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Foreword

The 21st International Conference on Human-Computer Interaction, HCI International
2019, was held in Orlando, FL, USA, during July 26–31, 2019. The event incorporated
the 18 thematic areas and affiliated conferences listed on the following page.

A total of 5,029 individuals from academia, research institutes, industry, and
governmental agencies from 73 countries submitted contributions, and 1,274 papers
and 209 posters were included in the pre-conference proceedings. These contributions
address the latest research and development efforts and highlight the human aspects of
design and use of computing systems. The contributions thoroughly cover the entire
field of human-computer interaction, addressing major advances in knowledge and
effective use of computers in a variety of application areas. The volumes constituting
the full set of the pre-conference proceedings are listed in the following pages.

This year the HCI International (HCII) conference introduced the new option of
“late-breaking work.” This applies both for papers and posters and the corresponding
volume(s) of the proceedings will be published just after the conference. Full papers
will be included in the HCII 2019 Late-Breaking Work Papers Proceedings volume
of the proceedings to be published in the Springer LNCS series, while poster extended
abstracts will be included as short papers in the HCII 2019 Late-Breaking Work Poster
Extended Abstracts volume to be published in the Springer CCIS series.

I would like to thank the program board chairs and the members of the program
boards of all thematic areas and affiliated conferences for their contribution to the
highest scientific quality and the overall success of the HCI International 2019
conference.

This conference would not have been possible without the continuous and unwa-
vering support and advice of the founder, Conference General Chair Emeritus and
Conference Scientific Advisor Prof. Gavriel Salvendy. For his outstanding efforts,
I would like to express my appreciation to the communications chair and editor of
HCI International News, Dr. Abbas Moallem.

July 2019 Constantine Stephanidis



HCI International 2019 Thematic Areas
and Affiliated Conferences

Thematic areas:

• HCI 2019: Human-Computer Interaction
• HIMI 2019: Human Interface and the Management of Information

Affiliated conferences:

• EPCE 2019: 16th International Conference on Engineering Psychology and
Cognitive Ergonomics

• UAHCI 2019: 13th International Conference on Universal Access in
Human-Computer Interaction

• VAMR 2019: 11th International Conference on Virtual, Augmented and Mixed
Reality

• CCD 2019: 11th International Conference on Cross-Cultural Design
• SCSM 2019: 11th International Conference on Social Computing and Social Media
• AC 2019: 13th International Conference on Augmented Cognition
• DHM 2019: 10th International Conference on Digital Human Modeling and

Applications in Health, Safety, Ergonomics and Risk Management
• DUXU 2019: 8th International Conference on Design, User Experience, and

Usability
• DAPI 2019: 7th International Conference on Distributed, Ambient and Pervasive

Interactions
• HCIBGO 2019: 6th International Conference on HCI in Business, Government and

Organizations
• LCT 2019: 6th International Conference on Learning and Collaboration

Technologies
• ITAP 2019: 5th International Conference on Human Aspects of IT for the Aged

Population
• HCI-CPT 2019: First International Conference on HCI for Cybersecurity, Privacy

and Trust
• HCI-Games 2019: First International Conference on HCI in Games
• MobiTAS 2019: First International Conference on HCI in Mobility, Transport, and

Automotive Systems
• AIS 2019: First International Conference on Adaptive Instructional Systems



Pre-conference Proceedings Volumes Full List

1. LNCS 11566, Human-Computer Interaction: Perspectives on Design (Part I),
edited by Masaaki Kurosu

2. LNCS 11567, Human-Computer Interaction: Recognition and Interaction
Technologies (Part II), edited by Masaaki Kurosu

3. LNCS 11568, Human-Computer Interaction: Design Practice in Contemporary
Societies (Part III), edited by Masaaki Kurosu

4. LNCS 11569, Human Interface and the Management of Information: Visual
Information and Knowledge Management (Part I), edited by Sakae Yamamoto and
Hirohiko Mori

5. LNCS 11570, Human Interface and the Management of Information: Information
in Intelligent Systems (Part II), edited by Sakae Yamamoto and Hirohiko Mori

6. LNAI 11571, Engineering Psychology and Cognitive Ergonomics, edited by Don
Harris

7. LNCS 11572, Universal Access in Human-Computer Interaction: Theory, Methods
and Tools (Part I), edited by Margherita Antona and Constantine Stephanidis

8. LNCS 11573, Universal Access in Human-Computer Interaction: Multimodality
and Assistive Environments (Part II), edited by Margherita Antona and Constantine
Stephanidis

9. LNCS 11574, Virtual, Augmented and Mixed Reality: Multimodal Interaction
(Part I), edited by Jessie Y. C. Chen and Gino Fragomeni

10. LNCS 11575, Virtual, Augmented and Mixed Reality: Applications and Case
Studies (Part II), edited by Jessie Y. C. Chen and Gino Fragomeni

11. LNCS 11576, Cross-Cultural Design: Methods, Tools and User Experience
(Part I), edited by P. L. Patrick Rau

12. LNCS 11577, Cross-Cultural Design: Culture and Society (Part II), edited by
P. L. Patrick Rau

13. LNCS 11578, Social Computing and Social Media: Design, Human Behavior and
Analytics (Part I), edited by Gabriele Meiselwitz

