedback rather than the individual blog tasks (e.g.
video blog task), which reinforces their responses that reveal a more positive attitude
towards group work, both in synchronous, as well as asynchronous tasks (see Table 2).

At the end of the semester, the LAN 201 students were asked to reflect on the
course through the blog and post anonymously their thoughts on the online course, by
discussing both what they liked and found interesting, as well as what they disliked
about the course. They were asked to post their reflections in the comments' section
below my own post. The commenting feature provided the choice for students to
decide whether they would post their comments anonymously or not, and this option
was offered to them in order to ensure honest feedback on the course. Most students
posted their comments anonymously, while a few students chose to have their names
revealed. A total of 32 out of the 37 students posted their reflections and 20 of these
posts were shared anonymously. The extracts used in this paper were chosen from the
anonymous posts.

Students overall showed a positive attitude towards the online version of the course,
and even though they stated that they would prefer to have to course face to face, they
nonetheless enjoyed it, as they felt they were introduced to useful and interesting
topics, and they had the opportunity to collaborate and get to know their classmates.
Following a thematic analysis of the student reflections, the following themes emerged
from the data:

a. Group work/ expression of ideas
b. Accessibility of course material
c. Use of multimedia
d. Feelings of achievement.

Extracts of some of the comments students posted anonymously are indicated
below:

a. Group work/ expression of ideas

“This course was an enjoyable course. We had the chance to cooperate with our fellow students
and do assignments together.”

“I really liked the breakout rooms and the cooperation that the course demands.”
“You helped us adapt easily to these conditions and to get to know each other through
teamwork to feel more comfortable with each other.”
“ In my opinion, the best thing was the breaking rooms, as you had the chance to collaborate
with different people every time and have at least an online conversation with them.”

Table 2. LAN 101 participation in asynchronous blog tasks

Discussion task
(lead-in to
video)

Video
blog
task

Opinion
essay writing
task

Peer feedback on
opinion essay
writing

LAN 101.2 (n = 22) 15 7 15 15
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“I loved the fact that you divided us into teams and we were able to feel like we were in a
classroom by working in teams.”

b. Accessibility of Course Material

“Also, it was very helpful that class material was divided into weeks.”

“Also, the class materials with the solutions in every lesson was very helpful, because if
something was go wrong and you don’t write something you can find it then later.”
“…and all the information was easily accessible.”

c. Use of multimedia

“Also, I really liked the different videos with talks we saw, where people from business talked
about their experiences in their field.”

“…and the multimedia which has used in the lessons (PowerPoint, videos) was very
interesting.”
“…the videos were interesting because of their content.”

d. Feelings of achievement

“Also I’ve learned a lot of useful things…”

“I think this course was helpful because we learned new things that we will need in the future.”
“I learned a lot of interesting and important things.”
“I gained a lot of experience from online lessons and creating content (presentation) only from
the internet.”

Instructors can take advantage of the different online tools that are available and
deliver their language activities in an enjoyable and interesting manner that will keep
students' interest alive and more importantly, their motivation to learn. The combina-
tion of both synchronous and asynchronous tools for collaboration, according to my
findings, can be effective in helping students stay in touch with the language constantly,
socialize with their peers and interact with the instructor in real time, while at the same
time have the time and space to process their work outside the classroom before they
submit their tasks through the blog.

4.1 Limitations

A limitation of the synchronous online collaboration through the breakout rooms was
the fact that I could not monitor the groups at the same time and I had to visit the
groups one at a time, which meant that I could not effectively oversee their discussions
and each member’s contribution for every task.

466 A. Kleanthous



5 Conclusion

Overall, students reported positive attitudes towards the tools incorporated in their
online learning experience. Only one student remarked that even though they liked the
collaborative tasks through the breakout rooms, they felt that it was not necessary for
them to undertake such tasks every lesson. Also, two students in one of the LAN 201
groups stated that they did not enjoy the online team work, as they preferred to work on
their own.

Even though the transition to online learning was sudden and not their choice,
students stated that they had enjoyed the course and particularly the group tasks they
were asked to complete during the synchronous sessions, since they saw that as an
opportunity to meet and interact with their classmates, easily communicate with their
instructor, use the language in real time, while they also reported that they enjoyed the
videos that they had watched and discussions they had engaged in. Instructors can
combine different tools in their online classes and offer several opportunities to learners
to use the language in a motivating and interesting way to them so that they can remain
constantly engaged in the course and ultimately, learn.
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Abstract. In this paper we investigate status and trends in the pedagogy of
Computational Thinking (CT), in Scandinavia and Eastern Asian countries.
A more detailed comparison is drawn between two specific countries: Denmark
and Taiwan. Combining a literature review on official information about the
implementation of this new subject in schools, interviews with experts and
practitioners, we identify core aspects in the pedagogy of CT across sociocul-
tural differences, such as: the role and relation between formal and non-formal
learning, the relation between CT and other school subjects, coding as an
unavoidable part of CT as a subject, the tendency to adopt and adapt globally
shared materials originally imported from the North American educational
discourse. We also noticed that in Danish primary and secondary schools,
current orchestration strategies in CT-related learning activities tend to leverage
hands-on tinkering, peer-learning, and collaborative/group-based problem-
solving; similar strategies are adopted in Taiwanese clubs. In this respect, we
identify a lack of support for group work in existing e-learning tools for coding.
Our main contribution is the definition of a scenario and requirements for a new
class of e-learning tools, capable of supporting group-based CT learning
activities across different culture. We are currently organizing a series of
observations of the teaching practices of coding within CT, in cooperation with
our network of contacts in Taiwan and Japan. Future work involves the
development of a prototype of the new e-learning tool, iteratively, involving
experts from Scandinavia and East Asia.
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1 Introduction

Computational Thinking (CT) [10] has recently seen a nearly universal recognition
globally [3] and school systems across the world are at various stages of implementing
new curricula including digital literacy, ICT and CT as core subjects. Our study has the
double goal of gaining an understanding of the emerging pedagogy of CT as a new
school subject from a global perspective, and what are the consequences for the
development of e-learning tools that could be applicable across different countries and
pedagogical practices.

We start by looking at existing definitions of CT, to appreciate the complexity of
finding a common, globally shared, practical definition; this problem stretches from
primary schools to higher education. We proceed with a preliminary case study on a
comparison between East Asia and Scandinavia, focusing on Denmark and Taiwan, as
examples of different pedagogical practices potentially embodying different sociocul-
tural values and needs. The comparison is based on literature reviews [3, 4], interviews
[2], and dialogue with local researchers. Our interests for these specific countries
emerged from noticing overlapping sociocultural factors, such as: relatively compa-
rable (i.e. small) size of the country, advanced digitization of their society, both
committed to implementing CT in their school curricula, and both influenced by North-
American advancements in CT and in digital innovation. Our preliminary findings
show similarities between the approaches to CT of the two countries, in relation to the
importance of the social aspects of learning and the relevance of coding as a central,
hands-on activity in CT practices. We are aware of the distinction between coding and
programming [9], and we agree that coding is the activity of converting instructions
from human form to a code runnable by a machine, while programming is often taken
to include a larger scope and involves also other activities in software development
(e.g. planning, debugging, testing, deployment, etc.). Coding is therefore part of pro-
gramming, and programming is considered an important 21st century skill, providing
an advantage in the job market to technical and humanistic graduates [11]; however,
programming is not yet a primary school subject, not in Scandinavia nor in East Asia.
Furthermore, in the discussion about the nature and definition of CT, it is typically
agreed that CT should not be considered simply a programming curriculum for pupils.
So we propose to consider coding as a challenging but unavoidable and highly
desirable part of CT. We decided, therefore, to analyze existing e-learning tools for
coding, targeted at our target group, and look at them through the lens of learning
theories such as constructivism, Vygotsky’s Zone of Proximal Development [22], and
peer learning more in general. We found that existing IDE for young beginners are
designed with a single user in mind: this might not support adequately current the
orchestration strategies for CT that we have found in our case study, which typically
leverage forms of peer-learning and collaborative problem-solving. The main contri-
butions of this paper are, therefore, the identification of a lack of support for group
work in existing e-learning tools for coding, targeted at primary schools; and the
definition of a scenario and requirements for a new class of e-learning tools, capable of
supporting group-based CT learning activities across different culture.
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The rest of the paper discusses the complexity of finding a definition for CT
(Sect. 2) and the theoretical work we used to look at CT in this study; Sect. 3 intro-
duces our case study and our findings, that are further discussed in Sect. 4. Section 5
presents guidelines and specifications for the design of e-learning tools that better fit the
emergent needs of the pedagogy of CT. Section 6 concludes the paper.

2 CT – A Concept in Search of a Definition

CT has seen widespread and ongoing adoption both in Europe [5] and East Asia
(Kristensen 2020), hence their school systems are in various stages of implementing
CT into their school curriculums, focusing more specifically on the cases of Denmark
and Taiwan.

Our comparison among countries builds on a conceptual framework, informed by
existing complementary views of CT. The term CT was originally coined by Papert in
his book Mindstorms [2, 30] 30 years ago, but the definition and focus have evolved
over the decades. Papert [2, 30] originally envisioned the personal computer as a great
facilitator for assimilating knowledge of any kind, as the personal computer's adaptive
nature would allow it to be tailored to any individual interest, functioning as a catalyst
for intrinsic motivation. Papert laments the fact that computers were yet not powerful
enough to create fully engaging activities, but stating than when the technology is
sufficiently mature, it will allow CT to be integrated into everyday life [2]. Papert’s
definition of CT was to be able to use computers for everyday tasks, which could sound
already surpassed given the average computer skills of today’s pupils and students.

Current CT is clearly not yet mature and each country is trying to figure out how a
person becomes a computational thinker, and to cope with the lack of a widely agreed-
upon definition of CT, in this paper we follow Wing [10] and define CT as the ability to
solve problems algorithmically (i.e. in such a way that a computer could be used to
solve them). In this sense CT can be seen also as a problem solving method, supported
by computers and algorithms. Therefore, CT learners would need to understand how
data and information is stored and processed within a computer. A main challenge in
the quest for turning CT into a school subject is then to identify which set of skills and
knowledge should be possessed by citizens in the 21st century [4, 10, 29], to understand
the impact of digital and pervasive systems on society and their individual rights, while
being able to use the same systems in their daily jobs, without being IT professionals.
As automatic systems become more ubiquitous, the ability to understand and use those
systems will be paramount to become an effective agent in the present and future digital
world, not unlike reading and writing skills are today, as exemplified by the popu-
larization of the term digital literacy [29].

In our comparative study, we coped with this challenge referring to a simple
categorization of CT chore elements, designed and widely used for teaching CT
notably in the USA, England and Taiwan [5], which gives a general overview of the
different elements of CT, such as: decomposition, pattern recognition, abstraction, and
algorithms. Decomposition is the first step in the process of dividing a problem into
discrete parts. Each part can then be tackled individually, flattening the complexity of
the overall problem. Pattern Recognition is the second step, in which commonalities are
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identified, which could be repeating sequences, generalized categories or other simi-
larities observed in the problem. Abstraction is the third step, in which the solutions are
modeled and abstracted. A good CT solution should be general, solving multiple
problems of a similar nature and not merely the initial specific problem. The last step is
represented by algorithms, in which the problem is expressed as a series of steps
necessary to find the solution to the problem.

In conclusion, a universally accepted definition of CT is still missing, and each
country is adopting a customized blending of elements CT, referring to different
international and national sources [6]. Moreover, the practical implementation of CT in
primary school requires to consider more aspects than simply the core elements of CT,
such as: classroom orchestration, support for teachers’ competences, and development
of suitable textbook and online materials in the appropriate language.

2.1 Theoretical Framework

Since we are interested in the learning and pedagogy of CT in different countries, we
need to formulate a pedagogical lens to analyze and compare CT approaches. In this
sub-section we outline the theories that we adopt in our analysis.

Our study builds mainly on Vygotsky’s learning theory [22], which constitutes the
basis of constructivism, the approach also adopted by Papert [30]. Instead of focusing
on the transmission of knowledge from teacher to student, constructivism is concerned
with the process of the learner of gaining knowledge by exploring and applying
knowledge in a practical context acting with material toys or tools. As such con-
structivism sees meaning making as a qualitative, exploratory process [8], in which the
learner actively forms new connections with his or her own existing knowledge and
understanding, forming new and sharper understanding.

In Vygotsky’s theory [22], learning is seen as an inquiry-based process of
knowledge acquisition, instead of a one-way street, in which the teacher with eloquent
and succinct languages transfers knowledge from himself to his students. Learners are
seen in Vygotsky as independently engaging in their learning, participating in social
activities with peers and adults, who might provide support when the learners reach
their Zone of Proximal Development, defined as a natural boundary between what the
leaners can accomplish on his or her own, and what which he or she can understand
with proper facilitation [22]. The Zone of Proximal Development is delimited by pre-
existing knowledge of the learners and by the cognitive developments of young
learners, in relation to what they can understand for their age. In this respect, Vygot-
sky’s theory offered already a counterpoint to traditional learning theories, proposing
that the student actively builds meaning through a interplay with the teacher, leveraging
his or her own preexisting understanding as a foundation.

Vygotsky generally assumes that learners acquire knowledge through a dialectic
collaboration with their teachers [22]. However, this dialectic collaboration can be
extended to more experienced peers, hence leading to forms of peer learning. This
scenario is explored in theories of apprenticeship learning [23, 29, 31], which are
founded on Vygotsky’s theory and build on observations from craftsman apprentice-
ships. In apprenticeship learners are seen as engaging with peers and adult supervisors
in different social activities such as food preparation, which involve a goal not strictly
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related to learning, that would be the creation of a dish and the social enjoyment of it.
These activities involve also a set of material objects and tools, and the adult are in
charge in segmenting the activity at hand in smaller tasks with related goals, which
could be conducted step by step by the learners under supervision [23, 31]. When
encountering difficulties either adults or more expert peers will provide the needed
support. As the novice’s skills improve the experts will gradually remove themself from
the process, gradually enabling the apprentice to complete the activity on his or her
own [23, 31]. As such apprenticeship learning includes the principle of scaffolding
[31], where support from the experts is slowly removed and the overall learning goal is
to enable the apprentice to perform the activity independently in future occasions [23].
From the perspective of the Zone of Proximal Development, scaffolding aims to move
further the ability of the learners from what they can do with help, to full control on the
activity.

Apprenticeship learning highlights the importance of the physical learning envi-
ronment [23, 31], as resources for meaning making. At its core apprenticeship is
learning through practical application of skills and knowledge, in which peer-learning
is seen students have an ideal environment for questioning, evaluating and restructuring
existing knowledge [23]. This transformation of knowledge can happen as a result of
discussion between individuals explaining, or defending their own understanding and
viewpoints. In order for peer-learning to be effective, it can be argued that one of the
students should act as the expert, being slightly ahead of the other students but both
will learn and develop through the process [32].

Forms of peer learning are targeted by playful learning and gamification, according
to which learning can take place through facilitated play. Playful learning is seen as
fostering motivation, social engagement, and deeper forms of understanding in the
learners [13, 22]. According to Vygotsky, play enables children to develop superior
cognitive abilities, enabling them to go beyond their present reality, reflecting on the
consequence of hypothetical courses of action. In so doing, children start early to
practice forms of conceptual thinking [22]. Gee [13] argues that players create their
own affinity spaces, seen as imaginary realities defined by the players actions, mutual
interests, and the surrounding context.

Similar dynamics take place in the adoption of gamification, in which certain
structures from games are applied to learning activities, so to create an engaging
motivational reward structure to foster the learners’ motivation [14]. Gamification has
been applied to learning, but also teambuilding and innovation practice in professional
contexts, healthcare, and physical activities. Gamification takes inspiration from reward
structures developed from social competitive games, computer games and sports.
Therefore, central elements of gamification include social engagement, daily bonuses,
and streaks, a typical example would be virtual badges collected through a series of
quests while playing a computer game or a public leader-board showing the accom-
plishment of all participants [14].

According to our preliminary data, forms of playful learning and gamification are
being explored to create CT learning activities for primary and secondary schools, and
especially in the case of clubs.
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3 Case Study: CT Across Countries

This section describes the current status of the discussions and implementations of CT
as a primary and secondary school subject, in Scandinavia and East Asia.

3.1 State of CT in Scandinavia and Denmark

In Scandinavia all countries tend to work in close cooperation when global challenges
arise, and this is happening such as the global challenge of turning CT into a school
subject. In a commissioned report [5] about the implementation of CT in Scandinavia,
it is stated that Denmark, Sweden, Norway and Finland are all pursuing this complex
task, in similar ways, even if they are at different stages of implementation. More
specifically three approaches are identified in Scandinavia to the inclusion of CT in the
school curriculum: “a cross-curriculum strategy, accommodation in subject(s) already
being taught, establishment of a new, purposely-designed subject. […] Finland and
Sweden have adopted a blend of cross-curriculum and single subject integration,
where the strongest subject link - in terms of coverage and learning outcomes -
appears to be with mathematics.”. Instead Denmark and Norway adopted “pilot ini-
tiatives at lower secondary level” and they appear to “position CT within an elective
subject that has strong links to computer science, leveraging […] learning contents for
developing CT skills.”. Teachers’ training is also a central focus in all Scandinavian
countries, which have a tradition of defining frameworks for school subjects, but
leaving the teachers freedom in the micro-level management of contents in the actual
courses.

In Denmark CT has been implemented from the top, it has been pushed from a
political institutional level, starting recently in high school with a new course called
“Informatik” by the Ministry of Education [17]. Afterwards, CT experiment was
moved down to elementary school, where a large trial is currently being conducted
since 2019 and will finish in summer 2021. The aim of this trial is to test the inclusion
of CT in Danish schools as an independent course or within other courses. The new
primary school CT course is named “Teknologiforståelse”, which translates to
“Technology Understanding” [18]. The core competences of the new course (translated
from the official Danish documentation) include:

• Digital empowerment - critical investigation and understanding of digital artefacts
like apps,

• Digital Design - with focus on the design processes,
• Computational Thinking - where pupils must analyze, model, and structure data and

data processing,
• Technological skills - which include mastering computer systems, digital tools, and

programming.

So defined, the Danish school system considers programming, and not only coding, as
a skill to be included in Computational Thinking.

The implementation of the “Informatik” course is an interesting case: since it is a
more mature subject than “Teknologiforståelse”, but it represents a close relative and a
kind of precursor, a large amount of data is available about the deployment and
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challenges of “Informatik”. Compared to other courses within the Danish school
system “Informatik” is unique, as it specifies which pedagogical approaches should be
used in teaching its subject matter, not to the exclusion of possible other approaches,
but it is worth noting that in Danish education, such decisions are normally left to the
teachers’ discretion. Similarly, the choice of programming languages, software, or
other tools, to be used within the course, are also left to individual teachers, this
represents a more typical balance of responsibilities in the Danish school system.
Hence, Danish teachers are currently experiencing additional pressure than usual in
experimenting with CT, as they are given more rigid instructions from the political
level to teach an undefined subject, while not being experts themselves. In this respect,
an interesting challenge identified during the ongoing trial with CT is the competence
and knowledge gap between teachers and those who are developing the CT curriculum
[27]. In Denmark, a curriculum is usually defined in the form of lesson plans and
assignments, which teachers and schools can choose from, as a supplement to their own
lessons and assignments. However, in the case of “Informatik”, the curriculum is
reportedly formulated in a specialized IT language, which makes it hard for the teachers
to understand how to use and adapt the provided lessons plan to their needs.

Recent lockdowns of schools due to the Covid-19 pandemic has caused additional
challenges, as high school students and pupils cannot be followed as closely as usual.
Moreover, a reprioritization of subjects has led to focus on core subjects, such as
Danish, Mathematics, and foreign languages, with the penalization of lab-based sub-
jects, like sciences, art and design, and CT.

Besides schools, in Denmark CT is being introduced also through various types of
computer science clubs, where children can experiment with microcontrollers, pro-
gramming, 3d printers, and digital art after their classes. These clubs are volunteer
organizations financed by the municipality, which have become very spread in Den-
mark over the last couple of years. These clubs offer a variety of informal learning
activities in CT related topics, taught by expert volunteers from local education
institutions or from within the IT field. Hence, these clubs have often a strong profile
and can offer relevant insights for developing a CT curriculum.

Both in Danish schools and clubs, two main pedagogical approaches are used in
teaching the subject “Informatik” and in the “Teknologiforståelse” trial such as:
Worked Examples and Use-Modify-Create. In the worked example approach, a solution
is to show a solution to a problem, and to show the thought process behind its
implementation (as in [19] and [20]). Worked Examples are often produced with
multiple modalities in mind such as audio and visual, videos are extensively used as
these allow pupils to engage with the example at their own pace. Worked Examples
demystify the problem solving process, by showing the process itself in a step-by-step
fashion, and considerations of what goes into a design, which is not possible to show in
finished code or completed problem solutions, hence Worked Examples are especially
useful at early stages of skill acquisition, guiding the pupils step by step showing
theory and relevant examples saliently shown in the material [19].

The other pedagogical approach found in “Informatik” is Use-Modify-Create,
which was proposed by Lee et al. [21] as a promising pattern for teaching CT. In this
pedagogical approach we allow the students to first engage with a given product, for
instance a digital game or other interactive media, and afterwards to modify its code.
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This process could be informed by improvements the students wish to implement, after
having used the product and having noticed small bugs in the code. As the students'
understanding of the code increases, they can move from the modification phase to the
creation phase: first by implementing new features to the existing product and later to
create completely new products (as also suggested in the document from the Danish
Ministry of Education [17]).

CT experimentation in Denmark is taking place across educational contexts,
moreover, more data are available from high schools and the “Informatik” subject.
However, because of fundamental differences among high schools, primary schools and
clubs, a pedagogical approach which is highly successful in one setting might still need
adapted to another or might need to be discarded entirely. Therefore, it is difficult to
directly base a new CT course for elementary schools merely on the pedagogical
patterns that has worked for “Informatik” or in the clubs, which are typically informal,
participatory, and social. In conclusion, the current Danish and Norwegian trial is
providing data and observations that are needed to shed light on these issues. Inter-
estingly we are seeing that hands-on methods like Worked Examples and Use-Modify-
Create seem to emerge as widely adopted pedagogical approaches, in Denmark and
possibly in other countries attempting the same implementation of CT in schools.

3.2 State of CT in East Asian Countries and Taiwan

In order to gain insight into the development of CT in East Asia, a literature review was
conducted. The goal of the literature review was to show the current academic dis-
course around CT for each country of interest [4]. The focus was on smaller East Asian
countries, because they have more similarities with Denmark and the other Scandi-
navian countries: they are of rather comparable in size, they are striving to implement
CT following the North American effort, and they typically have a good level of
digitization of the society. As such we assume that they would be frontrunners in the
implementation of CT in schools, and that their approaches and contingencies would be
more comparable to the Danish context, as opposed to larger countries like China [4].

This review was compiled following a systematic literature review method, hence a
series of papers was selected and analyzed from prominent conferences within the field
of education with a clear focus on CT. We chose conferences held within the Asian
region, as these were more likely to include local studies than similar conferences held
overseas (a more complete list of criteria is presented in [4]). Table 1 shows a summary
of the data found in our review, based on our categorization and thematic analysis of
the papers.

The adoption of CT for the East Asian region is developing at a similar pace as in
Europe [5]. No government in the East Asian region is completely disregarding the
importance of information technology and we see an increasing focus on CT in the
area: even if not all country plans to directly teach CT or programming, they are all
working towards integrating digital tools in schools.