14. LNCS 11579, Social Computing and Social Media: Communication and Social
Communities (Part II), edited by Gabriele Meiselwitz

15. LNAI 11580, Augmented Cognition, edited by Dylan D. Schmorrow and Cali M.
Fidopiastis

16. LNCS 11581, Digital Human Modeling and Applications in Health, Safety,
Ergonomics and Risk Management: Human Body and Motion (Part I), edited by
Vincent G. Duffy



17. LNCS 11582, Digital Human Modeling and Applications in Health, Safety,
Ergonomics and Risk Management: Healthcare Applications (Part II), edited by
Vincent G. Duffy

18. LNCS 11583, Design, User Experience, and Usability: Design Philosophy and
Theory (Part I), edited by Aaron Marcus and Wentao Wang

19. LNCS 11584, Design, User Experience, and Usability: User Experience in
Advanced Technological Environments (Part II), edited by Aaron Marcus and
Wentao Wang

20. LNCS 11585, Design, User Experience, and Usability: Application Domains
(Part III), edited by Aaron Marcus and Wentao Wang

21. LNCS 11586, Design, User Experience, and Usability: Practice and Case Studies
(Part IV), edited by Aaron Marcus and Wentao Wang

22. LNCS 11587, Distributed, Ambient and Pervasive Interactions, edited by Norbert
Streitz and Shin’ichi Konomi

23. LNCS 11588, HCI in Business, Government and Organizations: eCommerce and
Consumer Behavior (Part I), edited by Fiona Fui-Hoon Nah and Keng Siau

24. LNCS 11589, HCI in Business, Government and Organizations: Information
Systems and Analytics (Part II), edited by Fiona Fui-Hoon Nah and Keng Siau

25. LNCS 11590, Learning and Collaboration Technologies: Designing Learning
Experiences (Part I), edited by Panayiotis Zaphiris and Andri Ioannou

26. LNCS 11591, Learning and Collaboration Technologies: Ubiquitous and Virtual
Environments for Learning and Collaboration (Part II), edited by Panayiotis
Zaphiris and Andri Ioannou

27. LNCS 11592, Human Aspects of IT for the Aged Population: Design for the
Elderly and Technology Acceptance (Part I), edited by Jia Zhou and Gavriel
Salvendy

28. LNCS 11593, Human Aspects of IT for the Aged Population: Social Media, Games
and Assistive Environments (Part II), edited by Jia Zhou and Gavriel Salvendy

29. LNCS 11594, HCI for Cybersecurity, Privacy and Trust, edited by Abbas Moallem
30. LNCS 11595, HCI in Games, edited by Xiaowen Fang
31. LNCS 11596, HCI in Mobility, Transport, and Automotive Systems, edited by

Heidi Krömker
32. LNCS 11597, Adaptive Instructional Systems, edited by Robert Sottilare and

Jessica Schwarz
33. CCIS 1032, HCI International 2019 - Posters (Part I), edited by Constantine

Stephanidis

x Pre-conference Proceedings Volumes Full List



34. CCIS 1033, HCI International 2019 - Posters (Part II), edited by Constantine
Stephanidis

35. CCIS 1034, HCI International 2019 - Posters (Part III), edited by Constantine
Stephanidis

http://2019.hci.international/proceedings
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HCI International 2020

The 22nd International Conference on Human-Computer Interaction, HCI International
2020, will be held jointly with the affiliated conferences in Copenhagen, Denmark, at
the Bella Center Copenhagen, July 19–24, 2020. It will cover a broad spectrum
of themes related to HCI, including theoretical issues, methods, tools, processes, and
case studies in HCI design, as well as novel interaction techniques, interfaces, and
applications. The proceedings will be published by Springer. More information will be
available on the conference website: http://2020.hci.international/.

General Chair
Prof. Constantine Stephanidis
University of Crete and ICS-FORTH
Heraklion, Crete, Greece
E-mail: general_chair@hcii2020.org

http://2020.hci.international/
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Abstract. Educational technologies (Edtech) collect private and personal data
from students. This is a growing trend in both new and already available Edtech.
There are different stakeholders in the analysis of the collected students’ data.
Teachers use educational analytics to enhance the learning environment, prin-
cipals use academic analytics for decision making in the leadership of the
educational institution and Edtech providers uses students’ data interactions to
improve their services and tools. There are some issues in this new context.
Edtech have been feeding their analytical algorithms from student’s data, both
private and personal, even from minors. This draws a critical problem about data
privacy fragility in Edtech. Moreover, this is a sensitive issue that generates
fears and angst in the use of educational data analytics in Edtech, such as
learning management systems (LMS). Current laws, regulations, policies,
principles and good practices are not enough to prevent private data leakage,
security breaches, misuses or trading. For instance, data privacy agreements in
LMS are deterrent but not an ultimate solution due do not act in real time. There
is a need for automated real-time law enforcement to avoid the fragility of data
privacy. In this work, we take a step further in the automation of data privacy
agreement in LMS. We expose which technology and architecture are suitable
for data privacy agreement automation, a partial implementation of the design in
Moodle and ongoing work.

Keywords: Smart contracts � Learning Analytics � Moodle � Data privacy �
Digital identity � Blockchain � Educational data mining � Academic analytics

1 Introduction

In the last decades we have seen a fast-paced evolution in the way information tech-
nologies for education (Edtech) are used. This evolution goes from seeing the computer
itself as the educational tool in – as first introduced by Seymour Papert in the late
1970’s [1] - to software developed specifically with instructional purposes [2, 3], to the
usage of computer and other technological devices as content delivery platforms, to
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blended and online learning applications like Virtual Learning Environments
(VLE) and apps [4], and finally the usage of platforms not specifically designed for
learning but providing powerful assets like video streaming, online maps, office tools,
calendars, email or social networking. Each of these steps has not deprecated the
previous one, but built upon it adding more layers of usefulness and complexity.
During the last 15 years there has been a big push for interoperability between systems
in education [5–9]. This is allowing for a transformation of the Edtech ecosystem from
one based on products (the computer, the software, the content, the VLE …) to an
ecosystem of services. These services can be self-provided by the institution, like the
back-office management system (enrolment, syllabus and curriculum management, ed-
ERP) and the VLE, and can also be services provided by vendors providing learning
apps, contents and other services [10–12].

In the first stages of this evolution the learning device was a single computer,
unconnected, using software locally executed to perform learning activities or access
contents from a tape or disk. But in the early 2000’s this shifted to continuous online
experience where the device used by the student is just a means to connect to online
webapps and content. The software that runs these services is running on servers
elsewhere, either by the learning institution or vendors. And all interactions are tracked
and logged, generating data, lots of data.

The availability of this data allows for the birth of Learning Analytics, that aims to
track and better understand the behaviour of the students at a collective and individual
level [13–17]. This knowledge can be given to teachers and instructors in the form of
statistics, graphics, dashboards and even recommendations in written form automati-
cally generated [18]. The information can also be given to managers and policy makers
in order to make better informed decisions.

What could possibly go wrong? While is reasonable for the learning institution to
gather and use data about the learning activities of its students, to a point. When the
online learning services are provided by commercial vendors, and especially when
minors are involved, there is a clear concern about what data is being gathered and for
what purpose [19]. This concern is increased in the current situation where deep
learning algorithms are being used to model and influence the behaviour and senti-
ments of people.

The control of privacy in education has become an important problem to solve in
Edtech.

This paper is organized in four additional sections. Section 2 presents the context
and the problem authors want to address. Section three explains the solution proposed.
Section four describes the software that has been developed as well as the platform
authors are using. Section five presents the conclusion of the work and presents future
work.

2 The Problem: Data Privacy in EdTech

As we have introduced previously, today the use of Edtech implies that personal
information about the students and about their activity is going to be gathered and
moved around. This is going to happen in two ways:
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1. Internal data gathering: The data and metadata about the student and her activity
is kept within the servers managed by the learning institution. This information is
kept unencrypted and can be accessed by most of the IT personnel with access to
the databases and files in the servers. This personal information is highly vulnerable
to hacking and lack of proper security. Sometimes a number of schools share an IT
provider that hosts their VLE’s on a server farm or cloud, and security audits show
that in this situations the compromise of one install can spread to the rest of
installations.

2. External data gathering: The students access a service provided by a vendor
outside the learning institution. Sometimes the service is provided through an
interoperable service integrated in the VLE – using IMS LTI or another standard [6] -,
while there is no direct contract or agreement of terms of service between the student or
his legal tutors, some personal information is transferred to the vendor in order to
provide the service and the data about the student’s interactions are gathered and kept
outside the control of the institution, the students and their tutors. Even in the case that
the identity of each student is hidden from the vendor, the IP address and cookies from
tracking sites can allow the identification of the student via social network profiles and
other means.

The students and their legal tutors are all the time agreeing to conditions- they most
of the time don’t understand the meaning and implications- that allow the collection,
management and use – and even selling or sharing with other actors – their personal
data and logs. The case of the inBloom schools is a clear example of bad practice with
regards to data privacy by the providers of learning online services [20].

Several projects and regulations have been created to deal with data privacy and the
current misuses or bad practices. GDPR, data privacy guides such as DELICATE or
ethical principles have been created for this purpose [21, 22]. The importance of this
issue has made possible the creation of data policies that uses Edtech in micro context
(classrooms), medium context (institutions) and macro context (governments).

The formulation of laws, regulations, frameworks for service agreements and
ethical codes is important and a step in the right direction to address the problem of
data and metadata privacy in education. However, we need to have a technological
solution to enforce the agreements and regulations. We need to integrate the privacy
management in the very core of the design of our Edtech systems and interoperability
standards.

In a previous paper the authors explored the possibility of using Blockchain
technologies as a core technology to address this problem. Our findings reveal that
most likely the Blockchain [23, 24] is not a good way to go. We also explored the main
characteristics of a technological solution that can be introduced in the mix: a software
component we have named provisionally Personal Data Broker PDB, outlined in the
diagram in Fig. 1.