From our survey, the countries that seem to be of most interest for our study are
Hong Kong, South Korea, and Taiwan. In Taiwan CT has been already included into
the curriculum for grade 7 through 12; CT is taught for 1 h a week for the first two
grades and 2 h for the remaining 3 grades, initially focusing on coding, hence covering
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control structures, and data structures such as arrays and trees [15]. The official text-
book that is going to be used for CT in Taiwanese primary schools suggests the use of
MIT’s Scratch for the initial courses and AppInventor for more advanced grades.
Adopting MIT tools offers many advantages, they are high-quality and well-tested,
web-bases and freely accessible, moreover, it is easy to find many books based on the
use of such tools for both young adults and children. Hence, following MIT’s and
North American research appears to be regional as well as global trend.

Taiwan has seen, like Denmark, an increased focus on CT and other digital literacy
skills from the side of clubs. Moreover, many activities are currently conducted in
Taiwan, to connect CT teachers with IT experts and learning researchers. We are
cooperating with the “Mini Educational Game development group” (NTUST MEG1) at
the National Taiwan University of Science and Technology in Taipei, to plan further
collection of data and observations in-situ in the coming semesters. Thanks to our
network, we are currently conducting interviews with teachers from schools and clubs

Table 1. Summary of findings from our literary review.

Country Status of CT
Implementation

Focus/details

China Implemented Implemented a new national curriculum in 2017, which
included CT

Japan Working
towards

Programming as a compulsory subject for students in
primary and secondary schools and should be fully
implemented by 2022

Hong Kong Implemented ICT and CT has been integrated into the curriculum since
2017, and is currently finalized a supplementary
curriculum specifically for CT

Macau No plans Focused on computer literacy and the usage of digital tools
such as word processing, spreadsheets, and database
applications

Mongolia No plans Mongolia aims to increase the incorporation of ICT in the
classroom and has the general goal to increase the digital
literacy of the entire population

North Korea No plans
South Korea Implemented Started with a nationwide pilot in 2015 and was

implemented as a compulsory part of the curriculum for
primary and secondary schools in 2018

Taiwan Implemented Began in August of 2019 to require every student in
secondary school to be fostered with CT competences.
This has so far been achieved by integrating CT into the
curriculums of other courses

1 Official web-site: http://www.ntustmeg.net/about.asp.
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in Taiwan (mainly in Taipei), to better understand the complementary roles of formal
and informal learning settings with respect to CT education. Semi-structured interviews
were chosen (and carried out over VoIP) as this allowed salient points to be explored in
depth as they occurred, helping us to cope with possible misunderstanding that can
easily result from the language barrier or the use of VoIP. Starting with few open-ended
questions, the interviews proceeded as a free-flowing dialogue between the intervie-
wees and interviewer. The aim of the interviews is to gather insight from teachers about
their motivation, and experiences with CT.

4 Discussion

According to our preliminary findings, despite the sociocultural differences in peda-
gogical practices in Taiwan and Denmark, the effort of defining and integrating CT as a
curricular subject has raised shared questions regarding:

• The relation between formal and non-formal learning practices,
• The relation of CT with other subjects either science or art and design,
• The relevance and necessity of coding as a learning goal.

Given that the term CT originates from North American learning research (e.g.
from projects like MIT’s lifelong kindergarten, Scratch [9], original and current defi-
nition of CT like Wing’s), it is perhaps not surprising that we found that many
countries are looking at the USA and in particular MIT’s tools like Scratch as a de-facto
standard starting point for the discussion regarding CT. Therefore, we consider North
American research to be an unofficial shared reference for the implementation of CT
programs in East Asian and Scandinavian countries alike, as well as in Taiwan and in
Denmark.

4.1 Formal and Non-formal Learning Practices in CT

According to our data, the implementation of CT in Scandinavia as well as in East
Asia CT has led school teachers to experiment further with non-formal learning
practices, integrating forms of playful learning and gamification. In the terms of
Vygostky [22], this trend has translated into the orchestration of shared CT learning
activities, in which CT have been associated with creative thinking, so that the pupils
are asked to create simple games or interactive animations in tools like Scratch or
Blockly, under the supervision of teachers or external experts acting as guest lecturers.
In this way, the pupils are encouraged to engage with coding in a playful and
exploratory way, so that through the design process the pupils engage in conceptual
thinking regarding how the choices they make for their code will affect their resulting
game [22]. This way of working enables pupils to engage with peer-learning as well as
gaining supervision from teachers, in relation to self-motivated development processes,
as in a form of apprenticeship [23].

In both Taiwan and Denmark, primary schools are experimenting with short mini-
courses in CT, lasting for about a week or two and held by external teachers. These
teachers might be researchers from academic institutions or experts from IT companies,
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who are testing new tools or pedagogical approaches to CT. During a typical mini
course the pupils would be required to develop a game in Scratch or would be intro-
duced to programming via Minecraft2 within a series of 1-day workshops across a few
weeks. Among IT experts and academics, PhD students from the University of
Southern Denmark were sent to primary schools to hold CT workshops on Minecraft
and Scratch. Informal discussion with these PhD students suggests that interacting with
a class of pupils and with teachers of varying degree of IT competences may produce
inconsistent results in relation to children’s learning, as they might be subject to
inconsistent and discontinuous forms of training.

Interestingly, coding alone is not the central focus of these workshops, but instead
programming is introduced, often via design processes, involving sketching, devel-
opment, and testing. Similar forms of playful learning are typically adopted in after-
noon clubs in both countries, where children are being introduced to CT through
workshop-like activities lasting for a semester or a year [6]. Hence in both Danish and
Taiwanese clubs, pupils are supposed to develop games, combining coding with design
thinking. In this sense, in spite of cultural differences, both countries are exploring a
non-formal learning approach to the learning of CT.

Being CT a new subject in formation, it is not clear yet if it might be integrated in
other existing subjects and which subjects these might be. CT has been seen in this
regard as belonging to Mathematics and Natural Sciences, since the theoretical foun-
dation of CT is rooted in Mathematics and Computer Science. However, CT could also
belong with Arts and Design, since the application of CT deals with the design and
realization of digital artefacts (often, but not necessarily, of games). On the other hand,
it has been proposed that the analytical mindset from CT [10] can be applied to any
subject, including for instance text analysis in humanities. This, however, can cause
issues regarding the background of teachers formed in the humanities, as they might be
less trained in understanding the core elements of CT and algorithmic problem solving
than teachers formed within sciences or design related subjects. Moreover, the intro-
duction of CT in existing subjects might lead to redefining the curricula of those
subjects, with a risk of compromising the core content of the same subjects, hence, a
consensus has not been reached in this regard in neither countries. However, according
to our data, it seems that in both countries CT is being increasingly linked to Arts and
Design than Mathematics and the Natural Sciences. In fact CT is presented as a
collection skills and activities such as: coding, hardware, game design, and 3D printing,
and leveraging on design thinking as an interdisciplinary framework providing the
backbone of CT learning activities. Moreover, design processes oriented towards
interactive media and games are seen as more effective motivational resources for
children, than activities related to mathematics, a subject notoriously perceived as
challenging.

According to our data, informal and playful learning activities appear as dominant
in both schools and clubs, moreover, it is increasingly the case that children have
experienced CT before they encounter it in schools participating in clubs informal
learning activities. Hence, there might be a need of a dialogue across non-formal and

2 Official web-site for Minecraft: www.minecraft.net/.
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formal institutions in both countries. Moreover, the broad use of non-formal learning in
CT has also implication for pedagogical alignment (see Biggs [8]) and assessment in
schools, hence teachers are experimenting with different ways to test their students’
progress, moving towards project-oriented assignments, in which pupils are asked to
develop different artefacts, to gather them in portfolios documenting the development
process, and to present to the class and the teachers. In Denmark project-oriented
assignments are common also in schools and are applied to different curricular subjects.
Interestingly, portfolio evaluations (such as those adopted for CT) are graded as written
or oral examinations, typically in a qualitative way; however, subjects like Mathematics
usually prefer quantitative evaluations. We find that these experiments with assessment
are interesting to follow and are necessary, but they emphasize the complexity of
placing CT in the curriculum. Central aspects of project-oriented assignments in both
countries are group work and peer-learning, which are integrated in the pedagogical
approaches of Danish schools as well as clubs. Similarly in East Asia we have found an
increasing adoption of gamification approaches, which can be interpreted as an attempt
to open up the classroom to forms of apprenticeship-like teaching, where pupils gain
points by taking more responsibilities in their own learning (in line with Biggs and
active learning [8, 23]). In this sense, the quest of turning CT into a curricular subject is
similarly challenging current learning practices and cultures across East Asia and
Scandinavia, encouraging an increasing adoption of informal learning approaches,
bridging formal and non-formal learning contexts.

Finally, according to our literature review and our dialogue with academics in
Taiwan and Japan, we found that both East Asia and Scandinavia are looking at the
USA (and the MIT in particular) as leading forces regarding pedagogical approaches
and e-learning tools. As a result countries in both regions are adopting books by
leading American academics directly or through translations and adaptations, and a tool
chain typically based on Scratch, Python and AppInventor. Also the adoption of
gamification for technically difficult subjects, the notion of re-conceptualization and re-
use of games (e.g. chess for Math, microwords [24] for exploring various domains,
etc.) for learning purposes, are inspired by North American research, although reframed
within our respective pedagogical traditions. In this respect, in spite of cultural dif-
ferences, we find that the implementation of CT as a school subject in Denmark and
Taiwan is converging towards similar pedagogical models and the adoption of the same
digital tools, inspired by the North American context. The emergence of CT as a school
subject is challenging local learning cultures, forcing a more global perspective in
education than other subjects with a longer didactic tradition like, for instance national
languages or History.

4.2 The Role of Coding in CT

Another common challenge we identify from both East-Asian and Scandinavian per-
spectives regards the importance of programming as a learning goal, and even when
focusing only on coding, as a part of programming, it is not easy to re-scale coding to
fit the needs of primary school pupils.

Although we tend to agree that CT is not just programming and that coding is a sub-
set of programming, all the approaches we have encountered consider programming (or
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at least coding) as a desirable but challenging learning goal of CT. In fact, most e-
learning tools for CT are de facto aiming in different ways at introducing primary or
secondary school pupils to programming [25]. This trend is due to the perception of
programming as a precious 21st century skill in the global economy, providing an
advantage in the job market to technical as well as humanistic graduates [11]. However,
programming itself is not yet a school subject in many countries, not at the high school
level, nor in primary schools. Therefore, CT appears as a holistic strategy to enable
pupils to get closer to programming through creativity and applied problem-solving,
avoiding the challenge of introducing in primary and secondary education Computer
Science-related mathematical formalisms, which are found hard by technical students at
the university level.

As many studies are simultaneously being conducted in different countries on CT,
specifically on the definition of pedagogical approaches and curricula [10] and also on
the development of e-learning tools, such as: games, block coding editors, or simplified
hardware kits [6]. Hence an increasing number of primary and secondary schools are
experimenting with teaching CT through courses or short workshops, led by teachers or
external guests. As a result, we find that schools as institutions and individual teachers
are experiencing increasing pressure in framing programming within their curricula and
in finding proper tools, to enable their pupils to engage with and acquire CT knowledge
and skills. In this respect, we find programming as the central challenge across
Scandinavia and East Asia, requiring pedagogical framing as well as support from
adequate e-learning tools, addressing the needs of pupils and teachers.

We have, therefore, surveyed existing tools for coding in primary schools and
found (in line with [16]) that existing IDE for beginners, including the popular Scratch,
MU editor, and Blockly-based visual IDEs, are conceptually created with a single user
in mind: in general, coding tools assume a lone programmer. In the terms of Vygotsky
[22] and Rogoff [23], we see that coding tools embody a perception of coding as an
individual activity, therefore, they might not support adequately current orchestration
strategies adopted in CT learning activities, which leverage forms of peer-learning and
collaborative problem-solving. The computer itself is thought to afford individual use at
the keyboard. Perhaps to compensate this lack of support, we find that CT activities are
implicitly taking the form of an apprenticeship [23] supported by design thinking and
peer-learning in which pupils are given group activities, to be further segmented into
individual coding tasks. Game design is often chosen as non-formal, playful activity to
encourage pupils to engage with programming and coding, shifting between individual
and collaborative tasks.

Typical unsolved problems for the teachers in this area are addressing learners with
substantially different skills in the same class, as it can be the case of a class mixing
beginners and pupils with prior experience in CT from clubs, or when introductory
courses mix students from different educations (as discussed in [12]). In such cases,
teachers must be able to provide an activity suitable to pupils with different proficiency
levels and avoid the programming version of the “alpha player problem” known in
cooperative games, i.e. the tendency of one participant, not necessarily the most expert,
to take over an activity and makes cooperation impossible for others. As a result we
find that the learners who have the most need to practice will not practice enough to
overcome their difficulties, while the stronger programmers in the group are those who
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practice the most, becoming even more proficient (a problem discussed also in the
context of introductory programming courses at university level [12]). The need for
planning and structure programming as a social practice is embodied in tools like Trello
(trello.com), aimed at planning the activities of Scrum-teams, and platforms like Github
provide not only ways to share the codebase, but also networking and management
support for developers. However, these tools are typically aimed at advanced and older
programmers, and have not been developed with primary school teachers and pupils in
mind. Moreover, in professional “peer programming practices”, there are well known
roles that programmers can take at different stages of development, which are not
explicitly supported by coding tools for pupils. Building on these insights, we identify a
urgent need for coding tools, accessible to pupils, that regard coding as a social practice
and learning to code as an apprenticeship, supporting small teams of learners in their
process of crafting code and not just in dividing tasks.

5 Which E-learning Tools to Support CT?

Building on Vygotsky learning theory [22] as well as our preliminary data, our main
contribution is the definition of a global-informed scenario (based on [2, 7] and [6]) and
requirements for a new class of e-learning tools, capable of supporting emergent
strategies in the learning of CT from a global perspective, such as:

• Support for peer-learning in small groups of pupils, leverage on Worked Examples
in the form of functioning programs,

• Rely on the Use-Modify-Create approach, for instance by allowing pupils to work
together at altering and adding to existing code,

• Support communication among learners and with teachers,
• Involve multiple subjects in the provided programs to allow discussions about

technology in society.

As a domain for the provided functioning programs, we consider simple digital
games, easy to reprogram, possibly expressed in simplified ways, such as blocks. In
fact, building on our data, we find that game design has been adopted as a main domain
for the learning of CT in East Asia as well as in Scandinavia, taking inspiration from
the North American context, where popular tools like Scratch or Minecraft are
specifically designed for supporting children in developing and altering games. Games
are seen as fostering pupils’ self-motivation, leveraging their interest for games in their
everyday life, but also as a concrete domain enabling pupils to envision their final
product, to make plans for their code, and the necessary steps to develop such product.
In this respect, game development provides an apprenticeship framework, characterized
by the goal of creating a game, in parallel to the goal of learning CT, in which kids and
adults are mutually engaged [23]. Moreover, in game development as in apprenticeship
pupils can learn from each other within their groups and also across other groups,
developing similar games, and are allowed to gradually take over responsibility
through their process, by planning their design process and distributing tasks with each
other. In this way, learning to programming becomes an apprenticeship activity, in
which learners are allowed to engage independently with the available coding tools and

482 K. Kristensen et al.



in making decisions on their process, while at the same time receiving support when
reaching concepts and practices on the boundary of their Zone of Proximal Develop-
ment [22, 23].

The scenario in Fig. 1 is based on [7] and inspired by the “Fabric Robotics”
approach described in [6], and follows the Use-Modify-Create paradigm. In Fig. 1 the
teacher has divided 5 pupils in 2 groups, and each group starts by using an existing
project (possibly a simple game implemented in a block-based language). The group on
the left in Fig. 1 is modifying their game and submits a new version to the teacher (or
documentation that explains their design and implementation process), the other group
(composed of 3 “green” pupils) is instead creating a completely new game, after having
played the assigned one.

According to these requirements and related learning scenario, the resulting tool
would be a system to create and share digital games, easy to reprogram, and providing
some form of real-time as well as asynchronous communication capabilities for col-
laborative learning. This tool should support the scenario in Fig. 1 and could for
example be implemented as a generator of Jupyter Notebooks, specific to simple digital
games and with block-based code instead of the usual textual commands. In our view,
the ideal tool for supporting CT learning should embody the values and relevant
functionalities to support an Apprenticeship learning scenario.

Moreover, we can see that in practice both Denmark and Taiwan are adopting a
Use-Modify-Create approach, even if only Denmark is explicitly referring to it by
name, converging towards constructivism and playful learning. The adoption of this
approach might be due to the predominance of constructivist discourse in North
American research on CT, which is implicitly informing other countries when they
adopt the materials from MIT and similar institutions. In the Use-Modify-Create
paradigm, children spontaneously engage in forms of conceptual thinking by playing
with an artefact [22], like a computer game in CT activities, and that can enable them to
reflect on the hypothetical changes they might perform on the given game and on its

Fig. 1. Visualization of our scenario, with a teacher and learners working in small groups.
(Color figure online)
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code. This approach can be seen as a pedagogical concretization of the concept of
proximal development [22], according to which pupils need step by step support, from
using to edit software, and finally to become creators of code, the final step in over-
coming the challenges faced while reaching the boundary of their CT abilities. This
progression also embodies the values from Apprenticeship learning, in which the pupils
are supposed to become more in charge of their process, starting with full supervision,
in this case translated into use of a given game, to end with independence and the
ability to create a new game [22]. Finally this progression can be interpreted as an
adaptation of Bloom taxonomy [26] to games-based learning practice for CT, in which
the pupils are supposed to gradually reach the ability to use their knowledge to create
something new. Based on these insights, we propose that coding tools for learning CT
should embody this progression in their design and in the examples provided to the
pupils, so to enable them to gradually engage with more complex tasks, in respect on
their gradual process of learning to master coding (and possibly also programming).

Figure 2 shows a possible situation where 2 groups of pupils are working on the
same game, that they received from the CT teacher. Our new tool is used to distribute
the game code and for communication among the groups and with the teacher, as well
as for delivery of modified or new versions of the game. We propose that each child in
Fig. 2 should have a different, explicit role while using the new tool. In the group with
3 “orange” pupils for example the left-most child is play-testing the game using a game
controller, while at the same time talking with the child in the middle, who is close to a
keyboard and therefore acts as the developer, altering the code to accommodate the
feedback of the play-tested child. The third member of the group, on the right, could be
using the mouse to take snapshots of interesting moments to document the gameplay as
it changes because of the interaction of the tester and the coder.

Fig. 2. A possible scenario of use for our new tool. Two groups of pupils work at the same
game, with a teacher supervising both groups.

484 K. Kristensen et al.



6 Conclusion

This paper analyzes the emerging pedagogy of Computational Thinking as a new
school subject, from an international perspective. Approaches from Scandinavian and
East Asian are compared, focusing on Denmark and Taiwan. Preliminary findings from
our analysis and initial interviews show that, despite sociocultural differences in ped-
agogical cultures, both countries are facing similar challenges related to the relationship
between formal and non-formal learning practices, the positioning of CT with respect
to other school subjects, and the effort to adapt North American discourse to the local
educational traditions.

Coding emerges as a highly desirable and necessary activity within CT, as well as a
central learning goal. One of the contributions of this paper is the identification of a
lack of coding tools for small groups of pupils as a gap in CT e-learning. The other
major contribution is the definition of a scenario and requirements for a new class of e-
learning coding tools for better supporting emergent strategies in the learning of CT,
such as: peer-learning, group-work especially for small groups of pupils, take advan-
tage of pedagogical techniques like Use-Modify-Create and Worked Examples.

Future work involves cooperation with our contacts in Denmark, Taiwan and Japan
to observe their practices in teaching programming within CT. We are currently
developing, together with our international network, a prototype of a new e-learning
tool, that will be tested in primary schools in both Scandinavia and East Asia.
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Abstract. The outbreak of the Covid-19 pandemic had wide-reaching effects
on the education system. The general response of schools and universities was to
shut down non-essential campus operations, as learning and instruction became
remote. The switch to remote learning protected against the spread of Covid-19,
but it also had secondary effects, like the closure of university labs and libraries.
This study seeks to understand if students and faculty had the tools and
workspace conditions to continue to teach and learn effectively. The sudden
switch to remote learning had the most significant impact on participants whose
home environment does not provide for a private workspace. There was a clear
trend to engage less. Participants overall find video lectures less engaging. Some
participants struggle learning materials. Others changed their approach to aca-
demic learning to rely more on self-learning.

Keywords: Remote learning � Covid-19 � HBCU � Technology access �
Adequate remote learning environment � Adequate working environment

1 Introduction

1.1 The Switch to Remote Learning Due to the Covid-19 Pandemic

The outbreak of the Covid-19 pandemic had wide-reaching impact on the education
system. The general response of schools and universities was to shut down non-
essential campus operations, as learning and instruction became remote. Students and
faculty had to suddenly change their instruction and learning methods from in-person
to remote. Some switched from one day to the next, others had a week or two to
prepare. In any case, it was a very sudden and significant change. Universities and
schools provided learning and teaching tools so that all students could have access with
the necessary to be successful. The switch to remote learning helped reduce the spread
of Covid-19, but the decision to close down campus operations and facilities such as
university labs and libraries created detrimental impact on education and learning.

On the onset of the pandemic, there were already educational inequalities in place
that affect student success [8, 9, 14, 18, 22, 23]. Much previous research clearly
documents the correlation between low-socioeconomic status (SES) and low academic
performance in children [9, 14, 15]. Students from marginalized racial groups are also
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known to have limited access to learning resources [18]. Students with low resources
are at a disadvantage to their more affluent peers [9, 14, 15, 22, 23]. Recent research
shows such gap has widened after the pandemic [15, 17, 19].

In this research, we document (1) how HBCU students experienced the sudden
societal and educational changes, and (2) how Covid-19 affected HBCU students. This
research also aims to explore the extent to which the switch to remote learning exac-
erbated already existing inequalities.

We found that students and faculty were impacted by the pandemic directly, and
also by the challenges presented by remote learning. The former was loss of life or
health of persons close to participants, reported by some, and the fear and stress of
living in a pandemic, more frequent and pronounced in the case of participants with
high-risk family members. Remote learning presented participants with challenges and
in some cases obstacles that had not been present in the in-person learning
environment.

With respect to the remote learning environment, the sudden switch to remote
learning had the most significant impact on participants whose home environment does
not provide for a private workspace. The participants that faired best in remote learning
were those that adapted to the remote situation by managing those distractions or
finding new ways of learning. There was a clear trend to engage less in lectures.
Participants overall find video lectures less engaging. Some participants struggle
learning materials. Others changed their approach to academic learning to rely more on
self-learning.

With respect to engagement, there was a clear trend toward less engagement both
among peers and between students and their instructors. Exceptions were participants
who were able to adapt to new technologies to replace in-person communication in
order to create or maintain connection. The remote classroom seems to be a more
difficult place for students to participate, because social interaction is less “natural” in
an online classroom than in an in-person classroom.

Finally, we address the resourceful ways participants are adapting. Participants are
changing the ways and spaces in which they learn. They are adapting new technologies
to create and maintain connections.

2 Related Works

2.1 Research on Online Learning

Online learning has provided an alternative mode of education for students who cannot
physically be present on the college campus that they are enrolled at. Some students
have used online learning as a way to learn if they don’t have transportation to their
campus or if they have a job that interferes with their class times [5]. Several studies
have investigated online learning in regard to student/teacher interaction (e.g., [16]),
mental health (e.g. [3, 7, 10, 13]), and student engagement (e.g. [3, 13, 16, 20]).