In the same paper we propose the use of Smart Contracts as technology that can be
used to implement the proposed solution. We believe that this technology is a strong
candidate to help automate privacy policies in a sound and secure way.
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2.1 Research Question, Objectives and Scope

Our research question is: Is possible to implement a secure system that enforces privacy
policies and agreements in real time in an Edtech environment?

For one part we are pretty sure that we could design from scratch a new VLE
engine, and a family of apps and online services for education with privacy principles
embedded in the core of its design. However, our aim is to propose a solution that
could be implemented and used in production environments in a short span of time.
This means that we have to contend with legacy systems. Fortunately, open source
VLEs and interoperability standards can be tinkered with to find a solution and
implement prototypes to test our ideas. Hence, our initial scope will be to propose a
solution that works for an existing VLE.

Given the author’s previous experience and background within the Moodle com-
munity we choose Moodle as the host system to implement the PDB.

The objectives we aim for are:

1. Ensure privacy within the VLE. The VLE stores personal information and
information about the activity of the student in the platform. Our goal is to encrypt
this information and make it accessible to software and users only on a need to
know basis.

2. Automate the enforcement of privacy agreements and regulations. The privacy
agreements, regulations and ethical codes of the learning institution need to be
enforced by automation. In the same way Creative Commons created sets of legal

Fig. 1. Personal data broker.
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choices (licenses) that could be easily communicated to users without legal
expertise and read by machines, we aim to define a set of patters of privacy
agreements that we can implement with smart contracts within the VLE and its
ecosystem of learning apps and services.

This is an ongoing research that has too great a scope to present in a single
manuscript. So far we have only developed part of the first goal. The results are
presented in the following sections. The development of the remaining part will be
presented in future publications due to its greater complexity and extension. However,
its approach is exposed and how different development possibilities will be addressed.

To complete the second goal we are conducting an analysis of the current laws and
guidelines on data privacy. This will allow us to generate a questionnaire to conduct a
series of interviews within the educational context. The results will be presented in
future publications.

3 Development

In this section we present the technologies used in PDB as well as the VLE to develop it.

3.1 Smart Contracts

In order to execute policies and privacy agreements, in Edtech and in real time, digital
automation technologies are needed. Smart Contracts are the most appropriate tech-
nology for this purpose, since their use does not break interoperability and security in
the transfer of educational data.

The main goal of a Smart Contract is to automate the business rules between
multiple entities, multiple subjects or subjects and entities. This technology is based on
small programs whose activation depends on specific conditions.

It has been previously shown that using only laws and regulations is not a valid
approach for technological environments. In technological environments, a techno-
logical solution is required. Szabo [19] stated in relation to the Smart Contracts: “Smart
contracts […] provide us with new ways to formalize and secure digital relationships,
which are much more functional than their paper-based inanimate ancestors.” There-
fore, the Smart Contracts are useful to solve the problem of the control of the privacy of
educational data.

The terms of use of Edtech tools and their data management can be found in the
privacy contracts. These contracts are made between students and entities-educational
institutions or providers. The Intelligent Contracts must execute the relevant actions
declared in the agreements and conditions specified in the privacy contracts.

Intelligent Contracts can be used in VLEs to enforce regulations, laws, principles
and good practices. This legal automatism can guarantee the privacy of student data.
You can also make secure transfers between interoperable tools or even between
independent tools. Therefore, the proposed solution incorporates Smart Contracts.
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3.2 Selected VLE

To implement the PDB we are using Moodle. We have selected Moodle following a
series of criteria from the research itself, from the knowledge and previous experience
of the researchers and time and available resources. We summarize the criteria on
which we based our decision as follows:

1. It must be open source.
2. It must be developed in a programming language knows by researchers.
3. It must be widely used by educational institutions.
4. It must have logs and a user table.

The previous criteria reduced the selection of the platform to Moodle and Sakai.
After inspecting the source code of both, the architecture of their databases and the
architecture of both VLEs, we verified that:

1. Moodle has a serious problem of queries to the DB user table: Most are scat-
tered all over the code, visible and used at the discretion of the developers. This
means that anyone who has access to the code can know and modify student data.
On the other hand, since the queries are direct and built by the developers, serious
security breaches can be generated.

2. Sakai is less mature: The development of this VLE is more recent. It is demon-
strated with some comments inside the code. These comments confirms less
maturity than Moodle. For instance “do we need these if we are all-webpack?”,
“Come up with a better solution for this.” Or “these ones are questionable”.

3. Database security: The Sakai database has an additional level of security because it
anonymizes users with an intermediate table. The Moodle user table can be
accessed with a direct query without anonymization or encryption.

Finally we decided to use Moodle for the following reasons:

1. It is open source.
2. There is a strong and consolidated community of developers and teachers.
3. It is the most used VLE in Spanish territory and in other countries compared to

Sakai.
4. The research team is familiar with the code due to previous developments and direct

relationships with the Moodle management team.
5. Moodle Headquarters is located in Barcelona, a city in which researchers develop

their activity. This increases the chances of a meeting and faster progress.

We believe that it will be much easier to implement the proposal in Moodle. This
will reduce the time, resources and development costs. The widespread use of Moodle
will mean that the results of the research will have a greater impact on the educational
community.

3.3 Development in Moodle

Our first goal is to ensure the security and privacy of student data in Moodle. After an
exhaustive analysis we have detected two possible implementations that affect two
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different aspects: collection and storage. Our development in Moodle will have to
ensure the security and privacy of student data in the data collection models as well as
in the available stores.

In Moodle there are two tables related to the collection and storage of personal data
of users. On the one hand we find the table where the interactions are stored (logs) and
on the other the table where the users own data is stored, such as name or email. Our
development focuses on securing these two tables.

Our second goal is the agreements between educational institutions and students.
The development of this goal is currently underway. We expose at the end of this
section how we are proceeding and what technologies we will use.

Logs
A log is a physical or virtual space where user interactions are stored with tools. The
interaction of the students with the VLE generate logs with educational and personal
data.

The VLE use a procedure called clickstream to capture the interactions of the
students [2]. This procedure consists of saving all the clicks of the students in a table of
the database (logs). These clicks are associated with additional information about the
course and the student, such as date of interaction, access IP, course, activity, user id or
any other related data.

The data collected in this log table allows educational analysts to perform analyzes,
visualizations and extractions. With these reports you can act to improve both the
learning of students and the environment. This is the foundation of Learning Analytics
and the logs table is one of the first resources to analyze.

In Moodle, the logs are a table that is not encrypted. This means that the system
administrator and even developers have access. In this table all the interactions of the
users are saved. Therefore, anyone who has access to these data can alter, filter, trade
with them and use them at their convenience.

Moodle configuration allows logs to be stored outside of your database. This opens
up new opportunities for improvement in both the collection and storage of
interactions.

Our purpose has been to develop a specific plugin to intervene each user interaction
and save it in the Personal Data Broker, a plug-in for Moodle. A plugin is a devel-
opment that is installed in the VLE and adds new features. The developed plugin
captures any interaction by clickstream in Moodle, prevents it from being saved in
Moodle’s own log and sends it secure to the PDB. This procedure allows to:

1. Keep the data away from possible manipulations and leaks.
2. Secure the data with adequate encryption in the present and future.
3. Keep privacy and prevent unauthorized users from accessing data.

Figure 2 shows the data flow from the moment the user performs an interaction
until it is securely and privately stored in the secured logs table of the PDB.

In a first stage we consider Blockchain as a possible solution to the problem.
However, we detected a series of limitations that make it an unsafe and unstable
candidate. Our new proposal in plugin format improves Blockchain’s limitations in the
security and privacy of educational data:
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1. The immutability of the data: Blockchain does not allow new encryption algo-
rithms to be applied. This is a danger when the computational capacity can break
such algorithms with ease. The PDB plugin can re-encrypt data at your
convenience.

2. The privacy of the data: in Blockchain all data is public. The users of the network
have a copy of all the transactions. This foundation violates the principle of privacy
of student data. The PDB plugin enables access to users who have appropriate
permissions.

3. Need for a database: Blockchain is very bad database. It is very slow writing the
blocks, there is no option to delete or modify data, and everyone has access to them.
This means that instead of Blockchain we can use a relational database and all these
problems are solved automatically. This is the reason why the PDB plugin uses a
relational database.

User Table
The Moodle user table contains personal, configuration and relations between tables. In
this way we find stored the Moodle user table the internal userId, the name and
surnames, the address, an image and even data from social networks. Any access to

Fig. 2. Data flow PDB.
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these data, manipulation or filtering them is much more serious than doing it in the log
table. The log table contains only some user data. The user table contains all the
personal data of all users. In addition, the fact of having the social networks data of the
each user allows may to extract a lot of intimate information. It is demonstrated that
the data stored in the Moodle user table go beyond the academic life of the user.

From the Moodle user table comes out the user data that is displayed in Moodle.
Any information, user profile visualization, grades chart, progress visualizations,
interactions in a forum or delivery of tasks requires access to this table. Therefore, it is
essential to secure and privatize access to the user table.

Despite the security limitations, the Moodle architecture manages to privatize the
data through a hierarchy of permissions. A student cannot see students who are not
from their course. In the same way, a teacher does not have access to the data of
students who are not enrolled in their course. However, anyone can access information
on the profiles of the visible users. If we jump at the administrator level, he has the
ability to access all user information, without any restriction and without impeding the
extraction of them outside of Moodle. Unfortunately, the data is not encrypted, a fact
that shows a low security in the protection of personal user data.

The development related to the user table is not trivial. It requires much more
advanced techniques that ensure a real security and privacy in accordance with the
agreements established in the contracts and data policies. The fact that in the Moodle
code there is a high dispersion of queries that Access the user table, makes the solution
to be applied more complex. Our mission is not to solve this Moodle problem, but to
provide a solution to the problem of data fragility.

In these moments we are developing different prototypes, testing and evaluating
their efficiency and adequacy. In general terms, we are going to perform a hack in the
Moodle architecture that allows us to add an additional layer of security to any query to
the user table. The architecture we propose will be based on the following techniques:

1. Triggers: The databases work based on events. Each time one of these events
happens, an action (trigger) is triggered. A set of code statements can be assigned to
each action. From this point of view, any action of creation, reading, modification or
elimination (CRUD) in the user table would be intercepted. Doing so would sup-
pose a control of the security and privacy of the data subedited to the PDB, which
would administer accesses and permissions.