A research study looked into online learning platforms and the benefits that it
provides. In the study, the authors list greater freedom of access, lower education
prices, flexibility of education, and the ability to keep up with modern pace of life as
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the main advantages of online learning [16]. Scholars have also investigated technol-
ogy issues that students may encounter while taking online classes [6, 10]. Such
technology issues may prevent students from completing their assignments on time or
even leading them to miss their class sessions. Previous research also reports that some
students have limited or no access to internet connection which is a necessity when
taking online or remote learning courses [1].

2.2 Research on Remote Learning and Learning Management Systems
(LMS)

Remote learning has become the primary source of education for many students since
the outbreak of the Covid-19 pandemic [5]. Students experienced the sudden transition
from in-person learning to being in their houses and having to figure out how to
continue learning from their homes. Being remote also means that students can no
longer interact with their professors and classmates in person, which can be an essential
part in their learning [16]. Also, social gatherings on college campus may have helped
many students de-stress from schoolwork while socially engaging with other students.
An article investigating remote learning suggests that college institutions recreate the
in-person gathering experiences on the online settings as well as enable social inter-
actions amongst students so that they can still feel a sense of connectivity to their
campus and the school body [11].

Many students are now relying on their college’s LMS to receive their work and to
communicate with their teacher and classmates. Previous research has investigated the
use of LMS in education and its disadvantages and advantages [2, 10, 16, 21]. Alokluk
[2], for instance, shares a list of online teaching principles that can be considered as
best practices. These principles include encouraging active learning, giving student
feedback, and encouraging faculty and student interaction.

3 Methodology

3.1 Overview

The analysis in this paper is based on data from an interview-based study and also from
a survey study we conducted during the Fall of 2020. To investigate the effects of the
sudden switch to remote instruction, we conducted interviews with students and faculty
from four different universities in Virginia. We also conducted an online survey with
students and faculty whose studies and instruction, respectively, became remote due to
the Covid-19 pandemic to understand their experience in the remote learning
environment.

3.2 Participants

We recruited participants from a pool of faculty, students and alumni from Virginia
State University, a historically black public land-grant university in Petersburg, Vir-
ginia. We also used the snowballing method to recruit additional students from NSU
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(Norfolk State University), UVA (University of Virginia), and Old Dominion. A total
of twenty-four participants were interviewed (13 males, 11 females). The participants'
ages ranged from 18 to 40. Twenty-three participants were students or faculty at an
HBCU. Twenty-two participants were at Virginia State University, while one partici-
pant was from another HBCU, Norfolk State University. Of the twenty-two Virginia
State University participants, one participant first experienced the switch to remote
learning at VSU during the Spring semester of 2020, and joined University of Virginia,
a Predominantly White University (PWI) where he again experienced remote learning
in the Fall of 2020. We also had one participant attending Old Dominion University,
which is now considered a Minority serving institution (MSI).

Twenty-one participants (88%) identified themselves as African American, one
participant as Hispanic/Latino, one as Asian, and one as other. Nine participants (38%)
were between 22–25 years old, eight participants (33%) between 18–21, four partici-
pants (17%) between 26–29, two participants (8%) between 30–35, and one participant
(4%) between the 36–40. Nine participants (38%) were graduate students, nine par-
ticipants (38%) were seniors, two participants (8%) were faculty, two participants (8%)
were juniors, one participant (4%) was a sophomore, and one participant (4%) was a
freshman. The participants were also asked if they had taught or taken an online class
before. Thirteen participants (52%) stated “yes”, and twelve participants (48%) stated
“no”.

3.3 Interview

Interviews were semi-structured and conducted over a video conferencing platform. The
interviewer had both their video display and microphone activated. The participant had
their microphone activated and was given an option to turn their video on. Some left
their video off and others had it activated. Interviews lasted from 15–45 min. The
interviews were audio-recorded and transcribed. We also collected demographic
information for each participant prior to the interview through a pre-study questionnaire.

3.4 Survey

Along with conducting interviews with college students and staff, we also conducted a
survey that was distributed to current college students. The survey was distributed by
the second author to students who then distributed it to their peers. She also distributed
survey via college chat groups. No monetary compensation was provided to partici-
pants. We received a total of 56 survey responses. The survey covered a range of
questions that dealt with Covid-19 and how it may have impacted the life of a college
student. To get a clear idea of its impact, we asked questions regarding their educa-
tional and personal experience. Questions regarding feelings and emotions, social life,
and educational experiences were asked. The participants were asked to rate their
responses to the questions by using Likert Scale sliders or button selections to indicate
their ratings from 0 to 7 or in some cases, 1 to 7. There were a few yes/no questions that
were also asked.
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3.5 Interview Data Analysis

The interview data were fully transcribed and read multiple times by the researchers.
During the initial analysis, both first and second authors looked at the interview data
together and developed an initial coding scheme. The first author went through the
interview data in multiple iterations to find recurrent themes in participants’ data. After
developing the first-round coding scheme, the first and second authors again refined the
coding categories and finalized the coding scheme by conducting open and axial
coding [4, 24]. The final coding scheme consisted of three top-level categories, eleven
second-level categories and fifty third-level categories.

4 Findings

There were three areas of interest in our findings: Health, Life, and Education. The
findings in Health revealed that participants have been affected by anxiety and fear of
losing family members, caused by the Covid-19 pandemic. Those most affected were
participants that had high-risk family members. Participants in general reported mental
drain from the remote learning modality, though there were also benefits reported in
that remote learning provided participants with the flexibility to work and the access to
recorded lectures. In Life, findings reveal that a significant number of participants have
had social costs of remote learning. It is more difficult to make connections with peers
and have the same level of communication with instructors. However, it's important to
note that several participants noted little effect on their social life, and some benefit of
not having to interact as much in social and academic spaces. Education findings reveal
that in the remote learning environment, it is a significant advantage to have a private
study space. Also, participants generally adapted to having campus resources removed,
but were not able to fully replace them. This is significant because it creates a sig-
nificant disadvantage for students unable to access private reliable internet, dedicated
study space, appropriate technology tools to replace the campus-wide resources lost in
the switch to remote. There was a general trend to engage less in the remote classroom
than the in-person classroom, and decreased communication both among peers and
between peers and their professors.

4.1 Health

We asked participants how they had been affected on a personal level by Covid-19.
Overall, the significant impact that the pandemic has had on the participant has been the
death of family members in two cases, the serious infection of family members, and the
high-risk status of family members that created anxiety and fear in participants. One
participant reported having been infected with Covid-19. Three participants (P1, P17,
P13) reported having family members that had been sick with Covid-19. Participant 13
reported having a family member that had to be hospitalized for approximately two
months due to Covid-19. Three participants reported having family members that were
high-risk. Three of the participants mentioned here described being “scared” or the
situation as “scary” when describing their family members being sick with Covid-19 or

492 M. Ponticiello et al.



having a family member that is high-risk. One participant had two family members that
were infected.

These are participants for whom living through the pandemic entails living with the
fear of losing a family member. These are members of a group of participants living
with anxiety and fear directly caused by the pandemic’s health risk to people close to
them. Participant 9, who lives with a person who is high-risk, explained having to
travel to attend a funeral (not Covid-19-related). She stated that traveling made them
“anxious,” and described worry not know “who was taking it seriously,” referencing
their high-risk family members and participant’s concern for them. Participant 10 and
22 have family members that are high risk and describe living with some level of fear:

“my parents are old and they have health conditions that put them at risk, so I have to be very
careful. And it’s scary because they still have to work.” (P10)

“No, um because my dad is high uh he’s highly like he’s high like rate, like he can get it faster
than a lot of people, and he’s bed bound, so I’ve been too scared to try to go out, and I don’t
wanna bring anything in the house that he may not be able to fight off.” (P22)

The participants with high-risk family members are most directly affected by the
health risks of the pandemic. As demonstrated in this section, the risk of infection
increased their level of fear, having an effect on their mental state. In the following
section we explore the overall affect of the pandemic and remote learning on partici-
pants’ mental health.

Mental Health

Stress and Mental Drain
We asked participants about how the pandemic and the switch to remote learning had
affected their mental health. Although, often participants gave descriptions of their
mental state in response to more general questions. For example, when asked about
their overall viewpoint of Covid-19, participant 9 used “scary” to describe how they
were experiencing it. As mentioned in the preceding section, participants who reported
having a high-risk family member or member of their household, or who had family
members infected with Covid-19 reported feeling “anxious,” “worried,” or “scared,” or
a combination of these (P9: “scary,” “anxious,” high risk family members; P10:
“scary,” parents high-risk; P17: mom, brother infected with Covid-19, mom’s illness
“scary”). Participant 10 also described their experience of the pandemic as “scary,” and
refers to their parents being high-risk.

Participant 17 reported that they were “nervous to be outside” after switching from
a job in which they could work from home to one that didn’t allow for remote work.
They also said they had seen people around them with Covid-19, and “how scary it is.”
Participants reported some level of mental drain from dealing with the pandemic, citing
the risk of doing simple activities, the drain from not being able to see family members,
or the burnout from being in front of a screen so repetitively. Participant 7 reported
losing their job due to Covid-19 and having to move back in with their parents.

“it’s scary being around other people because you don’t know if you’re gonna catch it, and I’m
less worried about me catching it and more worried about me giving it to my parents.” (P7)
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Motivation and Morale
One theme that various participants brought up was the morale and motivation level.
Often participants mentioned benefits of remote learning—not having to commute,
greater flexibility in their schedules that allows them to work, etc.—contrasting this
with the drawbacks they’ve faced. For various participants, one of these drawbacks was
the toll on their and others’ motivation and morale. Participant 4 said that the difference
that they experienced regarding the communication they have with their professors was
that “they’re not as excited.” Participant 5 reported that this experience of remote
learning made them realize that their routine of getting ready and commuting to class
actually played a role in mentally preparing them to study, and that learning from home
has presented a challenge in morale. Participant 7 also struggles with motivation
attending video lectures:

“It’s harder to stay motivated and it’s easy to get distracted. It’s really difficult to pay attention
during a Zoom lecture…it’s hard to like stay excited and engaged, and that’s affecting our
professors as well. So you can like, by the way that they’re teaching, especially cause they’re
not getting active feedback anymore.`̀ (P7)

Not all participants experienced increased stress and mental drain as participants in
remote learning. Participant 24 has decreased anxiety learning from their remote
environment due to the fact that the in-person learning environment is anxiety-
producing:

“I just never liked being in class. It’s not my thing. It gives me high anxiety. So being remote
you know I have the option if I want to turn on my camera or not. And I usually don’t, I mostly
don’t. And so that helps me with my anxiety a lot…The workload doesn’t affect my anxiety. Like
what affects my anxiety is the one day we had to turn on our cameras. And I haven’t been
turning on my cameras, so I was panicking like oh I haven’t had to turn on my camera in
months and now look I got to turn on my camera.”(P24)

4.2 Life

Social Impact
One of the patterns emerged in our data analysis was reduced or changed social
routines. Participant 22 went from seeing friends almost daily to no longer partici-
pating in these social activities, explaining that it is because their dad is high-risk, and
she is too scared to go out and possibly bringing home infection that their father
couldn’t fight off. Participant 16 explained that before, they would hang out with their
friends at their house. Now, they rely on the connection via online games to interact
with some friends, and they have lost connection with other friends who they used to
see regularly in person. Participant 15 used to see their friends in person on Saturdays,
and since the pandemic, they talk mostly via Snapchat or similar platforms.
Participant 12 realized a lack of support socially, that the situation showed them that
not everyone in their social circle is a genuine friend. They are focusing on working on
themselves. In the case of participant 7, they ended various relationships, with a partner
and with some friends, due to the way those people approached the pandemic without
following the safety protocols (e.g., continuing face-to-face meetings in groups).
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There were various participants that reported little change due to the fact that they
didn’t socialize much generally anyway either because they were focused on
work/school or because they were just not generally social, “homebody,” “introvert,”
etc. (P1, P3, P5, P17, P24). However, a significant number of participants reported
experiencing a change in relationships.

Participant 9 reported a similar situation in not having seen friends since the
pandemic began in March 2020 and that a contributing factor to following protocols so
strictly was concern for her high-risk family member. Participant 14 also stopped
seeing “multiple people” completely with no idea as to when he will once again be able
to see them. Participant 22’s social life had changed in that they can no longer do
community outreach which was an important activity for her. Participant 13 is one of
various participants that spoke to the fact that social interactions among peers was
much more limited in remote learning:

“you meet these people, you know these people, get their numbers, exchange numbers and stuff,
like that. Now it’s just like it’s just a whole bunch of random people in a chat room and we all
go our separate ways when class is over.” (P13)

On the other hand, participant 8 had a positive social outcome from the pandemic.
Because their classes and work switched to remote, they were able to quarantine with
their mom and spend more time together.

Economic
A significant number of participants reported economic effect. A small number reported
economic benefits from less spending, or a job opportunity offered by the pandemic.
More frequent, participants reported income loss and job loss. In one example, par-
ticipant 22’s hours at their job were reduced from approximately 45 h weekly to
approximately just five. Several participants lost jobs due to Covid-19.

Benefits
Overall, participants like elements of remote learning that were unavailable in in-person
learning. They tended to prefer the access to recorded lectures and the flexibility that
remote learning affords them: this allows them to work or saves them resources by not
having to commute. Although participants tended to prefer in-person learning overall,
there was a distinct tendency to prefer elements of remote learning: access to recorded
lectures, and the flexibility to learn from a remote location.

Participant 17 highlighted that they usually don’t have space in their schedule to
both have a job, study, and play sports. But due to current circumstances, they
thankfully can work. Participant 3 also cites this benefit: “I don’t mind remote because
like I said I work full time and it be kind of hard for me to take off work to make it to
class.”

For some of the participants that identified as an introvert or homebody or not
socializing much (even prior to the pandemic), it is a benefit to not have to go out
continuously, or not having to be around people as one of the benefits of the secondary
effects of the pandemic, even noting a decrease in anxiety in one case.
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4.3 Education

In this section we examine the effect that remote learning and the sudden switch from
in-person to the distance model had on the participants. We present these findings in
three subsections. Subsection one, Remote Learning Experience, examines the overall
impact on learning and general issues that were caused by the pandemic and the
measures put in place in response to the pandemic. The second subsection examines
how being remote changed the communication and relationships among peers and
between students and their professors, as well as among faculty. Subsection three
examines participant’s remote environment: did they have access to an adequate
working space and technology? Was their remote location the cause of costs or benefits
in learning or listed in other sections? Here, we would like to point out two key focus
points. The first point is that a significant portion of the difficulties reported by par-
ticipants seem to be difficulties inherent in remote learning for a student or teacher that
is not used to carrying out this learning modality. The second key point is that any
additional costs to student beyond these difficulties are costs relating to a lack of
resources. An example is internet connection that impedes a student’s ability to attend
all class times or do coursework, because not all households have access to a high-
speed reliable internet connection. Another example are the participants that don’t have
a workspace dedicated to study or work, because there is no extra space in the home to
be converted to an office space. The pandemic caused the closure of some of the
resources that previously gave students options. We are concerned to what extent
Covid-19 exacerbated already existing inequalities by reducing access to university and
public resources that allow for universal access to educational materials that support
student success.

Remote Learning Experience. Overall, students reported that learning had become
more difficult and more independent. Participants that reported the increased difficulty
experienced it in a range of ways: some participants reported that they became better
self-teachers, that the experience of studying through the pandemic built their character,
that they developed discipline. Some participants reported being a student was harder,
and academically things were worse: less learning, issues retaining information, dis-
tracted learning. A significant number of participants reported both benefits and costs.
As mentioned in previous sections, there was a trend to have benefited from the
flexibility provided by remote learning, but costs were reported in terms of difficulty
learning the material.

The Transition. Some participants were unable to complete research or coursework
because they suddenly lost access to labs and research facilities. One participant
reported not being able to access adequate technology to complete a course:

“When Covid hit…and they shut everything on campus down I couldn’t take my test because
they were on lockdown browser and my camera wasn’t working at the time. So I ended up
failing the class because I couldn’t go any place to get my camera fixed and then on top of that
my professor was not trying to work with me.” (P11)

The speed at which remote learning was implemented meant that significant parts
of participants’ lives were changed. Participant 17 was active in university sports and
found out the day of that the season was canceled. Her team tried to continue with
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distance training, but it was too much for the coaching team and various members of
coaching staff left during the Spring 2020 transition. Participant 14 was left without
housing. His solution was housing with a friend, but this entailed traveling across state
lines before social distancing on planes was implemented. He considers himself lucky
to have not been infected on this trip.

Discipline, Self-learning, Distracted Learning, Issues Retaining Information
All participants reported less structure and more freedom after the switch to remote
learning: they no longer had to be physically present. Most participants interviewed do
not have to be visibly present even virtually. Another new freedom is access to course
materials. There were interesting results with respect to this less structured learning and
in a sense more freedom as a student. One result is the self-learning by students. For
example, participants 10 and 14 both reported a new pacing in their learning that was
less dependent on the course pace: they took advantage of the availability of the
materials to advance at times ahead of the lecture-to-date. Participant 10 said that her
professors were “on it” in terms of making sure the materials were available for
students so that she could take initiative to study ahead. Participant 24 said that in the
new learning modality, you “definitely” have to self-teach. Participants 10 and 17
explained how they have adapted to distance learning:

“I would say depending on the class it was beneficial because um I kind of learned how to uh
do things my own way without anyone watching…” (P10)

“so I never ever log into class or do work in my room because my room is not an environment
I’m in when I’m focused…Whenever I’m doing homework or I’m in class I literally sit at the
same place in my dining room, I prop my laptop up, I get all of my stuff out to get focused for…
And now I’m more engaged in my classes, at first, I wasn’t. I wasn’t comfortable with zoom or
getting on the camera and talking like it just wasn’t my cup of tea. But now I come to enough of
my classes where I’m attentive, I turn my camera on, I’m engaged and that’s always been
helpful.” (P17)

There was a clear trend of the benefit of having access to the class recording.
A significant number of participants cited this as a benefit of distance learning. For
example, participant 14 stated that he like being able to work through the material and
not necessarily have to wait on the lectures. Participant 17 cited recordings as a positive
also:

“But some record them and post them so you can go back and watch them and take notes on it.
So that’s one thing I really do like. So even if you do miss a class you don’t miss it because you
can watch it later.” (P17)

Harmed Learning, Learning Quality Change, Lack of Explanation, Unconcerned
Teachers
Overall, participants reported that there were new challenges in the remote environ-
ment. There were participants that reported a negative impact in the quality of their
education. There were participants that reported no impact in the quality of their
education. One notable finding was the perceived loss of the ability to interact with the
professor’s explanation in real time: multiple participants said that in the in-person
classroom, there was more opportunity to interject if they didn’t follow a topic, or more
opportunity for professors to see who was struggling to give space for review. Some of
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these participants had no way to interact with professors during lectures because
professors posted pre-recorded lectures (asynchronous classes). Others reported it was
more difficult to interject in the online (synchronous) classroom. Participants explained
that in a physical environment, professors can “see” who is not grasping a topic and
make the decision to review or address confusion. Participants explained that in an in-
person classroom, they can ask their neighbor to explain a point they didn’t understand.
Or that multiple people can speak at once in a classroom in a natural way, without
obstructing the other conversations, and this allows for greater interaction than in and
online space.

Participants 10 and 12 are examples of students that view their education as neg-
atively impacted; participant 10 had some classes that were asynchronous. Some of her
professors decided to just “put the work up,” citing that they didn’t meet (for class).
Participant 12 does view her education as being negatively impacted:

“I feel like I’m not really learning anything. Because they’re just reading PowerPoints… We’re
not practicing, we’re not trying to store the information in our brains.” (P12)

She cited study groups led by her SI leader as an activity that helped her learn prior
to remote learning, that hasn’t been replaced by a new technology. Participant 17 also
identify with this perspective: “I feel like remote learning now for some bizarre reason
I don’t understand because it’s so backwards” (P17) Participant 9 cited the added
stress in general during the pandemic as a cause of a decrease in education quality:

“people are really stressed out about this time of uncertainty so I think a lot of professors aren’t
necessarily intentionally not doing their job well but you know they have their own families and
their own kids they have to worry about.” (P9)

She explained that because of this, their teaching responsibilities come second or
third. She also cited that some professors “throw so much work at you,” not consid-
ering students’ other classes or even that some students are parents as well. As to
preference, she stated that while she stills does well learning remotely, “education
value-wise, in-person is way better.”

Participant 17 reported that some professors do a great job while others do a very
poor job in remote teaching. Referring to one of her professors, participant 17 said that
she (professor) is “the best in regards to communication… she does really well with
communicating on blackboard, giving us descriptions to the assignment.” She con-
trasted this with one professor from a different class she is taking: “…We are at finals
and I still haven’t seen a syllabus.” She described the policy of another professor:

“…that’s one of the professors that has no exceptions at all like he doesn’t care that its covid
like it’s very hard… and when you give him an excuse like hey like I’m doing blah blah blah
will you still take the assignment, he’s like no sorry there’s no exceptions no. Nothing no and
I’m just like you can’t have a little bit of leeway, like we are literally in a pandemic.” (P17)

Students seem to view the online courses as less responsive especially when stu-
dents struggle in the class. Students in general stated that asynchronous classes do not
allow for students to signal when they need more explanation or when they don’t
understand (e.g., P14). But participants also stated that it is still more difficult to signal
or interject in the remote learning synchronous classroom than in a physical classroom
(e.g., P18). One participant (P10) conjectures it may be because students are in an
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environment where they won’t be heard. It is worth examining if this is generally the
case, and the implications for students that don’t have access to a quiet space, or if there
are other reasons why students find professors less accessible during remote class. We
found that students do not find it as easy to interrupt a lecture to signal they are not
understanding in a remote classroom.

“Compared to in person they can tell you like…‘oh yeah you are struggling here’ or like
‘everyone in the class got these wrong so we are going to work on this’…Compared to remote
learning some people don’t turn their cameras on some people don’t even respond when the
professor is talking to say they got it. Or ask questions because they are not in a location where
they can be heard…So I think that what I didn’t like. And that’s why I prefer in person.” (P10)

“Instead of watching a recording and you hit a point in the video where you’re completely lost,
and you're lost from that point on, and you can’t really progress until the next time you interact
with the professor.” (P14)

“At times I feel like I’ve learned more in person than remote learning again because of the
situation where I could walk up to my professor if I had a question in the middle of class or
right after class. But other than that I don’t think much has really changed.” (P18)

One interesting finding was the clear trend in perceived increased workload from
Spring to Fall 2020. Sometimes participants conjectured that professors were assigning
more work because they were assuming that students were at home and idle. Various
participants referenced the increased workload. Some participants said that they were
overwhelmed by the increase. One participant described it as professors “throwing
work” at students.

Communication and Relationships Between Teachers and Students, Among
Faculty, and Among Peers

Communication Teacher-Student
Communication has been predictably impacted in a significant way as teacher-student
interactions have become remote. One faculty member reported that their freshman
students do not all check email regularly or even open Slack, the two methods he uses
to communicate: “So even though I uh communicate multiple times, there are still
students who will miss the memo, as they say.” (P1).

In response to how is has been to interact with professors and classmates since the
switch to online learning, participant 5 explained: “Oh…much worse. You know like
it’s really hard to interact.” Participant 6 actually prefers remote learning in general,
but cited the interaction with professors as one of the losses in the move to remote:

“I miss the one-on-one interaction with the um professors. And in person you’re still getting
that um but a big part of the reason why I um love my program…” (P6)

Participant 13 also cited a lower interaction, saying: “it's like we really don’t
interact that much, it’s like the professor gets on, or teaches, and then that’s it. Like I I
personally don’t interact too much.” For participant 17 and 15, it is harder to ask
questions in the remote classroom and to communicate with instructors and peers.
Whereas, participant 22 has had a very positive experience, citing one professor she
regularly communicates with when questions come up:
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“And I feel like it’s kind of harder for me to ask questions on Zoom because one I don’t want to
take up someone’s time and I like to have one on one with my professors after class or go to
their office hours.” (P17)

“The interaction with like with other students, or uh the um professor, you know, it's you know it's
online, it's not like. You can't just talk to 'em, like straight, like any time during the class.” (P15)

“They’re awesome… Yeah, like Slack has been like I uh Doc—uh I speak to one of my
professors all the time, like when I have questions. So Slack is that thing that that's very
convenient for these times.” (P22)

Participant 9, 10 and 14 had a professor that weren’t available, seeming to take
advantage of the remote learning to be less responsive. Participant 10 was another
student that cited less review of topics compared to in-person learning:

“Compared to in person they can tell you like… “oh yeah you are struggling here” or like
“everyone in the class got these wrong so we are going to work on this” That didn’t happen
anymore like with remote learning.” (P10)

Communication Among Faculty
The faculty members interviewed reported that colleagues are responsive in email, and
that there are weekly department meetings that allow for communication with other
faculty members. One faculty member cited that when staff and faculty worked on
campus, it was very convenient to convene or collaborate having everyone in the same
place. He also continued to communicate with colleagues remotely but did highlight
that it was not as beneficial as working in the same physical space.

Communication Among Peers
As in the case of instructor-student interactions, communication and interactions
among peers has overall decreased. Overall, we note a trend to decreased interaction
among peers that in general was a difficulty for students. However, there was at least
one participant who stated that she benefitted from not having to be in class with peers.
There were participants that cited the interaction with peers from in-person learning as
something that they missed. Participant 5 described remote learning as having little
social interaction among peers. He stated that while in-person learning gives space to
talking with colleagues and friends before and after class, there isn’t space for this in
the virtual classroom. Participant 7 highlighted pros and cons to remote learning. She
cited the zero commute (which allows her the time to work) as a pro, but the lack of
peer interaction as the main drawback:

“But the negative part is kind of harder to connect with your classmates. I’ve made a few
friendships but they’re all like through text or Facetime or something and it's just it’s not the
same…I think unlike in a real classroom, it’s distracting when multiple people are talking, um,
like if you're in a room, and there’s a group of people who are talking or someone’s talking and
a professor’s talking, it’s just it’s more natural. But through video, if multiple people are
talking, it’s confusing.” (P7)

Participants 13 and 14 described decreased interaction in the remote learning
environment:

“it’s like we really don’t interact that much, it’s like the professor gets on, or teaches, and then
that’s it. Like I I personally don’t interact too much.” (P13)
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“So what she does on Zoom is make breakout sessions, break out rooms, sorry. So it's randomly
assigned, so you don’t know what group you’re going to be in, so you end up in a room, and
say the group is five people. Four people will have their microphone off the camara off, and you
now have to do a group assignment.” (P14)

Participant 24 also described very little interaction with peers during remote
learning; she’s part of a group chat, but doesn’t talk in the chat, preferring to talk via
text with one or two peers only. Interviewer asked participant 24 how this compares to
peer interaction during in-person learning, asking how often she interacts with peers or
asks questions. Participant said, “I mean I can’t really put a number on it. Just you
know when I need help. But I know I talk to them way more in person than I do now.”

Remote Location

Loss of Supplies/Resources
Overall, participants reported some loss of recourses. Commonly, resources that they
lost when learning became remote were the library as a quiet place where they could
have focused study, and the lab where students had access to software they needed for
their courses. At least one participant reported currently needing a printer and not
having access to one. Participant 7, among others, cited the library. Participant 13 also
said that “definitely the library” was a resource that she used as an undergrad (when
learning was on campus) “probably like once a week.” Participant 22 said that she used
the library to print. When asked where she prints since the library closure due to the
pandemic, she replied that she needed to get a printer (but currently uses apps as a
replacement). Participant 11 also cited the library as a resource used prior to the
pandemic:

“So most of the time when I used to do that I would go into the library and get my homework
done but now that you can’t go into the library anymore.” (P11)

Inadequate Internet Connection
Participants interviewed had access to in-home internet. There were some participants
that reported losing connection periodically. A small number of participants had breaks
in connectivity that resulted in missing at least some class time. We also discuss ways
in which participants had to adjust to relying on their private internet connection.

Participant 8 moved back to her family’s home when things became remote and had
to adjust to the inconsistent internet. She had to up the data on her phone to use it as a
mobile hotspot. She has since moved to an urban area with better internet, but reported
that even here the internet connection drops once a day.

Participant 16 reported that in Spring semester 2020, he got kicked out of his
internet about twice per class in that semester, and sometimes got kicked out of his
internet at the beginning of Fall 2020 semester. He reported that now his internet is
stable. Participant 10 lost Wi-Fi the day her finals were due. She also reported it being
“rough” that sometimes due to professors’ bad internet kicking them (the professor) out
of class.

“Sometimes I would have poor connection so like sometimes if my professors tried to talk to me,
I couldn’t respond, or it would be choppy, or they couldn’t hear me.” (P10)
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Participant 3 connected to classes via his phone and reported that he lost service
“here or there” but was able to connect to classes a majority of time. Participant 11
generally connects from her laptop, but sometimes has to log out of the Zoom meeting
and join from her phone when the connection is bad.

Inadequate Technology (Device)
The switch to remote learning has exacerbated existing inequalities between students.
Prior to Covid-19, students who could afford reliable internet, a good computer and
printer had access to these devices. (In this context we define good as a reliable device
that can run all software required by student’s courses.) They likely had their one
laptop, and either purchased a printer or used the ones available on campus. Students
who could not afford a good computer and printer still had access to a computer on
which they could run the necessary software for their classes and also a printer. But
now, the latter category might be left simply without access to adequate technology.
Two participants did not have computers that could handle the software necessary for
their major: one used some savings to buy a new laptop. One uses a Chromebook and
codes on repl.it (an online I.D.E). Participant 1 explained that some of his students have
to share a family computer and so did not always have access to a computer when
needed. A lot of students “will use their phone to communicate because for whatever
reason their computer uh is just too slow to be able to (inaudible) online connection.”
Various participants don’t have access to printers now. Another area in which we see
exacerbation of inequalities is in the working environment, discussed in following
sections.

Inadequate Working Environment
We have found in our investigation that generally, students interviewed have a harder
time learning from an online classroom than an in-person one. It is pertinent to note that
these students had mostly studied in physical classrooms in the past. That is, for most
of them, they had little experience studying virtually. But this is nonetheless a cost of
the switch to remote learning. We have also found that overall, participants gained
benefits from the switch to remote learning. Participants were able to work and attend
school, in some cases that wouldn’t have been possible without the online learning
option. No commute was another general benefit. There were notable exceptions. Not
all participants struggled with remote learning. In fact, a participant that never was
comfortable in the physical space of academia has benefitted. Nevertheless, prior to the
pandemic, these students learned in the same physical space for lectures. That is, their
learning environment for lectures was the same for all students. Their studying envi-
ronment might have varied, but there were some options for students whose home
environments didn’t foster focus and productivity: university library, labs, possibly the
public library. Since the switch to remote learning, participants have been generally
confined to their home space. In fact, only one participant detailed studying in a place
that was neither his home nor work (in academic labs). This means that students with
their own room or a reserved space without distractions have an advantage over stu-
dents that don’t have this access. For example, participant 17 and 7 work from home, as
do her family:
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“Especially because my mom is right in front of me, and my brother is like a couple feet away
from me. So he’s in class on the other side and my mom is in front of me talking about work in
the other area. So like I just get distracted with that.” (P17)

“…our home wasn't really ready for three people to be working from home.” (P7)

Participant 10 also had distractions by household members. She related that her
parents didn’t know when she was in class, so they would look to see what she was
doing, or continue to call her, which she says was distracting. Her perspective was that
her remote environment harmed more than helped her. Participants 13 and 9 were
examples of participants whose home workspace had distractions that interrupted their
work:

“when you’re home and it’s like your family’s home, and it's, oh can you do this, or do this, or
people are talking to you and you’e in the middle of class, it’s pretty distracting…it’s I guess
every time I have a class, or I'm in classes, always someone coming in my room asking me
about something, or some–like every time I have class, I guess I guess there's distraction pretty
much, and I have classes twice a week, so.” (P13)
“… I have a younger sister and sometimes she will play her music really loud, and I have 2
dogs at my house at my family’s house so they will bust in the door. People are in and out the
house and then my parents don’t know or always realize that I’m in class sometimes and will
come in my room talking to me and I’ll be in zoom or sometimes taking an exam…they don’t
really realize um and of course when I tell them they stop but of course they will stop but it’s
kind of distracting you know because in college you can go to the library or you have your own
room where you can just focus.” (P9)

Distractions in Remote Workspace
While there was some overlap in the previous and current section, this section is
dedicated to looking at elements of participants’ remote workspace that presented
challenges but without rising to the level of creating what author one interpretated as an
inadequate working space. Mainly, these are the distractions inherent to a home
workspace generally controlled by participants.

Participant 14 found it quite difficult to study while he only had his bedroom as a
study space, as it was very difficult to work “right next to (his) bed.” Participant 6 does
his homework while on break, at work. He has access to a room at work where he can
focus. However, he is sometimes interrupted by things that come up. Various other
participants reported some distractions from household members. Various participants
reported difficulty working from home. For example, participant 8 related that in
October of 2020, she felt distressed, and realized it was because she was literally living
in her workspace. She took measures to find a solution by dedicating three places in her
home where she expressly worked and stopped working in her bedroom. Participant 5
reported it being a challenge to work at home because it’s not a conducive environment
to working: “your home is your home; you don’t do work here.”

To evaluate whether they have an adequate working environment, we must con-
sider whether the student or faculty member is dealing with added challenges that can
be managed, or barriers beyond this. For example, participants that cite the lack of
obligation to be visibly present and interact still control this distraction. Does a student
whose only study space is a desk next to their bed in their bedroom have an adequate
working environment? Do participants whose workspace is “a few feet” away from a
younger sibling studying his own classes and a parent working from home have access
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to an adequate working environment? What is clear is that this is at the least, somewhat
of a disadvantage from students who have a distraction-free space in which to study,
especially if it is not their bedroom.

In evaluating the workspace of participants during Covid-19, we can divide the
challenges and barriers created by the remote workspace (or rather, created by the lack
of access to campus study and lecture spaces) into two categories: those that participant
controls and those that participant does not control. There were various participants that
cite challenges in the workspace belonging to the former category: they can look at
their phone, they’re at home so they have opportunity for distraction, they are not
required to be physically or even sometimes visibly present nor interact, so they have
the freedom to pay attention to other things while in class or instead of class. We are
more concerned with the challenges and barriers in remote workspaces of the latter
category, those that participants don’t control. A significant number of participants do
not have a space available that they can dedicate to work. Many participants were
working from home alongside siblings and parents. All of the participants had access to
internet, but several participants had some instability in their internet connection. Once
again, this may not disqualify their working space at adequate, but it undoubtedly puts
them at a disadvantage to students that don’t have to deal with a drop or stoppage of
internet connectivity.

5 Conclusion

We found that students and faculty were impacted by the pandemic directly, and also
by the challenges presented by remote learning. The former was loss of life or health of
persons close to participants, reported by some, and the fear and stress of living in a
pandemic, more frequent and pronounced in the case of participants with high-risk
family members. Remote learning presented participants with challenges and in some
cases obstacles that had not been present in the in-person learning environment.

With respect to the remote learning environment, the sudden switch to remote
learning had the most significant impact on participants whose home environment does
not provide for a private workspace. For these participants, distractions from household
members create a challenge that participants may not be able to control. As to envi-
ronment distractions that participants do control, it seems that participants that faired
best in remote learning were those that adapted to the remote situation by managing
those distractions or finding new ways of learning. There was a clear trend to engage
less in lectures. Participants overall find video lectures less engaging. Some participants
struggle learning materials. Others changed their approach to academic learning to rely
more on self-learning.

With respect to engagement, there was a clear trend toward less engagement both
among peers and between students and their instructors. The exceptions were partici-
pants that had high participation in remote communication like Slack. That is, par-
ticipants who were able to adapt to new technologies to replace in-person
communication in order to create or maintain connection. The remote classroom seems
to be a more difficult place for students to participate, because social interaction is less
“natural” in an online classroom than in an in-person classroom. As a significant
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number of participants that reported mental drain or stress or fear due to the pandemic,
it’s possible that this affected mental state, combined with a more “draining” learning
experience and a more challenging communication channel contributed to lower stu-
dent engagement.

Finally, we address the resourceful ways participants are adapting. Participants that
can no longer see each other in person are connecting via Facetime or phone calls.
Participants that used to rely on community-based learning on campus are using Reddit
communities to read about the course topics they are covering for supplementary
information. Now that students cannot have study groups in person, they have created
group texts where they discuss courses, remind each other of upcoming deadlines, and
help each other with coursework.
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Abstract. This paper investigates the challenges faced by design educators
with this new shift in education paradigm, from traditional studio-based learning
to online modes of instruction and discussion. The paper reports findings of a
study which includes a survey of 150 users of online education and in-depth
interviews of ten design educators who are currently taking classes online in
India. The findings suggest technical modifications that can be made to designs
of online education portals as well as to online design pedagogy so that they can
cater to design education in a more efficient manner.
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1 Introduction

In the wake of the COVID-19 pandemic situation, most of the countries have observed
a long period of lockdown. This has resulted in an unprecedented explosion of online
education. Though online classes have existed for a long time, they have taken a
newfound relevance with the constant need of virtual connection between students and
instructors in present times [1]. Particularly, in the case of studio-based design edu-
cation, this is a recent phenomenon, and is facing teething issues. This paper reports
findings from an investigative study conducted with design students and teachers. The
aim of this study was to understand the differences in teaching and learning experience
of online studio based design education as compared to conventional methods. The
study followed a mixed methods approach to understand issues and pain points faced
by the users of online platforms while imparting design education online.

1.1 Background

Studio based education is different from conventional lecture classroom setup and
studio spaces are an important part of design education. From a teaching and learning
perspective, the primary difference between the two set-ups is that studio based classes
allow students to apply theoretical knowledge and skills to create new artefacts. They
also promote collaborative learning as well as self-reflection among peers through
group activities [2, 3]. Teachers can demonstrate and assess students’ performance
simultaneously in a studio based setup, resulting in better physical and verbal inter-
actions. With the advent of platforms for online teaching and learning, many studio

© Springer Nature Switzerland AG 2021
P. Zaphiris and A. Ioannou (Eds.): HCII 2021, LNCS 12784, pp. 507–516, 2021.
https://doi.org/10.1007/978-3-030-77889-7_35

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-77889-7_35&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-77889-7_35&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-77889-7_35&amp;domain=pdf
https://doi.org/10.1007/978-3-030-77889-7_35


based learning activities are now being performed virtually. The authors posit that this
shift might change the teaching and learning experience for teachers and students
respectively.

Studies which have investigated teaching paradigm shifts of online design educa-
tion have reported academic stress due to online education [5]; benefits, challenges and
strategies of online education [6]; challenges in online education during the COVID-19
pandemic [7]. Literature has also suggested pedagogical changes that can be incor-
porated in order to overcome its challenges like the reported benefits of combining
studio classrooms with online technologies [5, 8], benefits of ‘blended learning’ that
include enhanced learning for students, improved assessments/critiques and decreased
faculty workload [9, 10]. It was also noted that a lack of “felt connectedness” affected
the teacher satisfaction and learnability of design students [11]. Benefits of using virtual
tools alongside physical interaction have also been reported. However, there is limited
literature available on the use of online platforms for design education and it may be
argued as one of the reasons why online design education is still at a nascent stage [12].

Worldwide lockdowns due to COVID-19 pandemic have not given the opportunity
of physical interaction and the teaching and learning mode have been purely virtual. It
is argued that design activities such as peer-learning need face to face interaction which
is difficult to achieve in full online mode [8, 10, 13]. Further, due to sudden lockdowns
in many countries, there was no time to reform educational practices and policies
especially for courses involving hands on practices. Online platforms such as Microsoft
teams, Zoom, Cisco WebEx etc. became popular among various educational institu-
tions to conduct virtual classes. However, these platforms were not designed specifi-
cally for education, particularly in the area of design. Online portals have been
constantly updating themselves with features based on user feedback. However, they
still have a long way to go in order to improve the teaching and learning experience of
their users. This has resulted in a need to identify features for an online education
platform that has tools to conduct virtual design classes. This paper reports an inves-
tigative study that identifies issues faced by design educators and students while using
online platforms for design education.

2 Research Methodology

The study was conducted in three parts: Firstly, an internet-based analysis was done for
three popular online platforms used for education in India, to investigate how different
features of such portals are being used for education and which of those features are
liked and disliked by users. The methodology was content analysis of online reviews
posted by users of these popular online portals. The portals which were analyzed were:
Zoom, Microsoft Teams and Google Classroom (Fig. 1).
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Next, based on the findings of the above-discussed analysis, a questionnaire-survey
was designed to investigate how users in India are interacting with the popular online
education portals. The survey was taken through a google-form and was shared with
design students and educators through emails and WhatsApp messages. 150 partici-
pants who used online portals for design education participated in the survey. 75.8% of
the participants belonged to the age group of 18–25 years and of these, 77 were
females and 73 were males. This survey aimed at investigating the most used, liked and
problematic features of the popular online education portals presently being used in
India. The survey also highlights the pain points of the users while they use these
platforms in a country where high internet bandwidth is still a luxury (Fig. 2).

Fig. 1. Sample of internet-based analysis done on three popular online portals used for education
in India

Fig. 2. Sample questions from the survey
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Lastly, semi-structured interviews were conducted with ten design educators, 6 males
and 4 females, who are currently taking online classes to understand the pain points and
desirable impacts of using online portals to impart design education. Purposive quota
sampling [14] was used to select the participants for this study. This allowed us to focus
on people whowould bemost likely to experience or have insights into the topic of online
design education in India. The interviews were conducted telephonically, and the
duration of the interview ranged between 20 min to 35 min. The average duration for all
10 interviews was 28.6 min. The average age of the participants was 33.4 years (st. dev.
5.4 yrs.) and the average experience of working in the design education sector was 4.8 (st.
dev. 4.14 yrs.) years. The profiles of the interviewees are summarized in Table 1. The-
matic analysis was conducted on the interview data post transcription [15]. From the
transcript of interviews of each participant, for both the questions, six ‘themes’ in
responses were identified which are discussed in the subsequent section.

3 Findings

While the findings of the survey revealed the most used, liked and problematic features
of online design portals, the observations from the interviews gave insights on the
possible modifications towards online design pedagogy as well as technical challenges
that can be taken up to redesign online education portals for a more efficient impart-
ment of design education.

3.1 Findings from the Survey

150 participants participated in the survey, who had used online portals for design
education. Of these 68% participants reported mostly using zoom classes, 45.8%
reported using Google classroom while 19% used Microsoft Teams. Blackboard and
Google meet was used by 7% of the participants while other online portals were used
by less than 2%. So the findings reflect on the features of the portals used by the
majority of the participants.

Table 1. Profiles of Design Educators who were interviewed

No. Gender Age Designation Stream Exp.

P1 M 36 Associate Professor Interaction Design 3
P2 M 30 Assistant Professor Architecture 5
P3 M 34 Associate Professor Fashion Design 10
P4 M 44 Dean Fashion Design 15
P5 F 29 Assistant Professor Interaction Design 3
P6 F 25 Teaching Assistant Architecture 1
P7 F 40 Teaching Assistant Design 2
P8 F 36 Teaching Assistant Interaction Design 4
P9 M 29 Educator Fine Arts 3
P10 M 31 Teaching Assistant Design 2
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Listed below are key findings from the survey on the usage of the design portals:

1. The duration of an online design class was reported to be longer than 1 h by most
(86.2%) participants.

2. 93.5% reported that most of the lectures were live and not recorded and the majority
(70.6%) also preferred it this way.

3. It was also reported that the participants (64.1%) would keep their videos on for
most of the time, and when they could not, it was due to either low internet (48.4%)
or privacy issues (37.9%).

4. A majority (71.2%) of participants used their laptops to attend the class and 64.7%
could access it on their own without the need for any external authorization (for
example the institute authorities).

5. The main problems faced due to internet connectivity issues were loss of live
instructions (68.6%) and freezing of screens (67.3%).

Listed below are key findings from the survey on the design features of the portals
and participant awareness about those features:

1. The online portals had provisions to create separate teams/chat rooms during a
session (to aid group work). However, only 24.8% of the users were aware of it and
68.6% reported that they did not know of any such feature in their education portal.

2. The feature Screen sharing was used mainly to give presentations on powerpoint
(66%) or to demonstrate the working of a design software (43.8%).

3. The grid view, which allowed to see the peers was a feature that was important to
52.9% of the users while 41.8% reported that it didn’t really matter whether they
were able to see their peers or not.

4. Although the softwares had features to assign and submit assignments, 72.5% of the
users were unaware of those and would use emails or Whatsapp to share their work
with the faculty.

5. 52.9% users would take snapshots of the lists of participants and 34.6% would
check the chat boxes and messages to record the session attendance.

Table 2 lists the most used, least used features and the most critical problems faced
by the users while Table 3 enumerates the pros and cons of the experiential and
technical aspects of the portals while attending their online design education classes as
reported in the survey.

Table 2. Most used and least used features of the online education portal

No. Most used features Least used features Most critical problems

1 Screen sharing Renaming participants Echoes and lags in audio
2 Session recording Virtual backgrounds Freezing of screens
3 Feature to mute

participants by the host
Sticky notes with
offline lectures

Simultaneous audio from
multiple sources

4 Scheduling/Calendar Inbuilt assignments Pop-ups during lectures
5 Chatbox besides live video Privacy issues
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3.2 Findings from the Interviews

Ten design educators, 6 men and 4 women, who are currently taking online courses
were interviewed to consider the pain points and desirable impacts of using online
portals to provide design education. The interview recordings were examined by
identifying the following six recurrent themes from participant responses:

1. Types of users: A key finding of the study was that an instructor and a student are
not the only key users of an online design education portal. Moderators (from the
instructor’s end) and attendee (who technically helps the student while he/she
attends the class) are also key users of such a portal.

It was found that moderators play an active role in organising classes, managing
assignments and acting as a communication link between students and teachers. In
order to have a smooth online class session, it is essential that moderators have a fair
technical knowledge about the software/online platform used to conduct classes.
This becomes more important with faculty who are not very technically updated, for
example for any emeritus professor, learning a new software to conduct class is
extra load to which they might not be very comfortable. In the interview, moder-
ators pointed out a few problems that they are facing in currently available plat-
forms. These problems were related to coordination between faculty and students.
For example, P8 reported that, “ The professor who I was helping would continue
the lecture, while I as a moderator had to look at student queries through the chat
box. This was not very efficient because there were always interruptions from
students while reporting the query and that led to a lot of confusion.”

It was observed that most online platforms have not categorised their functions
recognising moderators as a distinct user. Hence, while creating such platforms for
online design studios, it will be helpful to attend the needs of diverse user groups.