2. Outsourcing of the user table: This measure is very drastic and consists in out-
sourcing the user table of the Moodle of the institution. This would require making
a modification of the native Moodle code and changing the access system.

3. Temporary tables: Consists of creating temporary tables with extracts from the
user table. In this way Moodle users would access the temporary table whose
content would be the set of users to which they have access.

4. Triggers and externalization of user data: This measure is a hybrid between the
use of events in the user table and the outsourcing of the same table. It consists in
saving the data within the PDB and events would be responsible for retrieving that
information that requires the user and also have access permissions.

5. Triggers, outsourcing and temporary tables: The complexity of the solution can
lead us to implement different approaches at the same time. We are aware that there
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is no single approach to solve the problem, since each one solves a specific casu-
istry. Therefore, we do not rule out using all the proposed approaches in the final
solution.

The review of the possibilities denotes that the solution must be presented at the
level of the database and specifically in the user table. We believe that modifying the
native Moodle code is not the best option. In this sense, we focus our efforts on finding
a solution less intrusive in code, but effective and that acts at the database level.

The complexity and supply of each of the possible solutions can even generate a
publication. Therefore, the results of all the tests and final solution will be presented in
future publications.

Law Automation
The above situations shows the limitations of laws to solve the detected problem. In
addition, the laws are only effective considering a state of good faith on the part of all
the actors. Therefore, the need to find a technological solution to the problem of
fragility in data privacy is reaffirmed.

For the technological solution to be functional, all the agreements established in
contracts and data policies must be applied automatically. In this way we reduce the
possibilities of undue access to data and fraudulent uses.

These laws and agreements between students and educational institutions will be
automated with the use of Smart Contracts. Before doing so, we must make sure of
what must be automated. To achieve this, we will carry out a questionnaire that will
allow us to interview different people in the educational field and in different roles.
With the answers we can extract patterns to automate.

The questionnaire will be carried out based on the different regulations, frameworks,
principles and good practices:

1. Regulations: LOPD (Spain) y GDPR (Europe)
2. Policy frameworks: DELICATE (LACE), LEA’s Box (Europa), NUS, NTU, OU,

CSU o Usyd (Australia)
3. Ethical principles: Como los expuestos por Abelardo Pardo y George Siemens
4. Good practices and ethical codes: SHEILA, ROMA, Jisc (UK)

This process is arduous and involves the participation of different educational agents
and EdTech providers. These will be interviewed and their answers will be analyzed to
extract automated conditions. These automations will be implemented in the Moodle
code to be related to the PDB. The results will be presented in future publications.

4 Conclusions

Throughout the manuscript, we have exposed the biggest current problem in the use of
Edtech and how to approach it technologically. The analytical capacity of the different
Edtech tools highlights a large amount of educational data collected. These data,
including from minors, are vulnerable in terms of their transfer, storage, and use.
Consequently, we detected a serious problem of privacy control in education and in the
use of Edtech.

12 D. Amo et al.



Exposure to data can happen in internal and external environments of the educa-
tional institutions. The data transfer to Edtech providers increases the risk of misuse
and disables the management and control of data by educational institutions.

The laws that regulate the collection and use of data are not enough to avoid leaks,
exposures, and misuses. Students and teachers are constantly accepting terms of use
and privacy agreements with Edtech tools providers. The content of such contracts is
not understood at all or educational roles are not able to glimpse potential risks in some
of the contractual conditions.

In the provider’s context, there is evidence of entities that ignore the laws. This fact
provokes undesirable situations of leaks and marketing of educational data. Therefore,
there is a need to apply an automatic regulation system to solve the problem of privacy
control.

In a virtual learning environment, there are different places where educational data
is stored. We mainly find the logs and the user table. The interactions of the students
are stored in the logs. The personal data of the students is stored in the user table.
Securing and privatizing these two warehouses is key to avoid the problem detected.

We believe that Smart Contracts are the most appropriate technology to automat-
ically assure the security and privacy of the data stored in the logs and user tables, of
any EVA. We succeeded in developing a secure and private logs storage plugin for
Moodle. Hence, a technological solution is a manner to solve the problem.

Part of the research is considered a work in process.We are designing the architecture
and collecting the necessary information to carry out the following developments.
However, throughout the manuscript, we have shown how it is possible to privatize the
Moodle logs, from the conception of the architecture to its final functional development.
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Abstract. Artificial Intelligence is one of the trend areas in research. It is
applied in many different contexts successfully. One of the contexts where
Artificial Intelligence is applied is in Education. In the literature, we find several
works in the last years that explore the application of Artificial Intelligence-
related techniques to analyze students’ behavior, to enable virtual tutors or to
assess the learning. However, what are the students’ perceptions on this subject
of Artificial Intelligence and Education? Do they accept the use of Artificial
Intelligence techniques to assess their learning? Are they reluctant to be influ-
enced by non-human agents in such a human process like education? To try to
respond to these questions, this paper presents a novel proposal of a research
model based on the Technology Acceptance Model. To describe the model, we
present its different main constructs and variables, as well as the hypotheses to
analyze, adapted to the object of study. Finally, we discuss the main implica-
tions of this research model, the opportunities that could come based on this
proposal and the future of this research.