Table 3. Pros and Cons of experiential and technical aspects of online design education portals

Experiential Aspects Technical Aspects

Cons Restricted interaction/Lack
of connect

Problem in scanning and uploading

Less feedbacks from class Unsupported file extensions
Less Peer learning No uploading confirmation feedback
Slow lecture delivery No option to edit the uploaded file
Difficulty in concentrating Internet bandwidth dependency resulting in

Audio/Video Lags, Screen Pixelations etc.
Pros Time and space flexibility

Flexibility to share/present Flexibility to watch recorded sessions anytime
Slow learning in terms of
skill development
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2. Attendance: Marking and keeping a track of attendance was a common pain point
observed in this study. It was reported that attendees keep logging in/out multiple
times in a single session. This could be due to technical reasons like low internet
network connectivity. While the portals generally show/record a list of active
participants attending a session, the instructor is unable to keep a track of attendees
who joined in the middle of the session. It was reported in the interview that users
are using conventional methods for managing attendance in online classes. For
example, P7: “Earlier I used to write the names on a piece of a paper, later I used
to take snapshot of the screen to take a note of who all are attending the class
session”; P2: “The number of attendees shown in the status bar keeps on fluctuating
because students can go offline in between and then come back again. However,
when I take attendance at the start of my lecture, I ask students to raise their hands
as I say their name.”

3. Live Demonstration: For a design educator, a live demonstration of the design
process - ‘how’ he/she works on a project is as, if not more important as the theory
and the ‘steps’ behind it. This has suffered a setback in terms of the natural flow,
because the instructors have to keep in mind various other things like the camera
angle, lighting, poor video quality, audio lags etc. and are not able to really
demonstrate the process naturally. For example, P9: “While sketching, it's hard to
keep the sketch in the range of the camera. I can’t keep the sketching surface still as
I need to rotate the paper time and again.”; P7: “Apart from audio/video lags, it is
hard to keep a track of the camera angle/focus and perform at the same time. We
took help from another person for holding a camera during these classes.”

Even in cases of recording and uploading the process, the entire thing becomes
extremely tedious and time-consuming.

4. Group Work: One of the features of studio based learning is doing projects in
groups. Conventionally, the students would be divided into small individual groups
to work on a project in the class. This process involved students getting up from
their seats to interact, share, discuss, ideate, and create with their peers. Classroom
group works have suffered the most in online education as not all portals allow
breaking into teams while a session is going on. Even for the ones that do, the
formation of teams is random unless a moderator manually selects them. In the next
session, however, the teams are to be manually selected again if the same group has
to present the work. As design education thrives on group interactions with peers,
such limitations are detrimental to the way studio classes function. It was also
interesting to note that most users were unaware of these features in the portals that
provided them due to inefficient user experience designs. For example P2: “I didn’t
know if such a feature exists in any online classroom tool. Honestly, I have never
explored it.”
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5. Assignments and assessments: There are a lot of hand on assignments in design
education, which require the critique of a teacher during the process of creation. For
example, P9: “I need to look while the students work many times while teaching…
students are not able to sketch and share simultaneously. Even if there are no
network issues, problems like lighting conditions or camera resolutions are
demotivating for students to show their work”. Further, design assessments are
interactive, so that the student can learn how the teacher observes and then rectifies
a mistake. Virtually this does not happen, where both the student as well as the
teacher only share the final outcome. Moreover, most of the ‘hand-done’ assign-
ments which are not directly shared through a common software need to be
uploaded and then assessed, which is a very tedious process. For example, P2:
“Architecture students submit A0 size sheets in pdfs through mail. One problem is
that the files are heavy, another issue is that assessing the sheet with those
dimensions on a desktop/laptop screen is very tedious”

6. Student presentations: One of the important learning outcomes of a design pro-
gram has been imparting soft-skills, where the students are taught the art of pre-
senting their designs to a client, learn the value of getting critiques and experience
the growth in their thought process through peer review and interaction. To conduct
such presentations in the natural state are presently very difficult in an online class.
For example P6: “I have seen a drop in the level of class participation in design
presentation sessions in online classrooms. Most of the time I have to repeat the
same thing to every individual again and again.”

4 Discussion and Conclusion

A face to face interaction between a teacher and a student is irreplaceable. However,
this study finds relevance amidst the leap towards a global design community, where
design education can be imparted irrespective of the geographical location of the
teacher as well as the student, besides dealing with rare situations like the Covid-19
pandemic.

The contribution of this study is towards the manner in which design research leads
to shifting pedagogy of design education as well as to the design updates and features
needed for technological resources and facilities that have become an integral part of
the design curriculum. Technical and pedagogical suggestions from the findings of this
study are listed in Table 4.
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5 Limitations and Future Work

The aim of this study was to understand the differences in teaching and learning
experiences of design studio education using online platforms. The study was more of
an investigative exploration on the topic hence the authors would like to point a few
limitations to this study which can be attended to while extending further research in
this area. Firstly, the entire study was conducted digitally using online survey forms,
feedback, and telephonic interviews. The data collected is based only on the experi-
ences that were recalled by the participants at the time of reporting and not based on
direct observations of online design classes. Future studies can be planned to observe
teaching and learning experiences while users are attending an online design studio
class. Also, in-depth analysis of user interviews with more participants can be done to
gain further insights into the online learning and teaching experience. Moreover, future
studies can look into other fields of design education like jewellery design, vehicle
design, graphic design etc. to suggest more elaborate modifications to the online design
education.

Table 4. Technical and pedagogical suggestions from the findings of this study

Technical suggestions Pedagogical suggestions

UX features which are upfront so that users
can identify them easily in the portal

E-learning protocols should be made in
design institutes which specify the roles of
instructors and moderators in an online
studio

Automatic tracking and recording of
attendance based on the duration for which a
student is logged in. Cumulative records of
the attendance report for the course duration

There should be a limit to the maximum
number of students for an
interactive/practical design session online

Embedded Plug-ins of popular design and
presentation software in the portal

A protocol to schedule queries within a
session should be made to avoid audio lags
and confusion

Provision of a moderator/attendee) during the
class with specific controls like
mute/formation of teams etc

Different modes need to be developed for
online presentation as well as for peer
reviews

Recording of short timed sessions which are
shared directly

Ways need to be identified to ensure efficient
virtual demonstration of the design process
to students

Formation of non-random teams within the
class which can continue through multiple
sessions
In-portal assignment submission and
assessment with privacy controls
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Abstract. Since cancellation of face-to-face education during the health
emergency caused by COVID-19, higher education institutions, have had to
guarantee the right to education through virtualization. Therefore, this work
analyzes the teaching-learning process adapted to the virtual mode in the stu-
dents of technical subjects of the professionalizing axis in the industrial engi-
neering career a private university of Ecuador. Quantitative research is
performed for this using surveys, performance index collection, and historical
data. The method has a comparative scope between two academic periods,
contrasting the data before and after the pandemic, the indicators are taken from
students and teachers. The analysis of surveys is carried out in 3 components of
teaching, in students are obtained: planning and methodology, with 81.1%
considered as satisfied; teacher-assisted activities, with 79.1% content with the
activities; and in practical activities, with 74.9% according to the tools used.
Comparisons of indicators in different academic periods show minimal varia-
tions in performance, teachers improve the average performance score by 4.1%,
and students drop academic performance by 2.6%. Finally, the correlation
demonstrates a similar perception between students and teacher in the learning
practice component.

Keywords: Teaching-learning � Higher education � Virtual education �
Teacher performance index � COVID-19

1 Introduction

In December 2019, an outbreak of viral pneumonia began in the city of Wuhan,
associated with a new coronavirus, which was initially a local outbreak; it has become a
global pandemic with catastrophic consequences. In February 2020, an official taxo-
nomic name was established for the new SARS-CoV-2 virus, and the disease it causes,
Coronavirus Disease 2019 (COVID-19) [1]. The virus has now infected more than five
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million people and caused the deaths of 350000 worldwide, so most countries stop their
face-to-face activities to work remotely or online [2], forcing deep rethinking of the
way of life.

The Covid-19 pandemic is a major disaster experienced by almost every country in
the world, impacting on all the lifelines of each country; one of the sectors that have
been affected is education, aside from governments’ efforts to solve the consequences
of COVID- 19, they must continue keep the stability and sustainability of the learning
process that is the right of all citizens [3]. Because of the pandemic, the entire edu-
cation system has switched from traditional teaching methods to online learning sys-
tems around the world. COVID-19 reinforces the need to explore new learning
opportunities [4].

In the field of higher education, the transformation from conventional classes to a
virtual format was immediate [5] which has forced the “traditional” education system to
migrate to a more dynamic and connected system where the training process is carried
out in an assisted and/or remote way [6]. Digital technology becomes an integral part of
life, and also essential for connectivity and communication at all levels [7]. Based on
the “new reality” facing the world, educational institutions, through online platforms,
offered a solution to continue teaching and learning activities by trying to ensure an
effective flow of communication between teachers and students; sessions tend to run
slower because breaks are required to allow time for people to speak and others to
understand, posing an increased risk that students will be easily distracted, that is why
the teacher plays a fundamental role because in order to keep students engaged longer,
they require preparing more resources [8] which led to a real challenge since they have
found the need to “learn by doing”, to imitate face-to-face teaching [9]. In this scenario,
they continue their academic activities adapting to non-face-to-face formats through
different digital platforms [10] that involve the use of virtual classrooms, applications,
devices and software that, despite social distancing, communicate us interactively with
the world [11].

In Latin American countries, the difficulties of this challenge are increased by
socio-economic inequalities, with the consequent digital gaps of both students and
teachers [12] as specific resources, skills and competencies are required that are not
necessarily owned by each party. Teacher’s activity is linked to the pedagogical use of
digital technologies, as well as creativity to solve different challenges of the context
that allow to develop creative and autonomous learning by the student [13].

According to [14], online education has great advantages as any videoconference
must be recorded and socialized for later use, as a source of consultation and support
for students. However, there are also disadvantages, one of them the fact that not all
students have handy electronic devices and/or internet, which makes it difficult to
attend classes and, therefore, their level of learning is reduced.

In [15], it is clear that there are basically three gaps affecting the quality of learning
and teaching processes in COVID-19 times due to factors that affect both learning and
professional performance through online education. The first gap relates to access to
technological means or devices, the second to the efficient use of technology, and the
third relates to school capacity, i.e., teacher skills, the availability of online resources to
support teaching at all levels.
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As [12] points out, the diversity of realities in which the virtual teaching-learning
process takes place makes it difficult to propose a standardized communication strat-
egy. The selection of communication channels depends on the technological resources
that students have in their homes (devices and internet connectivity), the educational
stage and the digital skills of teachers and students.

Undoubtedly, one of the concerns of educational institutions is to find the appro-
priate method for teaching subjects that require face-to-face practicums to strengthen
knowledge. The experimental component presents major challenges for its imple-
mentation [16]. One of the branches related to practical education is engineering; due to
this global emergency, teachers have found the need to look for tools that allow
students to solve problems without carrying out practical face-to-face activities,
through case studies, applications, use of simulators, necessary to understand the dif-
ferent processes and further develop their capacity for autonomous and critical thinking
[17].

This article sets out the perspective of both teachers and students regarding the
teaching-learning process of the subjects in the area of management of productive
systems, of the face-to-face mode of the Industrial Engineering career, in order to
analyze the level of acceptance of virtual learning during the first partial, of the first half
of 2020 (academic period A20), with regard to the face-to-face teaching of the first part,
of the second half of 2019 (academic period B19); in this way conclusions can be
drawn on the impact of virtual classes in the area of management of productive sys-
tems. This article is divided into several sections: introduction, where the problem is
contextualized and justified; the method used to obtain the relevant data for research;
the results obtained, as well as the conclusions.

2 Methodology

2.1 Research Design

This study is a quantitative research, and its scope is comparative, as an analysis of the
results obtained from 187 surveys applied to students who have classes of the subjects
of the professionalizing axis in the industrial engineering career is carried out. The
surveys were also applied to 21 teachers who teach subjects in this area. In addition,
teacher and student performance rates are used to compare them in two different
academic periods, before and after the onset of COVID-19. Teaching performance is
evaluated from the perspective of the student, who complete a comprehensive
assessment to the teacher that measures the level of conformity of students with
teaching performance, this quantification is performed in all academic periods to
feedback the performance of the teachers. Student performance is obtained from grades
generated during the study period, obviously assigned by teachers. These scores are
also attained from an earlier academic period, when still working in face-to-face mode.
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Figure 1 presents the methodology used for teaching-learning analysis, the data to
be collected in different ways; the questionnaire is completed using a Likert scale that
allows to measure the perception of teachers and students in three academic compo-
nents. A teacher evaluation is also applied by measuring student satisfaction with
teaching in 6 technical subjects. Regarding learning, students are assessed. In addition,
historical pre-pandemic data are used in relation to teacher evaluation and student
assessment, with the aim of comparing the data in different circumstances. In addition,
a correlation analysis is carried out between the responses of teachers and students to
the developed questionnaire, with the purpose of contrasting these different
perspectives.

2.2 Surveys

A survey of 7 questions is prepared in Google Forms, using closed questions divided
into three components: 1. Planning and methodology (3 questions); 2. Teacher-assisted
activities (2 questions); 3. Practical activities (2 questions), to obtain accurate infor-
mation about each of them. Each of the questions has four options (never – on occasion
– almost always – always). In order to give validity and reliability to the questions
posed, they are subject to expert judgement in order to verify their correct approach.
The analysis uses the data visualization technique for which graphs are made to detect
behaviors and make comparisons with respect to the data obtained, using Excel.
Table 1 presents the questions applied to the 187 students and the 21 teachers of the
Industrial Engineering career, of the professionalizing axis.

Fig. 1. Methodology for the analysis of teaching-learning in the industrial engineering career.
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2.3 Assessments and Historical Data

Each academic period (comprises 5 months) an evaluation is carried out to each teacher
which is performed by students and authorities of the Industrial Engineering career, in
which a percentage of compliance is assigned to the different activities that must be
carried out independently or together; for this case, the evaluations of academic periods
will be analyzed: B19 (September 2019 to February 2020, which was face-to-face) and
the A20 (April–August 2020, which was virtual). Considering that information will be
collected only from teachers who teach the subjects corresponding to the profession-
alizing axis, with the aim of analyzing the information to see if there is an impact
within face-to-face education vs. virtual. Table 2 shows the percentage out of 100% of
the outcome of evaluations to teachers in the B19 and A20 periods.

Table 1. Survey questions by components (C).

C Question

Planning and
methodology

-Do you consider that the methodology and planning of the formative
projects of the professionalizing axis taught in virtual mode are
appropriate to meet the objectives and contents?
-Do you consider that the contents of the formative projects of the
professionalizing axis have been adapted according to the training
needs in the virtual mode of education?
- Do you consider that during classes in the virtual mode of the
formative projects of the professionalizing axis, additional teaching
resources such as videos, glossaries, presentations that allow to
strengthen learning have been used?

Teacher-assisted
activities

- Do you consider that the exercises and/or case studies developed
during the classes in the virtual mode have been adequate and
sufficient for a better understanding of the contents of the formative
projects of the professionalizing axis?
- Do you consider that both individual and collaborative learning has
been encouraged during classes in the virtual modality of the training
projects of the professionalizing axis?

Practical activities - Do you consider that the practical implementation and
experimentation activities (PAE) developed during classes in the
virtual mode have been adequate and sufficient for a better
understanding of the contents of the formative projects of the
professionalizing axis area?
- Have simulators been used to carry out practical application and
experimentation activities (PAE) during classes in the virtual mode of
the formative projects of the professionalizing axis area?
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Then, a history of the average of grades obtained by students in the subjects
belonging to the professionalizing axis was made, whose average is out of 5 points
(Table 3). These grades correspond to the academic periods B19, which was developed
in person, and A20, that was executed virtually due to the “new reality”.

2.4 Participants

Surveys are conducted to students who are enrolled in the subjects of the area of
management of productive systems and to the teachers who teach them. In reference to
teachers, it is important to clarify that of the 21 teachers surveyed 3 are hired part-time
(TP) 12 hours per week, and 18 are hired full-time (TC) 40 hours per week (8 hours per
day). With regard to the ethical standards of this research for data collection, it is
important to note that the respective authorization is available by the career authorities to
be able to conduct the surveys of both teachers and students with their informed consent.
The number of respondents, as well as the evaluated subjects can be observed in Table 4.

Table 2. Summary of teaching evaluation.

Teacher code B19 A20 Teacher code B19 A20

DCII – ACMI 96,4% 100,0% DCII – ORER 96,6% 96,0%
DCII – CMLE 97,4% 98,8% DCII – PGDJ 90,4% 90,5%
DCII – CVJS 90,6% 95,2% DCII – RMMB 96,2% 92,0%
DCII – CNLG 92,2% 98,0% DCII – STFD 97,2% 97,2%
DCII – CAME 92,2% 65,2% DCII – SAEL 88,0% 92,0%
DCII – EPCA 96,6% 97,2% DCII – SDPE 93,8% 98,4%
DCII – FPEM 91,0% 97,4% DCII – TIME 88,4% 98,6%
DCII – LCAR 97,4% 96,4% DCII – VAJL 96,0% 99,2%
DCII – MMVH 93,2% 95,4% DCII – VCCS 88,6% 90,0%
DCII – MVSP 94,4% 90,8% DCII – VPDA 83,6% 94,8%
DCII – NMOM 90,2% 95,2%

Table 3. Average student grades.

Subject Period B19 Period A20

Programming 4,2 3,6
Work Design and Measurement 3,4 4,6
Method Engineering 4,1 4,3
Operational Research 4,3 4,0
Production Planning and Control 3,7 4,1
Operations Management 4,1 3,9
Production Management 4,1 4,1
Plant Design and New Products 3,5 3,7
Operations Management 4,1 4,5
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3 Results

3.1 Student and Teacher Surveys

Table 5 shows an overall average of the results obtained in the surveys applied to
students, within the planning and methodology component where the planning used to
teach is analyzed, if the contents are according to the needs of the environment and if
the teaching resources such as videos, infographics, glossaries allow to strengthen the
learning. There is a 46.5% for almost always. The other component is teacher-assisted
activities, which examine the different case studies applied in the classes, autonomous
and collaborative work, resulting in 40.9% for almost always. Finally, the practical
activities component, whose study corresponds to the tasks where simulators are used,
with 42.8% for almost always.

Table 4. Participants' Demography - Male (M) and Female (F).

Subjects Level Teachers Students
M F Age Average M F Age Average

Programming 3 2 1 36 25 1 20
Work Design and Measurement 4 2 0 42 19 5 20
Method Engineering 5 2 0 40 27 1 21
Operational Research 5 2 1 40 27 1 22
Production Planning and Control 6 1 1 42 13 1 22
Operations Management 7 2 1 42 9 3 23
Production Management 8 1 1 40 11 2 23
Plant Design and New Products 9 1 1 37 19 2 24
Operations Management 9 1 1 36 19 2 24
Total 14 7 169 18

Table 5. Student survey results.

Planning and methodology
component

Teacher-assisted
activities component

Practical activities
component

Never 2.9% 2.1% 4.3%
On occasion 16.0% 18.7% 20.9%
Almost always 46.5% 40.9% 42.8%
Always 34.6% 38.2% 32.1%
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Table 6 indicates the average percentage of surveys applied to teachers in the
Industrial Engineering career who teach in the subjects of the professionalization axis.
As for the planning and methodology component, 58.7% believe that they always
allow learning objectives to be achieved. Regarding assisted activities, 66.7% state that
they always help to understand the contents. And 50.0% believe that practical activities
almost always contribute to virtual learning.

3.2 Assessments of Students and Teachers

Figure 2 shows the percentage comparison of the teacher evaluation carried out before
and after the “new reality”.

Figure 3 presents the averages of students’ grades in face-to-face mode. Figure a
shows the comparison between the periods detailed in the method, contrasting the
grades before and after the “new reality”. Minimal differences are visible, which are
backed up by an average error of 2.6% between both data.

Table 6. Teacher survey results.

Planning and methodology
component

Teacher-assisted activities
component

Practical activities
component

Never .0% .0% .0%
On occasion 4.8% .0% 9.5%
Almost always 36.5% 33.3% 50.0%
Always 58.7% 66.7% 40.5%

Fig. 2. Result of teacher evaluations in periods B19 and A20.
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3.3 Comparison of Scores for Students and Teachers

Box and whiskers plots are used to compare performance and performance results in
students and teachers, analyzing the central trend and the distribution of values.
Figure 4 presents the graph of student grades in academic analysis periods with the aim
of analyzing learning data; period B19 has an average of 4.1/5 and a standard deviation
of 0.32, and the A20 period has an average of 4.1/5 and a standard deviation of 0.34.
Although the mean remains for both data groups, and the deviation varies minimally,
the quartiles of the period in virtual mode are shifted upwards, showing symmetrical
quartiles and a small improvement in grades in some cases.

Fig. 3. Average number of student grades in the subjects of the teaching axis.

Fig. 4. Box and whiskers plots for students’ grades in 2 academic periods.
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Regarding the teaching analysis, Fig. 5 shows the box and whiskers plots of the
teacher performance indicator in the academic periods studied (discarding the case of
score lower than 70%). In the period B19 there is an average mark of 93.2% with a
standard deviation of 3.84% and in the A20 period an average of 96% with a standard
deviation of 3.01%. These results show an improvement in teachers' assessments for
the period in virtual mode, increasing the scores obtained and reducing the dispersion
of the values. In general, it is notorious that both teachers and students improve scores
in the new mode of study.

3.4 Correlation of Student and Teacher Surveys

Figure 6 shows the differences in the criteria with respect to the methodological field of
the learning teaching process in the virtual mode, so that teachers show a mostly
positive current in the assessment ranges, while students present a small percentage that
considers that methodology and planning is not adequate or has not migrated optimally
to virtuality, when the analysis of the relationship that the two variables have with each
other was performed, a r = 0.811 was obtained which for our interpretation means that
both the responses of teachers and students maintain a relationship with each other,
especially in the ranges of almost always and always.

Fig. 5. Box and whiskers plots for the performance of teachers in 2 academic periods.
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With regard to the component of teacher-assisted activities, presented in Fig. 7, it
can be commented that students, in a percentage of approximately 20%, consider the
activities carried out with the teacher have been inadequate or insufficient, although a
large majority, approximately 40%, consider that almost always the activities are
adequate, however the correlation of these does not exceed an r = 0.811 which indi-
cates that the variables are related but not in a linear way. It is worth highlighting,
above all, the perception of teachers regarding this component especially in what
corresponds to always.

Fig. 6. Relationship of the planning and methodology component.

Fig. 7. Relationship of the component teacher-assisted activities.
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The component of the practical activities presented in Fig. 8 shows the best cor-
relation with the variables used, with a r = 0.958 based mainly on responses by stu-
dents in which 96% of students consider that the virtual applications, simulators, and
tools used for the development of the practical component, is relevant and provides
knowledge and skills that contribute to vocational training.

4 Conclusions

This research performs the learning analysis in university students who take subjects
linked to the area of management of productive systems in the Industrial Engineering
career, for this, surveys were applied to students and teachers, investigating the com-
ponents of planning and methodology, assisted and practical activities. The results
indicate that 43.4% of students almost always achieve learning outcomes in the new
mode of study. For teachers, 55.3% indicates that learning results are always achieved.
In addition, grades are compared before and after adopting the virtual mode to carry out
the learning-teaching process, showing slight changes because of the new study
scenarios.

In the process of bibliographic review carried out for the preparation of this doc-
ument, the small number of studies related to the scope of development of this research
is evident; this directly related to the atypical situation that the world is going through
and therefore, mandatory migration to virtual environments caused by the confinement
of the pandemic by COVID 19.