Keywords: Artificial intelligence � Technology acceptance model � Education �
eLearning � Students

1 Introduction

Artificial Intelligence (AI) is used nowadays in a lot of different contexts [1–8]. It
affects millions of humans every day and drives many outstanding innovations around
the world. There is no doubt that AI is enabling individuals and companies to
accomplish tasks that usually were impossible, even with a large number of people
involved in. However, in parallel to the bright side of the advance, we observe that
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some part of the society is concerned with the (uncontrollable) advance of AI and its
future implications [9–11].

Among the different application areas of the AI, we find the knowledge field of
Education. With the appearance of new research tendencies like Learning Analytics,
the Smart Classrooms, the Virtual Environments, or the Personal Learning Environ-
ments, we are experiencing the mixture of data-driven approaches which include the
use of personal data to evaluate the learning process, guide the learning path, etc. [12–
15].

Since many years ago, AI has been envisioned as a core part and booster agent of
the future in education and human intelligence augmentation [16–20]. However, what
are the students’ perceptions on this subject of AI and Education? Do they accept the
use of Artificial Intelligence techniques to assess their learning? Are they reluctant to be
influenced by non-human agents in such a human process like education?

To dig into these questions, it is needed to have the proper tools and methods. This
paper deals with these aspects, it is devoted to introducing WIP research which tries to
figure out how users perceive the interaction with artificial intelligence in a significant
field like the education one. To do so, we use the Technology Acceptance Model
(TAM) [21, 22] as the primary basis on where to build our research. Using TAM, we
have designed a set of elements composing a survey. This survey will let us know the
current status of users’ perceptions about AI & Education, their reluctance to be under
the scrutiny of intelligent software pieces or their acceptance of this kind of advances.

To present this work, section two introduces background in mixing Artificial
Intelligence and in applying TAM models in Education. The third section presents our
approach, describing our first proposal of a survey to measure the users’ acceptance of
this kind of technology. The fourth section depicts the future work to be done and a
brief conclusion on our proposal.

2 Background

This section depicts the current state of the art in the fields of AI applied to Education
(first subsection) and Technology Acceptance in Education (second subsection).

2.1 AI & Education

As outlined in the introduction, the AI-related algorithms and tools applied to Edu-
cation are gaining interest in the scientific community [23, 24]. This is not only a
perception based on the current general attention and hype around AI. According to the
Web of Science, the number of papers published related to the topics “Artificial
Intelligence” and “Education” in its core collection is rising since 2008 (Fig. 1). In the
last ten years (2010–2019) have been published the 65,56% of all the papers indexed in
this database and related to both topics. Even more, during the years 2016–2018, were
issued the 34,63% of all the articles published in this context.

The applications of AI in Education, despite the area, is evolving, are varied. Since
many years ago, researchers tried to employ artificial intelligence techniques to deal
with complex issues like those present in education: analyze students’ behavior,
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develop strategies to personalize the learning, detect learning styles, help students
during the learning tasks, assess their performance and learning results, etc.

The literature covers a wide range of approaches, solutions, and contexts. We can
observe the application of AI in tasks performed in the real world [25], in the virtual
one [26], in learning processes that involve K-12 students [27], in other processes with
adult learners [28], in smart environments [25], in contexts which include interaction
with social robots [29], etc.

To illustrate the impact of AI and related approaches in the field of Education, and
according to the literature, we can distinguish different kinds of actuation. One is the
application of AI to analyze the humans involved in learning (mainly students), other is
the application of AI to improve the learning process, and finally, the use of AI to
assess the learning and the results achieved.

In the case of analyzing students’ behavior and mental strategies, we find inter-
esting papers about evaluating students’ problem-solving strategies [30], about
assessing the learning styles of students [31, 32] or predicting the students’ mood
during online tests and its impact on their results [33].

In the context of improving the learning process can be observed different trends,
for example: establish virtual tutors, virtual partners, or the personalization of the
learning environments. One of the most common applications of the AI found in the
literature is the creation of virtual tutors to guide students during their learning [28].
There are some exciting works related to enable those virtual tutors: from those papers
that propose which learn from real teachers and tutors to imitate their behavior when
interacting with students to help them [34], to others that try to guide students during
specific learning-related tasks to improve their performance [27, 28, 35]. Other papers,
rather than create virtual tutors, implement virtual partners for students who advance
through the learning process with the students in every moment [36]. Finally, there are
some excellent articles on the personalization of the learning environments and stu-
dents’ learning paths. For example, some authors dealt with the personalization of
virtual 3D immersive environments [26] or another kind of virtual facilities for learning
[37].