Depending on the results generated in this job, the following relationships can be
established. There is no total satisfaction on part of students with the tools and
resources used for the development of the learning teaching process used in the new
mode of study, while, on the other hand, teachers consider that the methodology used is
adequate to develop the critical and cognitive skills of the student. With regard to the

Fig. 8. Relationship of the practical activities component.
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differences in grades, they are typical of the process of adapting to a new study
environment so they are not considered as representative data to define a sudden and
entirely negative effect for the virtual mode and the new reality.
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Abstract. This paper focuses on digital learning environments. More specifi-
cally, the paper studies two research questions, namely “comparing with in-class
lectures; what are the difficulties with lecturing digitally, and how can these be
best mended?” and “when designing digital lecture materials: how can lecturers
facilitate so that students are able to achieve the subjects’ learning aims?”. To
answer these questions, different approaches were tested in two different sub-
jects, namely in physics and communication and language. Moreover, previous
literature and especially Salmon’s e-tivities theory are relevant, and the results
are obtained through a questionnaire as well as interviews with the student
representatives. The results entail that students participate less from home than
on campus, and that the students’ perceived learning outcome is higher when it
comes to activities done on campus. Furthermore, although the learning designs
were created for collaboration and social interaction, many students avoid
engaging in groups. The authors suggest that lecturers need to be aware of
students’ insecurities when designing digital learning environments as well as
consider providing solution guides. Nevertheless, more research is needed to
conclude.

Keywords: Blended learning � Active learning � Digital collaboration

1 Introduction

Spring 2020 became quite a special ending to a year of study in Norway. Due to the
Covid19-virus, all higher education institutions (HEI) closed their campuses for almost
all students, and instead focused on providing online solutions for education. Although
the institutions received good feedback and many honorary comments from the society
abroad, the students still demanded better lectures for the autumn semester [1]. The
criticism from the students is mostly directed towards lecturers lack of digital com-
petence, and the fact that most lectures were made digital in its original form, instead of
using the tools available and rethinking the design and format of the traditional lecture.

This was the background the staff at the Preparatory Course for Engineering Studies
at the Norwegian University of Science and Technology (NTNU) used to prepare the
semester. The course consists of four subjects: mathematics, technology and science
(TekSam), physics, and communication and language (KomNorsk). This article focuses
on the methodology and format introduced in the two latter subjects. The study took
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place during the first two months of the semester, August until October 2020. The
paper will show the blended learning approach introduced, and explain why this was
conducted.

One of the main reasons for implementing different blended learning approaches at
the course was to research which learning environments aided the students the most
when doing online learning. The purpose of this paper is to report on these learning
environments and the results collected. Moreover, the paper aims to answer the
research questions 1) comparing with in-class-lectures; what are the difficulties with
lecturing digitally, and how can these be best mended?, and 2) when designing digital
lecture materials; how can lecturers facilitate so that students are able to achieve the
subjects’ learning aims?

2 Background

The course consists of five groups with 60–65 students each, and the groups have their
own classrooms equipped with state-of-the-art educational technology. Physics has
eight hours of lectures every week, whereas KomNorsk has nine, and the final exam in
both subjects is a written exam of five hours.

Before the semester began, the capacity in the classrooms was almost halved. The
focus group in this article consisted of 65 students in the KomNorsk-group and
approximately 100 students in the physics group. The classroom for the KomNorsk-
group only had capacity for 41, and for the physics group only 62 students were
allowed at the same time. This meant that we had to divide the group in two. Fur-
thermore, we decided to divide the groups into smaller clusters, so-called cohorts, of
five students, in case even more severe restrictions would be implemented later in the
semester. In addition, the cohorts could work physically together, as well as spending
time with each other during their spare time.

During the study period, different blended learning approaches were introduced in
the two subjects researched in this article. Firstly, some lectures were fully digital, i.e.
all students attended live lectures online. Some lectures were streamed, i. e. some of the
students attended lectures physically, while others stayed at home and watched the live
lecture online. Thirdly, some lectures were designed as practical exercises at campus,
where a limited amount of students attended each exercise. Additionally, to provide
sufficient learning outcomes for the students forced to stay at home, there were
designed digital home activities. These were intended to be done either individually or
in small groups of approximately five students. These groups were the same throughout
the period.

The physics students had four sessions of 90 min each week, where each session
consisted of a different activity. Moreover, there were two exercise sessions, one with
written problems and one session with practical exercises [2]. In the final two sessions
only half of the students had access to the auditorium due to the Covid-19 restrictions.
Consequently, the class was split in two groups of equal size where each group had one
lecture every week, and one session where they did different activities from home.
These activities included watching a stream of the lecture given to the other group,
watching learning videos from Campus Inkrement [3], working individually with
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written problems, and working in fixed digital groups using a video lecture system
implemented in NTNUs preferred Learning Management System (LMS) Blackboard;
Blackboard Collaborate [4]. In the digital groups, three different activities were used: 1)
multiple choice questions, most of them conceptual; 2) activities and problem-solving
using simulations from PhET [5]; and 3) creating summaries of a previously reviewed
part of the subject by expanding on given learning goals. In all these home-based
activities, apart from watching a stream of the lecture, it was not possible to com-
municate with the lecturer as he was giving a lecture to the other half of the class.

When it comes to KomNorsk, the students were divided in two separate groups,
C1/C2. Each group attended classes at campus every other week where they had seven
lectures. Additionally, there was one common digital lecture for the class every Tues-
day. During the Tuesday-lecture, all the theoretical background from the curriculum was
taught, mainly in a traditional lecture format. The lecturer had prepared either a Pow-
erPoint or tasks to exemplify, and the students attended digitally through Blackboard
Collaborate. The students were provided the opportunity to chat and to ask questions
orally. Mainly it was the chat functions that were preferred in these lectures. A few times
the lecturer aimed at creating some interaction, through either break-out rooms for
collaborative work or the response tool iLike [6]. Thus, the theoretical elements for the
week were common for the whole group. During the rest of the week the two groups
worked in different ways with the curriculum. At campus there was an extended amount
of guided writing, discussions and group works, based on assignments provided by the
lecturer. In addition, there were some small lectures to explain curricular phrases and/or
other difficult passages in the curriculum. The group working at home was provided
different materials, like video clips, additional writing tasks and assignments to work
with throughout the week, which were intended to be used at campus the following
week. They were also urged to collaborate in fixed groups of five students.

3 Theoretical Framework

There is always much to consider when designing learning environments at higher
education institutions. You must contemplate resources, infrastructures, class sizes, the
students’ background and the student group’s previous knowledge [7]. No matter what
you consider, and what your aims are, aiding the student group in achieving their goals
will always be the most important aspect. The design might be even more important
when doing online learning, due to the lack of direct communication between teacher
and students, peer learning and micro-communication. In this project we based our
approach to the digitalization of the curriculum mainly on theories retrieved from
development of MOOCs and e-tivities-design.

For the first part of the study, which is described in a previous article [8], the design
was mainly based on MOOC theory. When the pandemic COVID19 hit in March 2020,
closing campus lectures, the staff members at NTNU mainly had access to the preferred
LMS Blackboard. This put some restraints and limitations on the opportunities, but
during summer and early autumn 2020, there was time to investigate successful
approaches of delivering an adequate design also for online learning. For the focus
group in the present study it was necessary to create interaction and communication
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also online, and it was therefore interesting to look into the research and solutions
provided through the development of MOOCS, starting back in 2008 with Siemens and
Downes in Canada [9]. In this study, Blackboard was used as the platform, and the
system Collaborate as a video conferencing system.

When considering the pedagogy in MOOCs, there are different formats and
approaches that could be implemented. For instance, a c-MOOC would focus on
establishing networks between learners and led by faculty members, something that is
already present in our focus group [10]. However, a typical c-MOOC would also base
its learning resources on different open source learning platforms, thus pedagogically
relying heavily on connectivism, autonomy, peer-to-peer learning, social networking
diversity, openness, emergent knowledge and interactivity [11]. A different approach is
found in the xMOOCs, which is more concerned with learning by doing, and their
structure is more similar to teacher-led university courses, built on lectures and
assessment [12]. This includes a higher number of small video lectures, collaborative
tasks, Q and As and even streamed live-lectures to some extent. The MOOC pedagogy
is based on an innovative learning approach, something that is necessary in a time like
2020. However, due to limited time and the framework for the course, it was impos-
sible to design a whole MOOC-course for our pilot group [8].

In order to have a successful implementation of online learning environments it is
necessary to encourage students to actively participate and create a sense of belonging
to a community of learning. “In the new culture of learning, people learn through their
interaction and participation with one another in fluid relationships that are the result of
shared interests and opportunity” [13: p. 50]. In the first study [8], we realized that
creating communities for online learning is difficult when students have to watch
lectures online. The students were reluctant to participate actively in discussions, they
avoided discussing with peers online, and rarely used the video and/or chat function-
alities to ask questions in plenary. It was therefore difficult to create a collaborative
learning environment with a high degree of information exchange. Hence, it was
needed to look beyond the MOOCs pedagogy in order to design better and more fluent
learning environments.

Following the implementation of the streamed activities spring 2020, we identified
five problematic areas that needed to be mended during the design of online learning
lectures:

1. Active participation
a. Students attended lectures, and followed classes, but they turned off their cam-

eras, did not use the microphone and in general participated less than they would
have done in an ordinary lecture at campus. This included fewer questions for the
lecturer, and less interaction between peers. Some did, however, use the chat
function available in BB Collaborate, which allowed the lecturer to address some
questions. Active participation is essential for learning amongst new students,
especially when introducing technological tools and systems [14], entailing that
the learning designs need to include ways of activating the students.

2. Collaborative work
a. One of the reasons why gamification has been increasingly popular in the latter

years might be because it allows students to participate and interact through
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educational technologies [15: p. 20]. It is important to allow students to col-
laborate when doing online learning. This has been the subject in many papers
discussing both online learning in general and MOOCs [10], and needs to be
addressed. Active learning and gamification have been a well-known source for
learning and increase the learning effect for new students. One of the key ele-
ments for collaborative learning is face-to-face-interaction [16], which is
removed when implementing online learning environments. When designing
online learning activities, one needs to keep in mind the difficulties concerning
the lack of face-to-face-interaction, and look for possible solutions for repli-
cating the effects of this in a new way.

3. Self-regulated learning
a. An essential argument for students’ learning and development as students

throughout their study life, is their ability to self-regulate and understand their
own learning process: “Self-regulated learning strategies refer to action and
processes, directed at acquisition of information or skills that involve agency,
purpose, and instrumentality perceptions by learners.” [17: p. 5]. This includes
the ability to access curricular elements, treat curriculum in an adequate way and
learn how to study in an effective way.

4. Access to curricular elements
a. In an ordinary lecture, the teacher will always provide the curriculum and

subjects relevant for the students and their final exam. This is one of the
essentials missing when doing online learning without close moderation from
the teacher. According to Salmon (2013), information exchange is step three in a
successful deliverance of online courses, and highly necessary for knowledge
construction [18]. The absence of the moderating lecturer needs to be mended
and/or replaced, mainly through intelligent and effective ways of peer-to-peer
collaboration. In an online environment collaboration can be defined as “To
interact, communicate and collaborate through digital technologies while being
aware of cultural and generational diversity” [19]. This includes interacting,
sharing, engaging socially and culturally, using digital tools for collaborative
processes, netiquette and even managing your own digital identity, meaning that
it is difficult to achieve for new students without thorough training and practice.

5. Learning design (mainly for the teacher)
a. The alteration from ordinary, physical lectures on campus to an online envi-

ronment includes a change in the learning design provided by the lecturer. It is
problematic, if not impossible, to replicate physical learning environments
online, something that is often being tried. One needs to consider the available
tools, without letting the tools and technology define the pedagogy: “Pedagogy
and technology are intertwined in a dance: the technology sets the beat and
creates the music, while the pedagogy defines the move” [20]. One must con-
sider teaching styles, especially ways of structuring the content and one must
acknowledge the lack of direct communication. Hence, the teaching design
needs to not replicate or copy ordinary lectures, but instead use the inherent
opportunities already found in the technology and environment. In many aspects
this is the most difficult point to achieve and needs extra attention in the course
design.
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The aim of this study was to see if these problematic areas could be improved
through blended learning approaches. According to Gilly Salmon (2013) there are five
stages of development that a learner in an online community needs to go through, and
that the lecturer must consider [18]:

As shown in Fig. 1, Gilly Salmon (2013) claims that there must be close interaction
between lecturer, technical support and the learners themselves to succeed with online
implementation of learning activities. In an environment as the one at the Preparatory
Course for Engineering Studies at NTNU, some of the infrastructure is already defined,
such as class-size, designated teachers, choice of LMS and workload for students
throughout the week. NTNU, as most HEIs, is pre-set with ICT support, and therefore
Salmon’s technical support is a factor that this study did not consider when designing
the courses. Still, considering that online learning was quite unknown for the students,
and the fact that they are first-year students, accessing new systems takes some time.
This is also commented on by some of the students in the reference group (for reference
groups, see methodology). When asked an open-question about what they think of the
lectures and design so far, one of the students finishes the answer as follows (all
translations made by the authors)1: “[…] In general I believe it works very well, but
people lack training and experience with some of the tools. That shows. There are some

Fig. 1. G. Salmons five stages of successful online learning implementation (retrieved from:
https://www.gillysalmon.com/five-stage-model.html)

1 All interviews, transcriptions and use of these are approved by Norwegian Centre for Research Data.
The transcriptions can be accessed by contacting the authors of this paper.
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measures that should be introduced, such as with Blackboard, to make it more suited
for streaming.” This emphasizes the need Salmon introduces for technical support, or at
least training in using the systems and tools. The students are still very clear in the
interviews that the subject should be prioritized, something that was the main aim also
for the learning designs created for this study. For future studies the technical support
phase should be even more integrated also in the objectives and present in the research
question.

This study primarily considers the implemented activities that should aid the five
problematic areas for the student group not allowed or able to attend physical lectures
on campus. The key area is to be able to create interactivity and aid the students to
actually collaborate and be able to access the third level in Salmon’s model: infor-
mation exchange in order to gain more insight to curricular information.

4 Methodology

Seeing that one research question for this study being ‘When designing digital lecture
materials; how can lecturers facilitate so that students are able to achieve the subjects’
learning aims?’, it was especially important to implement the first three stages of
Salmon’s five stage model. It seemed, considering the research period (mid-august until
mid-October 2020), difficult to train and equip a whole group for stage four and five,
but still possible for some of the students to reach these levels through the activities
delivered.

At level one, there is a question of granting students access and encouraging them
to engage in the online environment. The encouragement seems a bit given, since the
students are positive and attend the study by choice. Nonetheless, it is important to
motivate, and especially explain the reasoning behind implementing this type of
learning environment. Previous research done at NTNU shows the importance of
introducing new technology and the methodological reasoning to the students as this
helps build expectations and motivation [21]. Salmon states her motivational purposes
in the expectancy theory, which says “[…] that the learning activity must have value to
the learner and that the learner must expect to succeed.” [18: p. 21]. This was important
also in our learning design, especially considering the aspect of self-regulated learning.
This was stressed by the teachers, and the students were explained the importance of
active participation and collaboration with peers.

Additionally, the formal rules were introduced, the number of students allowed in
the classroom was limited, and the message from the board was clear that all students
should be provided some physical lecturing during the semester. The lecturer explained
thoroughly the reasoning behind the blended learning approaches, and especially
focused on the extraordinary opportunity these first-year students were granted to self-
regulate their learning and become more independent throughout the year. One of the
most important measures that was taken, which needed extra explanation and moti-
vation, was the meaning of the cohorts. With online socialization, it is vital to create
smaller groups that can work together and learn from one another [18: pp. 22–25].

The most problematic area when creating the design was how to make an envi-
ronment for exchanging information, both from lecturer to students but also among
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peers. One important factor is that students often are reluctant to turn on their cameras
and ask questions orally during digital lectures with the whole group: “(Student D) […]
students only participate via chat […] I think that many do not bother to write a
question because it takes too much time. The teacher might just move on, and then you
lose what has been going on.” Even worse is the fact that they have the same behavior
also when collaborating in smaller groups:

(Student D) And then it is a bit like people, I should not say it too certainly, but I have a feeling
that people do not engage when they are on stream. We see it in these group tasks where I end
up on a group with one. The mic is muted, camera off. Been sitting there for ten minutes…

The fact that students do not actively participate, discuss, and exchange information
with each other needs attention when designing online learning environments. The
lecturer needs to create activities and safe environments that enhance and/or force the
students to collaborate.

The methodology and design of the first survey can be found in Talmo & Karlsen
2021 [8]. This study consisted of one quantitative survey with nine questions, and two
thematic interviews with a total of four students involved. During the latter, we asked
questions to gain more insight to interesting results from the quantitative data. This
approach gave useful information and was copied and refined in the second survey.

In the second group of informants (consisting of approximately 100 students) the
survey consisted of a questionnaire on Blackboard open to all students in the class as
well as an interview with the group of student representatives. These are students
elected by their peers to represent the student group in meetings with the subject
teacher, in order to improve the quality of the curricular lectures [22]. The questions
focused on the students’ motivation for the different activities used, and their perceived
learning outcome. In the questionnaire the students were asked to evaluate their
motivation and their learning outcome from eight different learning activities that had
been used in the first two months of the semester. The questionnaire used a five-point
Likert-scale ranging from very unmotivated to very motivated and from very low
learning outcome to very high learning outcome. There was also one open-ended
question for each learning activity where the students were asked for suggestions to
improve this activity. The students had time to answer the questionnaire during a
student-active learning session. Moreover, those not attending this session were
encouraged, by announcements on Blackboard, e-mail, and in a streamed lecture, to
answer the questionnaire. In total 83 out of 102 enrolled students answered the
questionnaire. The interview with student representatives focused on the same ques-
tions, using the answers from the questionnaire as background information. Also, the
representatives had collected some information from the students concerning the
activities and brought this to the meeting.

In the following we present the results from the survey done in the second study.
The results are compared and underlined with previous results reported in the article
Talmo & Karlsen (2021) [8], as well as qualitative results from the interviews with the
reference group (Fig. 2).
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5 Results

In the previous survey we asked the students whether they preferred in-class-lectures or
digital lectures. 78,4% of the students answered that they favored classroom lectures,
and only 32,4% chose digital tasks [8]. In the physics group, almost 80% of the
students attend ordinary lectures, something that is also emphasized as the most ben-
efitting in the interviews. Fewer students, 55%, participate from home. Although the
former study focused on the preferences and the latter on the actual participation, these
two might correlate, especially since the interviewees commented on which type they
favoured. Consequently, the results can entail that physical lectures and physical
presence are the formats that feel most beneficial for the students considering their
learning outcome. On the other hand, it might indicate that these students prefer lec-
tures above all other activities. Considering streamed lectures, student H claims:
“(Student H) In my opinion, lectures are the type of teaching I think is easiest to do at
home, […] group tasks and stuff, I feel it is better to do with people, and then lec-
ture…” The students prefer to attend lectures, at campus or streamed, regardless of
subjects, activities and lecturer (Fig. 3).

Fig. 2. Student participation in lecture.
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Since many of the learning activities were designed for collaboration and social
interaction, including interactive tasks, videos, and group tasks, it was interesting to see
if there was sufficient attendance in the cohorts. The results show that the attendance is
low and there are few groups where everyone participates. Consequently, it is difficult
to achieve the goals of active participation and collaboration. However, when asked in
the interview how the groups had worked together, the students claim that when group
members participate, the cohorts are helpful, which entails that some students benefit
from student collaboration. Still, the interviews also show that there have been prob-
lems in some of the groups due to lack of participation:

(Student F) Ehm, I think it has varied a lot from group to group if the tasks have been done or
not. […]
(Student H) Yes, we have not talked and so, then we have not received any feedback there, but
maybe it shows in the questionnaire? […] But I anticipate…
(Student F) I do not believe most groups actually meet in the morning. […]
(Student E) Everything I have done with my group has been excellent. Those who meet, of
course.

According to Salmon (2012), at stage three in her model, participants “have learned
how to find, contribute and exchange information productively and successfully
through e-tivities…” [18: p. 29], but this is difficult to achieve if the members of the
cohorts do not attend group meetings and work sessions. The focus group of this
survey indicates that the insecurity and lack of social interaction affect their ability and
willingness to participate actively:

Fig. 3. Number of students (max. 5) showing up for group work.
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(student H): Maybe if we had, if everybody used the discussion forum a bit more, because it
might be that peers also do the equations and then are able to explain, because then one can use
the thing that you get it explained, either that they send pictures of what they have done and
then write, because that is like a solution guide, and then you read and understand their way of
thinking.
(Student G) I think somebody just needs to dare to write in it, because if one begins it is ok, in a
way. It is just that someone needs to dare start writing, if not, nobody will dare.

These statements might indicate that students are unsure of their own abilities and
afraid of asking questions in discussion forums. It might seem as if the insecurity of
showing skills or possible lack of these is raised when participating in a digital learning
environment (Fig. 4).

Question 3: “Would you work more if there were streamed lectures instead of other
home activities?” is interesting when comparing the results with the previous study.
The learning design was different in the study involving physics, and more aware of the
difficulties with blended learning approaches. The results show that fewer students in
the second group are interested in working more with the subject if everything was
streamed. In the first study only 21,62 of the students answered that they would work
more with the subjects if everything was streamed [8]. In the second study only 62%
claim that they would prefer streamed lectures. These factors indicate that learning
design affects the students’ sense of learning effects.

Would you work more if there were streamed 
lectures instead of other home activities. 

Yes Don't Know No

Fig. 4. Would students work more if every lecture was streamed?

Designing Learning Environments in a Digital Time – Experiences 541



The essential question of the survey was to see if the learning effect was sufficient,
and to measure if the students were motivated for actually working collaboratively with
peers in a digital learning environment. This was measured through question four in the
survey, asking the students to rate their motivation and expected learning outcomes
from different learning activities. In general, it seems as the students’ motivation and
perceived learning outcome are high. There are especially two activities that differ in
the answers: Streamed lectures and multiple choice questions in digital group work. In
both of these categories, the motivation is higher than the students’ expected learning
outcome. When analyzing the open-ended questions of these two activities, one can see
some tendencies and possible reasons for the results.

Firstly, considering streamed lectures, the students have a tendency to lose atten-
tion, spend time on other distractions, and there is a lack of interaction in this format,
i.e. students believe that the chat should be used in a way that benefits learning more:
“(student A) […] sometimes I feel that sort of the students attending on chat, some-
times the teacher do not pay attention, which means you do not get the answer straight
away. And sometimes also, yes, sometimes you are ignored in a way […]”.

Secondly, there are two main issues when considering digital group work; 1)
Students do not attend lessons, and 2) the lack of physical presence and a common area
of focus, for example a shared screen or whiteboard.

In the interviews the students suggest possibilities for improvements. One example
is how to increase interaction through the short videos:

(Student G) Yes, or rather maybe separate it in two sessions in a way. If there are four videos,
and then see two on Tuesday and two on Thursday for example, like that. Because there are
many students commenting that it is a bit too much to watch in one go. […]
(Student E) Could also divide lectures and examples […] Yes, you see, here is a five minute
lecture, or ten minutes or however long it takes. And then you have: here is example one,

Fig. 5. Student motivation and perceived learning outcome.
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example two, example three. And then, if you understand it already after example one you can
jump directly to the next round.

One way of overcoming difficulties in information exchange phases of a learning
design is to provide more information from the moderator, or in this case the lecturer.
Students in the physics group emphasize the need for solution guides to the task done
outside campus, something that was also a concern for the students in the first focus
group. One of the main objectives when creating learning designs in an online com-
munity is to facilitate so that students achieve the courses’ competence aims before the
exam. In the first group, the students showed uncertainty, something that could have
been mended through clearer instructions and a solution guide:

(Student A): […] doing tasks on their own. I feel that can work as a challenge as well, that you
test yourself, but as mentioned, a solution guide if you are confused or something.”

This is a severe flaw in the learning design from the lecturer and enhances students’
uncertainty considering the learning effect in an online learning environment.

6 Discussion

Although this study entails that students prefer to attend lectures on campus, and also
believe that the learning effect is higher when attending and participating in a physical
learning environment, there are several aspects of the results that are interesting to
elaborate further.

Considering the five problematic areas of online teaching identified in this study,
some measures were taken to mend these. As stated in Sect. 2, to ensure active par-
ticipation and collaboration, small groups were designed to make students more
comfortable among their peers. This seemed to be a good move, and the students would
prefer to stay in the same groups throughout the whole semester:

(Student G) At least those who have chosen to do it in a way. But when we changed groups now
it can become in a way that people are more shy and that the focus is not the same as before,
because I got a message saying there was a couple wondering why we had changed groups […]
because of the pandemic and in a way because they feel that they work better together when
they have known the group members a bit longer, that you get more focused on the work
instead of everything else and in a way know how to work well together and stuff […] and then
you dare to say: hey, come on, lets meet, even if it is eight o’clock, you wouldn’t say that to a
stranger.

Even if the students also emphasize the pandemic in this quote, several quotes
indicate the same; in order to discuss, engage and participate in an online environment,
you need to feel safe, know your peers and get the impression that your opinions and
knowledge matter to the others. This is easier to obtain in small groups than in plenary
sessions.

It is also obvious that uncertainty is a vital factor in the students’ perception of
learning effects. The same student G claims: “We are young people, so it is easy to
slack if you are less motivated. Then, it is important to state that you at least have to do
this […] and you can do this, extra tasks and such…”. This was also something the first
group of students was concerned about. In Talmo & Karlsen (2021) the main
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conclusion is that “It is clear from this study that the students feel that they learn more
when participating in-class. This might be because they are inexperienced students and
have not learned sufficiently to regulate their own learning” [8].

It is difficult to create solid collaborative learning environments online, and the
students, when asked, emphasize the opportunities delivered with physical presence,
and would mainly try to replicate these in online learning environments. Considering
the results from Q4 in the survey (Fig. 5), we see that the main difference in motivation
and assumed learning outcomes is between activities done at campus (alternatives 1
and 2) and activities done at home (alternatives 3–8). The difference between home
activities done individually and in groups are, even if not significantly, leaning towards
a preference for learning individually (alternatives 3–5). The motivation and assumed
learning outcome from group activities (alternatives 6–8) are lower. The exception is
writing summaries, a task that does not require a lot of interaction and peer-to-peer
learning. We suggest three possible reasons for why the students prefer individual tasks
instead of collaborative work in this study: 1) technical difficulties (sharing screen,
collaborative writing, unwillingness to use microphone and discussion forums), 2) lack
of facilitation and aid from the lecturer to get started (including the need for solution
guide), and 3) lack of presence from group members. The students are inexperienced at
this stage, something that could have been addressed better in the learning design. At
the same time lecturers involved in the study are more accustomed to designing face-to-
face collaborations, and the tasks might not have been adjusted sufficiently for online
learning environments.

At the same time the students see the effect of practicing individually, something
that is more known to them as former pupils:

(Student F) It is probably very, very different from person to person […] you kind of know,
after attending school for a long time, what you learn the most from […] and you have to do the
tasks to prepare for the exams, but if you do not learn the most from that, then it is no point in
cramming, sort of, just, just learn, yes.

The quote from Student F shows some of the difficulties when moving from one
(well-known) learning environment, to new ways and environments of delivering
learning objectives, both for the lecturer and the students.

Learning designs need to consider activities and tasks which students find inter-
esting since that can improve students’ motivation for working with the curriculum.
This is something that modern pedagogical approaches should be aware of and try to
replicate in collaborative online environments. Active learning and collaboration have
proven to be good ways of learning. Some would even say that the implementation of
new technologies are transforming education from “a contrived performance, on a
stage, to a shared experience of a contingent reality that no-one, lecturer or student, has
experienced before” [23: p.14–15], but these factors are not useful if the students are
not engaged and actively participating. In other words, engagement and participation is
a necessity for creating high level collaboration environments [23].

There are several difficulties still remaining when designing online learning envi-
ronments for new students in HEIs. We clearly see uncertainty in the student group;
fear of missing out on important curriculum for the exams and the importance of micro-
communication in class, which was highly emphasized in the previous study [8]. This
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might be connected to lack of active participation, maybe due to lack of digital com-
petence or just general uncertainty towards unfamiliar settings and people. This leads to
less collaboration, making it difficult to achieve the information exchange stages in
Salmon’s model. Some useful implementations might be to include solution guides
designed by the lecturer, and encourage students to trust the design provided by the
lecturer.

The study has revealed areas of improvement, as well as providing insight to
activities that increase the learning effects of a student group in online environments.
More research is needed in order to conclude, especially towards what makes collab-
oration in an online environment easier. It is also necessary to include technical support
-issues in the following studies, to see to what extent the software influences the
learning process.
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Abstract. The disruption caused by the 2020 COVID-19 pandemic entailing a
transfer to the fully online emergency remote teaching (ERT) put many teachers
in Russia and across the globe in the role of facilitators, course designers,
technical support specialists and psychologists. To address the new challenge, a
group of instructors of St. Petersburg University of Information Technologies
Mechanics and Optics (ITMO), Russia, attempted to adopt a blended ESL
methodology piloted in 2017–2018 and calibrated in the intermittent period to
build a Zoom- and LMS-based mostly synchronous upper-intermediate emer-
gency remote General English course for 99 first and second year bachelor’s of
science students (7 groups). To increase student satisfaction with the design and
content of the course, learners’ needs were monitored during the fall 2020
semester through a series of surveys. To measure student satisfaction with the
emergency ESL course, a summative cross-sectional survey, a series of semi-
structured interviews and fall 2020 course completion rate were analyzed.

Keywords: ESL students’ needs � ESL students’ satisfaction � ESL for STEM
students � Technical university ESL program � Emergency Remote Teaching
(ERT) � Course completion rate � Dornyei’s motivational strategies

1 Introduction

The 2019–2020 outbreak of COVID-19 and subsequent imposition of social distanc-
ing, self-isolation and lockdown policies across the globe dealt a serious blow to the
educational process. To bridge the gap, schools and universities made an unprece-
dented effort to transform face-to-face classes to their online equivalents.

On March 16, 2020, Russian institutions of HE including ITMO launched an
expeditious transition to fully online teaching in accordance with the provisions of the
decree of the Ministry of Education and Science of the Russian Federation.
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Though the period of the emergency transfer to online education was testing,
Russian universities stayed afloat owing to the experience gained while integrating high
tech learning methodologies, approaches and models in their curricular in the pre-
pandemic period. ITMO alone shared about 225 MOOCs on such platforms, as ITMO
courses, the Russian National Open Education and edX1.

Though the prospects of online education had been analyzed extensively by the
teacher-scholar community in view of the ever rising costs of education in the
developed countries, inadequate educational infrastructure in the developing countries
and low population density in some rural areas of large countries, like Russia, it was
not until spring 2020 that online education transformed from a model with high
potential described in numerous research papers, including meta-analysis studies (e.g.,
[1, 2]) and studies focusing on Language MOOCs [3], to a model with no alternative, a
scenario, which could not have been foreseen even by the international and national
leaders in the field of online education (e.g., [4, 5]).

Of course, there was no comparison between the development of a MOOC, SPOC,
LMOOC, a blended or distant course in a regular setting and in an emergency. To
differentiate the two, a new term “emergency remote learning” (ERT) was coined [6].

Efficiency comes with experience, and educational institutions whose staff exper-
imented with digital technologies in the pre-pandemic period had a better chance of
designing robust clear-cut emergency remote courses [7, 8].

Though each Russian university elaborated its own scenario of transfer to ERT, the
range of technological tools was rather similar and included a platform serving as a
content storage and students’ knowledge assessment hub, a video conferencing service
for online lectures and consultations, a social networking site and an instant messenger
or email for student-teacher communication [9].

In this research paper, we will present a case where a group of ITMO ESL
instructors undertook to adapt a blended ESL learning methodology to the ERT con-
ditions while rapidly responding to STEM students’ needs [10].

2 Background

2.1 ITMO ESL for Bachelors Teaching Process Prior to 2020 ERT

At ITMO, bachelor’s students study ESL for three years, which is one year longer than
at any typical non-linguistic Russian university. ITMO ESL instructors build their
curricular on the principles of communicative approach. Students are encouraged to
speak English only in the classrooms. An academic year is broken down into two
semesters and four modules. Prior to the COVID-19 outbreak, students studied on
campus only. General English classes were taught in a traditional way with white-
boards, markers, handouts and occasional PC/laptop demonstrations of presentations/
videos, sometimes with the use of an overhead projector (OHP).

1 For details see ITMO.education portal, https://edu.itmo.ru/ru/edu_online.
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The blended learning model was first tested in ITMO in spring 2018. At that time,
third year ITMO students were offered a blended Moodle-backed ESP course and three
experimental second year proficiency STEM groups – a tripartite General English
blended course with elements of flipped classroom and bring your own device (BYOD)
methodologies [10]. The Spring 2018 blended General English learning methodology
pursuant to which proficiency students were taught (further GEM0) was further verified
and calibrated in 2018–2019. Later, at the time of emergency transfer to ERT in spring
2020, it was used as a foundation for the development of the Spring 2020 emergency
remote General English course (GEC1) and Fall 2020 emergency remote General
English course (GEC2).

2.2 Preliminary Stage of the Spring-Fall 2020 ERT Experiment

Phase I. Our first experiment on the designing and field-testing of a blended tripartite
General English course (GEC0) was conducted in the spring 2017–2018 semester,
when we built a course for three groups of 47 proficiency STEM students pursuant to
Ausubel’s significant learning approach. The course comprised a General English Class
(2 ac. h./wk), a Video Class designed with the use of Open Educational Resources
(OER) (2 ac. h./wk) and a Research Class based on the Developing Your Research
ProjectMOOC by University of Southampton streamed on FutureLearn platform (2 ac.
h./wk) [11]. Students studied in the classroom using their own devices (BYOD) in line
with the flipped classroom methodology. The course consisted of the tasks either
created on Schoology LMS platform, or digitized (automated tests, polls, presentations,
etc.) or created with the use of OER materials (videos, graphical materials, quizzes,
surveys, etc.). A final survey demonstrated that 2/3 of students were satisfied with C0
to one degree or another [10]. We took it as a signal that some aspects of the Spring
2018 blended General English learning methodology (GEM0) needed to be further
fine-tuned. For example, students complained about Schoology’s insufficient operation
(later it was discovered that the problem was in the unstable internet connection on
campus), not very convenient mobile version, an intricate system of files and folders
and intermediate relevance and overly generalized nature of the Research Class
MOOC.

There was an option to swap the freemium version of Schoology for Moodle, as,
according to the findings of our review of various LMSs, they both were free of charge
and functioned not only as a cloud storage, but also as a hub for task creation and
sharing. Both platforms allowed for student-teacher/student-student communication
through the system of chats/blogs and administering formative/summative assessments
fostering collaboration and real-time feedback.

To decide on the fate of Schoology, we collected feedback from one of our spring
2018 target groups (12 students) after they completed a Moodle-based ESP course the
following year. Students’ feedback showing Schoology approval rate of 75%
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persuaded us to keep it. Students noted that Schoology was easier to navigate, more
intuitive and better organized. Changes made to (GEM0) are described in Table 8
(Appendix 1).

Phase II. It is important to note that ITMO teachers might get groups of 1st, 2nd or 3rd

year with different English proficiency levels in different academic years. In 2018–2019
and in the fall semester of 2019–2020, we continued using Spring 2018 blended
General English learning methodology (GEM0) to teach first, second and third year
STEM students with different levels of proficiency, while keeping to ESL teaching
process. The flipped classroom methodology was abandoned due to the presence of
Cambridge LMS (for General English groups) and Moodle (for ESP students) with pre-
programmed homework tasks.

In the fall/spring of 2018–2019 and in the fall of 2019, we further improved (GEM0)
by revamping the system of files and folders. The description of the updated version of
GEM0 (the Intermittent blended General English learning methodology (GEM_int) is
presented in Table 8 (Appendix 1).

Phase III. In March 2020, after ITMO along with other Russian universities took a
sharp turn towards ERT, the Spring Emergency remote General English course (GEC1)
based on the Intermittent blended General English learning methodology GEM_int was
created for 12 groups of STEM students with English proficiency levels ranging from
intermediate to advanced. After the completion of GEC1, we collected feedback from 2
intermediate third year computer science and biotechnology groups studying exclu-
sively pursuant to the Spring 2020 ERT methodology (GEM1) (groups co-taught by
two teachers were excluded from the experiment due to a difference in teaching
approaches). Since the number of contact hours was cut from 4 to 2 per week in spring
2020, students were assigned extra tasks for self-study. At this point, we reintroduced
the original flipped classroom concept, but substituted BYOD with Zoom communi-
cation (hybrid methodology). Details of GEM1 and GEC1 are highlighted in Table 8
(Appendix 1).

At the end of the spring 2020 semester, after the completion of GEC1, the groups
(34 students) were administered a two-part cross-sectional online survey to assess their
satisfaction with online English classes, course design, the flipped classroom element,
core technology tools (Schoology and Zoom) and to identify their preferred mode of
study (face-to-face or online) (Table 1).

We asked students to respond to three types of questions in the 14-question survey:
nine 5-point Likert scale questions, one open-ended and five close-ended questions.
A total of 22 usable responses were collected. Among 22 third year intermediate
English proficiency respondents there were 9 females and 13 males.
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Analysis of students’ feedback showed that students were overall satisfied with
GEC1 course and its design, except that 2 students were not particularly happy with the
balance of the offline/online workload and 3 students explicitly said they didn’t like the
flipped classroom element. When asked which mode of study – online or offline – they
liked more, 8 students demonstrated an inclination towards offline classes, 8 had no
preferences and 6 showed an affinity for the online communication. Responding to a
close-ended question of how their online ESL experience could be improved, 8 stu-
dents said they were happy with the class, 8 students suggested adding more discus-
sions, 4 opted for more grammar practices, 2 – for more quizzes. Answers to a similar
open-ended question “If you had a chance to improve the online/offline balance of the
course, what would it be like?” were consistent with the distribution of choices in the
close-ended question. In addition, when answering the open-ended question, one stu-
dent said that they would like to have four not two online classes per week. Another
student suggested using Discord instead of Zoom.

The Cronbach’s Alpha measured at 0.75 indicating sufficient reliability of the test
results.

Students’ feedback on their satisfaction with GEC1 prompted us to focus on the
course design issues in the next phase of the experiment.

Table 1. Spring Emergency remote General English course (GEC1) student feedback.

Question N Mean St.
dev.

1 How would you rate your overall online English study
experience?

22 3.96 0.79

2 How would you rate your satisfaction with the course materials
(articles, quizzes, video/audio tasks, etc.)?

22 4.64 0.68

3 How would you rate your satisfaction with the technological
infrastructure used in the course (Zoom, Schoology, email)?

22 4.09 0.81

4 How would you rate teaching methods used in this online
course?

22 4.72 0.55

5 How would you rate your Zoom experience? 22 3.96 0.90
6 How would you rate your Schoology experience? 22 4.18 1.06
7 In this online course, you were asked to study grammar topics

on your own by watching videos, reading explanations,
practicing (flipped classroom). How would you rate this
experience?

22 4 0.95

8 Rate your level of satisfaction with the balance between the
online and offline (homework) parts of the course

22 3.82 0.91

9 Each online lesson you have had in this course consisted of three
basic parts: discussions, practical work and quizzes. Were you
satisfied with this structure?

22 4.59 0.59
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2.3 Fall 2020 Emergency Remote General English Course (GEC2)

At the beginning of the fall 2020 semester, we used the Spring 2020 ERT methodology
(GEM1) to put together the Fall 2020 emergency remote General English course
(GEC2) for seven first and second year upper-intermediate groups (99 students)
studying at ITMO’s School of Computer Technologies and Control, School of Pho-
tonics, School of Translational Information Technologies, School of Biotechnology
and Cryogenic Systems and Faculty of Technological Management and Innovations.

2.4 Design

In general, ITMO has been encouraging teachers to move instruction to Moodle, but
because we already had a good scope of readily available proofread tasks, especially
grammar quizzes, and remembering the results of the “Moodle vs. Schoology” survey
where 75% of students voted for Schoology, we decided to keep it as the classroom
LMS platform. Since an online communication channel could be chosen at the tea-
cher’s discretion, we decided to continue using Zoom in the implementation of GEC2.

Availability of an LMS with preprogrammed homework tasks (Cambridge LMS)
and a sufficient number of study hours (4 per week) meant we did not have to rely on
the flipped classroom element as we did in the Spring 2020 ERT methodology
(GEM1).

To account for the above said, to observe the ERT limitations and to keep to the
upper-intermediate General English curriculum, we opted for the following techno-
logical and pedagogical tools in the implementation of GEC2:

1. Zoom for synchronous online classes/consultations covered by the license pur-
chased by ITMO.

2. Schoology LMS to create, share and store materials, to facilitate online commu-
nication, provide real time feedback to students in the virtual classroom, conduct
formative assessment and administer asynchronous compensation classes.

3. Google Drive to create and store writings and track students’ progress.
4. Cambridge LMS to conduct formative assessment and assign homework.
5. Email and VKontakte social networking site for communication.
6. Pan-university platform tracking students’ academic standing.

The following materials were used in the development of GEC2:

• Empower Upper-intermediate Students’ Book – a major source of classroom
materials, including grammar and vocabulary instruction, listening, video, reading
and writing tasks. Materials were digitized, stored and shared on Schoology.

• E-handouts, e.g., PowerPoint presentations, .doc/.pdf handouts.
• OER resources (videos, cartoons, memes, pictures, surveys, quizzes).
• Instructions (general course, communication, writing guides).
• Surveys (4 Google Form surveys).

Our spring ERT teaching experience and the range of problems we encountered
immediately upon the inception of online classes in fall 2020 challenged us to further
refine the Spring 2020 ERT methodology (GEM1).

552 E. Windstein and M. Kogan



To continue working in line with the communicative approach principles and
remembering that the number of tasks completed in a virtual classroom is usually
somewhat lower than in offline classes, we offered mostly speaking, listening/video and
creative tasks involving communication between students working in small groups.
While working in breakout rooms, students were required to make comments on
Schoology. Not only did this approach allow students to practice writing and reading
(students were encouraged to read each other’s comments, upvote the best ideas, peer
check fellow students’ entries and read teacher’s comments), but also it proved to be a
valid classroom management tool for supervision of students left unattended in
breakout rooms.

Students and the teacher were expected to have cameras on at all times according to
ITMO policy. This policy, however, turned into a real nightmare for some students. If
the students living in dorms had issues with privacy, students whose families moved to
summerhouses to minimize chances of contracting COVID-19 experienced Internet
connection problems. While some students were truly shy by nature and showed signs
of psychological strain having a close-up of their face observed by a group of people,
others had an attitude problem where they took online classes as an opportunity to get
attendance marks while engaging in unrelated tasks. Yet another group of students
connecting from mobile devices reported that it was daunting to hold the iPhone, type
and have the camera on simultaneously.

3 Research Questions

A broad scope of students’ interests reported at the introductory lesson, a varying
perception of the essence of online classes and netiquette, suboptimal motivation and
gaps in attitude demonstrated by some first year students, discontent with the “web
camera on” policy, a noticeable difference in English proficiency among students and
absenteeism due to illness or technical issues set the following research questions for us
to answer:

1. What aspects of the Spring 2020 ERT methodology (GEM1) should be modified for
the Fall 2020 emergency remote General English course (GEC2) to fully satisfy the
existing ERT conditions while complying with the curriculum?

2. How to improve student satisfaction with the emergency remote course?
3. How to cater to students with high absenteeism due to illness, technical or personal

issues?

To answer the questions, we developed a system of teacher-student communication
encouraging students to share their opinion about the course and inviting them to take
on the role of course co-creators. Students’ feedback was reinforced with interviews
and analysis of student retention. Results of our efforts are discussed in “Results and
Discussion” section.
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4 Methodology

To diagnose ongoing problems and improve student experience and attitude towards
GEC2 and online ESL in general, a system of feedback collection was designed in the
Google Forms environment. Three web-based panel surveys (S_int1, S_int2, S_int3)
designed to tap into student satisfaction with GEC2 course design and content and to
collect students’ suggestions on the improvement of subsequent lessons were admin-
istered at the end of Unit 1, Unit 2 and Unit 3 (according to Cambridge Upper-
intermediate Empower Student’s Book2 syllabus) [12: 393–395]. Each survey focused
on a different aspect of the course. Out of 99 students studying in accordance with the
Fall 2020 ERT methodology (GEM2) (Table 8, Appendix 1), 63 participated in S_int1,
60 in S_int2 and 67 in S_int3, rate or return being 60%–65%.

S_int1 was designed to analyze the relevance of cognitive load provided in GEC2
and assess which tasks students enjoyed/disliked doing. The questionnaire consisted of
4 questions, two of which were open-ended and two – close-ended.

In S_int2 that consisted of one close-ended question and one 5-point (1-absolutely
positive – 5-absolutely negative) Likert scale question [13], we asked students to
answer more general questions, express their attitude towards GEC2 and indicate the
degree of their satisfaction with online classes.

In S_int3 that consisted of 3 questions (two open-ended and one 5-point Likert
scale question), students were asked to reflect on whether there were any novel,
unexpected facts they came across in GEC2 and share ideas on further GEC2
improvement.

A web-based follow-up panel survey (S_fin) was conducted at the end of the fall
2020 semester to collect students’ feedback on their satisfaction with GEC2 adjust-
ments and measure the change in their attitude towards online education in general [12:
394–395]. The rate of survey return amounted to 87%. The survey comprised 22
questions (16 5-point Likert scale, 5 close-ended and 1 open-ended questions). It was
broken down into 4 sections. The first focused on the measurement of changes in
student motivation and attitude towards GEC2 and online education. The second
section aimed to assess student satisfaction with the changes implemented in the
design. The third section solicited feedback on their satisfaction with the gamification
elements. The final block asked students to provide their personal information.

To gain a better insight into the student satisfaction with GEC2, we conducted a
semi-structured interview with 4 volunteer students. In addition, we analyzed the
course completion rate by comparing an average completion rate of 7 experimental
groups against an average completion rate of 7 randomly chosen first and second year
control groups of the same English proficiency level.

2 Adrian Doff, Craig Thaine, Herbert Puchta, Jeff Stranks, Peter Lewis-Jones: Cambridge Upper-
intermediate Empower Student’s Book, Cambridge University Press, Cambridge (2015), https://
www.cambridge.org/gb/cambridgeenglish/catalog/adult-courses/cambridge-english-empower/
cambridge-english-empower-upper-intermediate-students-book.
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5 Results and Discussion

5.1 Survey S_int1 Results

Data collected from two open-ended questions in the first Intermittent survey (S_int1)
were categorized and arranged into groups. Answers to the first question “Type all the
new words you’ve learnt in Unit 1” showed that a vast majority of new words that
students had learned came from extra tasks (89%). Only 11% were from the textbook,
which was an indicator that, on the one hand, the first unit of the textbook focusing on
refreshing intermediate vocabulary was relevant for the majority of students, on the
other, to keep students’ interest high, we needed to enhance tasks from the textbook
with OER. The open-ended question concerning grammar tasks “Type the new
grammar points that you have learned in Unit 1” revealed the fact that 42% of students
learned new grammar, 14% learned new grammar and revised old rules and 47%
revised the grammar they had already known. Only 10% explicitly stated that all
grammar topics were familiar to them. Since Unit 1 contained tasks mostly intended to
refresh students’ intermediate grammar and vocabulary, it was evident that a little more
than half of all students had solid knowledge of the intermediate English grammar,
which meant that we needed to offer some grammar review tasks on an as-needed basis.

Other two questions were designed as close-ended questions. There we asked
students about their satisfaction with the pedagogical element of the course. Feedback
received from students is outlined in Table 2 below.

Table 2. Answers to S_int1’s close-ended questions.

Question %

What classroom activities did you like?
1 Explanation of grammar material 60%
2 Explanation of new vocabulary 64%
3 Whole class discussions 57%
4 Breakout room (small group) discussions 57%
5 Listening tasks 37%
6 Video tasks 43%
7 Extracurricular (additional) tasks 32%
8 Other 3%
What classroom activities did you not like?
1 Explanation of grammar material 0%
2 Explanation of new vocabulary 5%
3 Whole class discussions 5%
4 Breakout room (small group) discussions 9%
5 Listening tasks 27%
6 Video tasks 13%
7 Extracurricular (additional) tasks 5%
8 Other 5%
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Feedback collected on the appeal of tasks demonstrated that there was some
problem with the listening and video tasks (extracurricular tasks were, mostly, video
and listening assignments). Upon its discussion with the students, we decided to change
the way the listening and video tasks were done by allowing each student to
listen/watch videos individually or in breakout rooms to minimize the background
noise.

5.2 Survey S_int2 Results

The first question in this survey asked students to share their attitude towards their
online English class. The distribution of answers was as follows: absolutely positive –
71%, somewhat positive – 20%, neutral 9%.

The second question measured the degree to which student attitude towards online
education improved to compare to the beginning of the fall semester. Half of the
students said that is was positive from the beginning, 2% of students said that there was
no positive change, 8% of students noted that their attitude improved by 25%, 18% of
the students reported that their attitude improved by 50%, 13% – by 75% and 9% of
students indicated that their attitude towards online education improved by 100%.

Though we did not ask students the same question about course design in the
second survey, we continued working on the improvement of the aspects that students
deemed important. We noticed, for example, that stronger students were bored with
grammar tasks. To increase their satisfaction and add some novelty, we introduced
more OER and self- or student-developed grammar games [13].

5.3 Survey S_int3 Results

Our third survey was intended to identify what topics students found to be most
unexpected and to see whether students perceived GEC2 as a source of some novel
information. The survey consisted of 2 open-ended questions. Answers to the open-
ended questions were categorized and coded [12: 393–395].

Responses to the question “What was the most unexpected piece of information
about the English-speaking world or Russia you learned in Module I (Units 1–3)?”
were distributed into 7 categories: “Invalid answer” – 23 students (34%), “Nothing” – 4
(6%), “Cultural differences” – 19 (28%), “Grammar” – 11 (16%), “Nature” – 5 (8%),
“Natural disasters” – 2 (3%), “Other” – 2 (2%). Judging by the answers and classroom
observations, topics connected with cultural differences and, especially, teacher’s
experience living in the United States was perceived as one of the most exciting
discussion themes. Many students noted that they were not aware of the degree of
English indirectness and politeness and that American English and British English were
so different.

The second open-ended question asked students to share their ideas on how we
could further improve GEC2. Responding to this question, 29 students (43%) said that
they were happy with the lessons and did not think they could be improved, 9 students
(20%) set unrealistic goals, for example, to move lessons to a later time or have offline
lessons, 7 students (10%) noted that they would love having more speaking practices, 3
students (5%) said they needed more time with the teacher, 6 students (8%) said they
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enjoyed group talk, but it would be nice to see the end time for their discussion, 3
students (5%) asked to reconsider the “web camera on” policy, as, in their opinion, it
was not always convenient or necessary to have cameras on, one student (1%) asked
for more interactivity, 1 (1%) – for more pictures, 1 (1%) – to improve the quality of
the sound and video, 1 (1%) – more cultural classes; 13% of the answers were classified
as “invalid”. At this point, we decided to implement some of the suggestions having
checked them against Dornyei motivational strategies [13]. A full list of course
innovations compliant with Dornyei’s strategies are highlighted in Table 3.

Table 3. Alignment of the changes made to GEC2 with Dornyei’s motivational strategies.

Dornyei’s motivation strategy Innovation Implemented
after

1 Language level
- Include a sociocultural component
in the L2 syllabus

Enhancing GEC2 with
extracurricular materials

S_int1

2 Learner level
- Decrease student anxiety Relaxing the “web camera on”

policy
S_int3

- Increase the attractiveness of the
course content

Incorporating topical authentic
OER, improving course design

S_int3

- Arouse and sustain curiosity and
attention (not allowing lessons to
settle into too regular a routine)

Offering different modes of student
interaction (“rotating lesson styles
in different lessons”, “according to
each student’s choice”, “whole class
only”, “in small groups only”,
“diversified” (a mix of all modes)

S_int3

- Increase student interest and
involvement in the tasks (including
game-like features, such as puzzles,
problem solving)

Offering more creative tasks,
including trivia, puzzles, surveys,
grammar games, crosswords, etc.

S_int2

3 Teacher-specific motivational components
- Try to be empathic, congruent, and
accepting

Relaxing the “webcam on” policy;
allowing students to choose the
preferred study mode; giving
students who missed classes due to
COVID-19 or technical problems to
compensate by doings the same
class tasks in asynchronous mode

S_int3

- Adopt the role of a facilitator Letting students choose the
preferred mode of study (“with the
teacher”, “in a small group”,
“individually”, mixed), while
standing by and providing
necessary support to students in
small groups or working
individually

S_int3
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We also introduced a more democratic way of choosing the preferred mode of
classroom interaction, where students could select to study “according to each student’s
choice”, “whole class only”, “in small groups only”, “diversified” (a mix of all mode).
At the end of the lesson, we allowed about 20 min to recap and discuss any challenges
students had working in small groups. Besides, we started indicating the time limit for
each task posted on Schoology, made the “web camera on” policy more relaxed and
increased lessons’ interactivity by adding more links to OERs, including pictures,
memes, games boosting aesthetic appeal and cognitive load of lesson materials.

At the end of the fall semester, after the implementation of the aforementioned
suggestions, we conducted a 22-item follow-up survey S_fin.

5.4 Survey S_fin Results

The rate of return for S_fin amounted to 86% (86 students out of 99 responded to S(fin)
questions). There were fifteen 5-point Likert scale questions, one open-ended and five
close-ended questions in the survey.

Out of 86 participants, 62 students (72%) were males, 24 (28%) – females. The
distribution of the first and second year students was 48 (56%) and 38 (44%),
respectively. The number of students with a positive online study experience at the
beginning of the fall 2020 semester amounted to 64 (74%) against 15 (17%) of students
with a negative experience. The number of students who enjoyed studying ESL online
at the beginning of fall 2020 came to 68 (79%) against 6 (7%) of those who identified
their experience as unsatisfactory. Out of 86 respondents, 6 (7%) reported that they had
never studied online and 12 (14%) of students said that they had never studied ESL
online prior to fall 2020.

The survey was developed to measure student satisfaction with GEC2 and the
design of GEC2 lessons. Students were also asked to assess their online learning
experience. The distribution of responses is presented in Table 4. Internal validity of
the test was verified by calculating Cronbach’s Alpha (0.81) that confirmed good
internal consistency.

Table 4. Student Fall 2020 emergency remote General English course (GEC2) feedback.

Question N Mean St.
dev.

1 Please rate your satisfaction with English classes at the
beginning of the fall 2020–2021 semester

86 4.34 0.78

2 Please rate your satisfaction with English classes at the end of
the fall 2020–2021 semester

86 4.49 0.59

3 I have become more satisfied with online education in general
during the fall semester

86 4.16 0.91

4 My motivation to study English has improved during the fall
semester

86 4.13 0.97

5 The organization of online English lessons (clarity of
instructions, quality and speed of communication, etc.) has
improved during the fall semester

86 4.33 0.83

(continued)
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A mean of 4 or above and a standard deviation of less than 1 on the majority of
questions demonstrated that students were overall satisfied with GEC2 and that the
responses were consistent. However, there were two adjustments that some students
viewed as excessive, namely “the time limit message included in each Schoology task”
and links to dictionaries. Perhaps, the problem was that students had expected to see a
built-in timer, not a written message. The problem with links to dictionary articles
might have arisen because students could easily find such links themselves.

Students were also asked to express their opinion about the preferred mode of
online ESL study: “rotating lesson styles in different lessons”, “according to each
student’s choice”, “whole class only”, “in small groups only”, “diversified” (a mix of
all modes). Table 5 demonstrates the distribution of students’ responses.

Table 4. (continued)

Question N Mean St.
dev.

6 The technical aspect of online English lessons (ease of
navigation, quality of online communication, etc.) has
improved during the fall semester

86 4.13 0.89

7 The content of online English lessons (topics, culture points,
range of tasks, etc.) has improved during the fall semester

86 4.09 0.88

8 The structure of online English lessons (the balance of
speaking, listening, reading, writing tasks) has improved
during the fall semester

86 4.12 0.94

9 The design of teaching materials has improved during the fall
semester

86 4.23 0.85

10 The set time limit for each task (written in red at the top of
each task) was a useful innovation

86 3.70 1.25

11 Revision of some grammar and vocabulary topics covered
earlier in the course was adequate

86 4.40 0.72

12 Grammar games (Present Perfect Simple/Present Perfect
Continuous, Used to/Would board games with e-dice) were
useful

86 4.21 1.05

13 PowerPoint grammar presentations for individual/small group
learning were useful

86 4.27 1.01

14 I found memes, cartoons and pictures among lesson materials
useful

86 4.42 1.07

15 The hyperlinks to the Merriam-Webster dictionary helped me
to improve the pronunciation of complex/awkward English
words such as “arduous”, “grueling”

86 3.85 1.10
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The data reflected in Table 5 shows that over a quarter of students appreciated our
experiment on providing a more “democratic” way of choosing the learning mode.
Those three students who chose “Other” highlighted their special satisfaction with the
“choose it yourself” approach. However, the majority (25 students) expressed an
opinion that rotation of different lesson styles would be the best choice.

The open-ended S_fin question was intended to solicit students’ suggestions on
further improvement of the course and to see if the complaints shared in S_int3 were
alleviated. Answers were categorized. The results of S_int3 and S_fin are demonstrated
side-by-side. S(int3) data were adjusted for the number of S_fin respondents.

Table 5. Preferred mode of online ESL study.

Rotating lesson
styles in different
lessons

According
to student’s
choice

Diversified (a
mix of all three
modes)

Whole
class
only

In small
groups
only

Other

25 students
(29%)

20 students
(23%)

15 students
(17%)

12
students
(14%)

11
students
(13%)

3
students
(6%)

Table 6. Comparison of students’ suggestions proposed in S_int3 and in S_fin.

Suggestions N of
responders
S_int3

Adjusted
N of
S_int3
resp *

In % N of
respondents
S_fin

In % Difference,
%

1 Unrealistic
expectations

6 7 8% 6 7% −1%

2 Invalid/no answer 9 11 13% 9 10% −3%
3 Happy 21 26 30% 29 34% +3%
4 Content

More speaking 7 9 10% 8 9% −1%
More reading 1 1 1% 1 1% 0
More grammar 2 2 2.5% 3 3% +0.5%
More listening 0 0 0% 0 0% 0%
Review of
previous topics

1 1 1% 0 0% −1%

Culture
More movies and
songs

0 0 0% 8 9% +9%

More cultural
differences

2 2 2% 2 2% 0%

(continued)
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Table 6 shows that overall students embraced the majority of changes to GEC2
with enthusiasm. Apparently, they were happy with a more flexible “web camera”
policy, as no more complaints were registered. They did not have any complaints about
the quality of sound either, most probably, because listening and video tasks were
being done individually and not in groups after S_int1. Those who wanted to see the
time limit identified for each task, did not bring this issue up in S_fin. There were no
students who asked for more group work, though their share before S_fin was 7%.
Those who mentioned group work in S_fin, suggested to change the way in which it
was done (rotate students more often, have fewer group work tasks). Apparently,
students were happy with the share of listening and reading tasks.

The only area students thought would benefit from fine-tuning was the share of
authentic movies and songs.

5.5 Course Completion Rate

To get a broader picture, we compared an average number of students who successfully
passed the fall semester final GEC2 tests (experimental groups) and an average number
of students who successfully completed fall 2020 upper-intermediate General English
course (control groups). Control groups were chosen randomly. The pool of students
was similar to the pool of students taught in GEC2: three 1st year and four 2nd year
groups of the same English proficiency from the same ITMO Schools. Our calculation
showed that the number of students who passed final GEC2 tests (95%) was 9% higher
than in the control groups (86%).

Table 6. (continued)

Suggestions N of
responders
S_int3

Adjusted
N of
S_int3
resp *

In % N of
respondents
S_fin

In % Difference,
%

5 Organization
More individual
tasks

0 0% 0% 1 1% +1%

More group work 5 6 7% 1 1% −6%
More whole class
work

3 4 5% 3 3.5% −1.5%

6 Design
More gamification 3 4 5% 5 6% +1%
See the time limit
for the task

1 1 1% 0 0% −1%

Technology
Relaxed “web
camera” policy

3 4 5% 0 0% −5%

Low sound quality 1 1 1% 0 0% −1%
*The number of S_int3 participants was adjusted to align with the number of S_fin participants
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5.6 Semi-structured Interviews with Students

We followed the convenient sampling protocol when selecting four students for the
semi-structured interview. Students answered two questions: “How did your expecta-
tions of the fall 2020 semester online English course compared to reality?” and “What
would be your preferred study format for spring 2021?” Since in the spring semester of
the 2020–2021 academic year majority of Russian technical universities transferred
back to the offline study mode, the four volunteer students, all of whom identified
themselves as “online dissidents at the beginning of 2020–2021 academic year”, were
interviewed on campus between February 10 and 12, 2021. The interviews were held
face-to-face in English. Each interview took an average of 10 min. The data transcribed
during the interview were analyzed immediately. We coded students “1”, “2”, “3”, “4”
to protect their identity. When analyzing the transcripts, we followed the “focused
coding” protocol [14] and identified two major themes: “Was unhappy with online
English classes at the beginning; would like to continue studying in the online only
format”; “Was unhappy with online English classes; would like to continue studying in
the hybrid format”. Excerpts from the interviews and preferred study modes are pre-
sented in Table 7.

Table 7. Interview results.

Participant’s
code

Interview excerpts Preferred mode of
study in spring 2021

1 At the start, I thought that these online classes
would be a bit boring (because at school, at the end
of the year, they were), but my expectations were
not justified, and our online classes were interesting
and useful

Hybrid learning

2 I was very upset about studying English online in
fall. I thought that we had to continue in this mode
until the end of spring. At the end of 2020, I liked
online English. Now I expect to have hybrid
learning, but seeing everyone in the classroom is
great

Hybrid learning

3 Well, I knew that English would be online, so it
went exactly how I expected it to be. English was
probably one of my favorite subjects in the fall
semester

Online only

4 Talking about expectations of the fall 2020 online
English classes, they were low, because I thought it
would be easier and less interesting. The actual
situation was exactly the opposite and this fact
pleased me

Hybrid learning
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Results of the semi-structured interviews demonstrate that before fall 2020 English
classes started, majority of students had low expectations and negative feelings towards
them (students 1, 2, 4), partially due to unsatisfying experience at school, as noted by
student 1. One student (student 3) had high expectations, which were met. Three out of
the four interviewees said that they would want to study in the hybrid mode in spring
and only one opted for online classes.

6 Conclusion, Future Work

As the results of our research demonstrate, our experiment on building an emergency
remote course (GEC2) on an existing blended learning methodology (GEM1) proved to
be overall successful. In the course of adaptation of GEM1, we attempted to answer
two research questions of what aspects of GEM1 should be changed to fully satisfy the
ERT conditions and comply with the curriculum and how to improve student satis-
faction with GEC2. To accomplish these goals, we collected students’ feedback
through a series of surveys (S_int1, S_int2, S_int3). Students’ suggestions and our
interpretation of the results of three surveys verified against Dornyei’s motivational
strategies informed our decision on the introduction of new tasks/procedures.

After S_int1 we integrated grammar review tasks on as-needed basis, introduced
extra vocabulary in addition to that offered in Cambridge Empower Upper-intermediate
textbooks and changed the listening/video tasks arrangement allowing students to
listen/watch videos individually or in small groups in Zoom breakout rooms to reduce
the background noise.

Results of S_int2 and classroom observation of students with higher level of
English proficiency convinced us to garnish textbook materials with more interactive
grammar tasks, including OER, self- or student-developed games.

After S_int3 we decided to liberate the classroom interaction by giving students an
opportunity to choose the mode of in-class interaction. Students could work in small
groups (teacher standing by to guide and assist), students could choose to work with the
teacher or could choose to have a mixed-mode lesson. At the same time, and pursuant
to students’ request, we provided time limit notes for each task, relaxed the camera-on
policy for students with technical/psychological problems and expanded the range of
interactive tasks with more games, presentations, hyperlinks, memes, cartoons, OER
videos, songs. To answer our last research question of how to cater to students with
high absenteeism due to COVID-19, technical or personal issues, we designed lessons
in such a way that students were able to access class materials on Schoology in
asynchronous mode and do the same tasks as students in the virtual classroom did.
Absentees’ progress was assessed during Zoom individual consultation sessions.
Necessary instructions were provided.

At the end of our experiment, we conducted a final survey (S_fin) to see how
satisfied students were with GEC2, in general, and with major changes introduced
throughout the fall semester. The overall satisfaction with online English classes to
compare to the beginning of the fall 2020 semester grew insignificantly (only by 4%),
but standard deviation of 0.59 indicates, that at the end of the fall 2020 semester there
was more unanimity among students as to the satisfaction with the fall General English
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emergency remote course. In addition, if we had two students (2%) who were mostly
dissatisfied with their English class at the beginning of the fall semester and 10 students
(12%) whose perception of online English did not change, there were no dissatisfied
students at the end of the fall semester and the number of students whose attitude did
not change dropped to 4 (5%). At the same time, 23 students (27%) reported that their
attitude to online education in general did not change, 26% and 47% of students
reported that their attitude towards online education in general improved and signifi-
cantly improved. The majority of students reported that their motivation to study
English increased significantly (45%), increased (29%), remained the same (20%),
decreased (5%) and dropped significantly (1%). Therefore, we can conclude that there
is a clear positive trend in the attitude towards the online English class, online edu-
cation in general and student motivation to study English.

Judging by the students’ feedback, they appreciated the improvements made to the
organization, technical aspect, content, structure and design of the English course.
Students also thought that the amount of revision materials was adequate. As for the
innovative element of the course, students found grammar games, PowerPoint grammar
presentations and interactive materials to be highly appealing, while time limit indi-
cators and links to dictionaries not so useful (Table 4). Students appreciated a more
democratic way of choosing the in-class study mode –“according to each student’s
choice”, “whole class only”, “in small groups only”, “diversified” (a mix of all modes)
and noted that we should continue implementing this arrangement in the future online
classes.

To triangulate the results of our study, we verified GEC2 completion rate against
the completion rate in similar groups of the same English proficiency level. Our
assessment showed that the completion rate among students who took GEC2 (95%)
was 9% higher than among the control groups (86%).

We also conducted four semi-structured interviews with volunteer students who
reported that their expectations of GEC2 were either met or exceeded, and that if they
could choose the mode of study for the spring 2021 semester, they would go either with
a hybrid course (3 students) or an online only course (1 student).

We believe that though our experiment on the adaptation of an existing blended
learning methodology (GEM0) was overall successful and demonstrated GEM0’s
versatility where the three core GEM0’ elements – the LMS platform (Schoology), the
flipped classroom and bring your own device methodologies – could be easily “mixed,
matched and replaced” in the emergency COVID-19 situation, we still have room for
further research and improvement. For example, right now ITMO along with other
Russian universities is transferring to offline teaching. Considering that the pandemic is
still raging and PPE and social distancing policies are still being enforced, it is of vital
importance to find a way to maintain a safe study and work environment while giving
the students a full-fledged classroom experience and building up their English com-
petencies. Therefore, we are intending to continue our experiment with “GEM0 turned
GEM2” to see how blended methodology and BYOD approach combined with Zoom
in-class streaming can facilitate the implementation of this goal.
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Appendix 1

Table 8. Evolution of the Spring 2018 blended GE learning methodology (GEM0).

Categories Blended methodology
(GEM0, GEC0)

Blended methodology
(GEM_int), GEC_int)

Hybrid methodology
(GEM1, GEC1)

Hybrid methodology
(GEM2, GEC2)

I. Time period Spring 2018 Fall’18–Fall’19 Spring 2020 Fall 2020

II. Motivation for
creation

Automation/improved
course management and
design/increased motivation

Supplement to General
English course

Nationwide emergency
transfer to remote teaching
due to the COVID-19
outbreak

Nationwide emergency
transfer to remote teaching
due to the COVID-19

III. Pedagogical
objectives

Improvement of
communicative, linguistic,
interactional competencies;
cult. awareness; soft skills

Improvement of
interactional competency;
development of soft skills

Improvement of
communicative, linguistic,
interactional competencies;
cult. awareness; soft skills

Improvement of
communicative, linguistic,
interactional competencies;
cult. awareness; soft skills

IV. Pedagogical tools

Theory Significant learning,
Connectivism

Connectivism Connectivism Connectivism

Methodology,
approaches, models

Communicative, blended
learning, flipped classroom,
BYOD, MOOC

Communicative approach,
hybrid learning, BYOD,
OER

Communicative approach,
hybrid learning, flipped
classroom, BYOD

Communicative approach,
hybrid learning, BYOD

Pedagogy Learner-centered, project
work, gamification

Learner-centered, self-
directed learning

Learner-centered, self-
directed learning, ERT

Learner-centered, self-
directed learning, ERT

ESL pedagogy CALL CALL CALL CALL

V. Technological tools

LMS Schoology Schoology/Cambridge
LMS

Schoology/Cambridge
LMS

Schoology/Cambridge
LMS

File storage and
progress tracking

Google Drive Google Drive Google Drive Google Drive

Mode of study Face-to-face Face-to-face/online Online Online

Communication
type

Synchronous/asynchronous Synchronous/asynchronous Synchronous/asynchronous Synchronous/asynchronous

Communication
channel

Schoology/emails/Google
Drive/VK chat

Schoology/emails/Google
Drive/VK chat

Schoology/emails/Google
Drive/VK chat

Schoology/emails/Google
Drive/VK chat

Video – – Zoom Zoom

Zoom mode – – Conference/breakout rooms Conference/breakout rooms

VI. Course organization

Course elements MOOC-based Research
Class, Gen. English and
Video Class

Cambridge-based General
English Class

Cambridge-based General
English Class

Cambridge-based General
English Class

Lessons/ac.hrs/wk 3/6 2/4 2/4 2/4

Contact hours/wk 6 4 2 4

Schoology lessons
arrangement

By week->by class type
(Gen. English, etc.->by
work type
(classwork/homework)

By unit->by unit By lesson->by work type
(classwork/homework)

By unit->by lesson

Schoology lessons
(classwork,
homework)

72 20+ (varied by group) 18 29

VII. Assessment

Formative Randomized, timed
automated Schoology
quizzes/writings/peer
review/presentations

Cambridge
LMS/automated Schoology
quizzes/writings/peer
review/presentations

Cambridge LMS
tests/randomized, timed
automated Schoology
quizzes/peer
review/writings

Cambridge LMS
tests/randomized, timed
automated Schoology
quizzes/peer
review/writings

(continued)
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