Fig. 1. Papers indexed in the Web of Science in the last 25 years (1995–2019) that contains the
topics “Artificial Intelligence” and “Education”. Source: Web of Science webofknowledge.com
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The last area of application to comment is the use of AI techniques to evaluate,
assess or predict the learning and students’ performance. Related to the prediction of
results, some papers try to predict the student performance on certain tasks [38] or
directly to predict their GPA in different courses [13]. In the case of assessing the
learning (instead of predicting the results), we observe that it is a very active sub-area
under the area of applying AI into the Education processes. For example, there are
research papers and projects related to assessing the students in specific tasks [39],
others related to evaluate the students’ knowledge through cloud computing services
(a.k.a. “intelligent assessment as a service”) [40], others related to assess learning
activities in different environments like 3D immersive scenarios [26], as well as other
papers that try to asses activities in real-world facilities like laboratories [41].

This third area of application is the most relevant for the proposal presented in this
paper. In the following sections, we will present how to analyze the students’ accep-
tance of being subject of study by artificial intelligence.

2.2 Technology Acceptance in Education

The study of the factors that condition the acceptance of technology among educational
users constitutes a large body of research [42] that continues to grow motivated by the
fast technological development and the constant incorporation of new devices and
information systems e.g. [43, 44] that may offer innovative solutions and contribute to
the transformation of the teaching-learning process [45].

One of the primary resources for the study of these factors is the development of
technology adoption models. This way we can find a wide variety of researches con-
ducted in the educational field that applies different models such as the Unified Theory
of Acceptance and Use of Technology (UTAUT) [46] e.g. [47], the Task-Technology
Fit Theory (TTF) [48] e.g. [49] or the Theory of Planned Behavior (TPB) [50] e.g. [51]
for the study of the factors that affect the intention of using a given technology of the
students.

However, despite this variety of theories TAM rises as the dominant model in the
educational context [42, 52]. This theory explains the technology acceptance process
through a model (Fig. 2) composed by five factors namely perceived usefulness (PU),
perceived ease of use (PEU), attitude towards the use (AU), behavioral intention of use
(BI) and actual use (U).

The success of this model is mainly due to its parsimony, given that it can explain a
large percentage of the variance of BI and U with a relatively small number of con-
structs [52] and an instrument composed by 18 Likert-Type items to measure them.
This combined with its transferability to different contexts and samples makes TAM
the most suitable tool for the development of technology adoption studies in the
educational field [42, 52].

However, TAM also has its limitations such as the lack of consideration of the
effect of external variables, although their influence is recognized in the model, or its
limited explanatory power when is applied in exploratory studies [53, 54].

In order to overcome these limitations, researchers frequently modify the model and
expand it to adapt TAM to new contexts and technologies [52]. Some of the findings of
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these investigations have been integrated into two subsequent versions of TAM: TAM2
[55] and TAM3 [56].

This way in the educational field we can find examples of the design and appli-
cation of TAM based models expanded with constructs from other adoption theories
such as subjective norm [57], self-efficacy [58] or facilitating conditions [59] to analyze
the students’ acceptance of technologies including LMSs [57], mobile devices [60] or
QR codes [59]. However, to the extent of our knowledge, there is a lack of models
specifically designed to examine the acceptance of AI-driven assessment among
eLearning students.

3 Proposal

As it has been established, the model presented in this proposal is based on TAM, from
this theory we have kept its five main components [43] defined in the model as follows:

• PU: A dimension that measures the perception of the individuals of the degree in
which the use of AI-driven assessment would enhance their learning.

• PEU: Defined as the users’ perception of the degree of effort necessary to use the
new resource.

• AU: A construct that refers to the students’ evaluative affect (positive or negative
feelings) towards using AI-driven assessment.

• BI: A factor in assessing the students’ intention to partake in AI-driven assessment
activities.

• U: The endogenous variable of the model, which measures the level of use of AI-
driven assessment resources.

Additionally, we also kept the six main hypotheses of TAM [43] adapted to the
object of study:

Fig. 2. TAM model [22]
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• H1. Perceived usefulness is positively related to the intention to participate in the
AI-driven assessment activities of the students.

• H2. Perceived usefulness is positively related to the attitude towards the partici-
pation in AI-driven assessment activities of the students.

• H3. Perceived ease of use is positively related to the attitude towards the partici-
pation in AI-driven assessment activities of the students.

• H4. Perceived ease of use is positively related to the usefulness perceived by the
students in the implementation of AI-driven assessment in eLearning.

• H5. Attitude towards use is positively related to the intention to participate in the
AI-driven assessment activities of the students.

• H6. Behavioral intention is positively related to the use of AI-driven assessment
resources of the students.

After performing a literature review, the adapted TAM was expanded with three
additional variables from other theories with the intention increase the variance
explained of the model, namely, subjective norm (SN), resistance to change (RC) and
trust (TR).

SN is a variable formulated within the TPB that measures the effect of the social
and organizational pressure perceived by the individual towards the performance of a
given behavior. This variable is frequently used in investigations focused on the
technology adoption of the students [57, 60] with good results and it is included in
TAM2 [55] and TAM3 [56]. This way, the existence of an open debate on the con-
venience of using of AI [9–11] may exert a pressure on the individual that condition
both their perception of the advantages of using AI-driven assessment and their
intention to use this technology [56], therefore we propose the following hypotheses:

• H7. Subjective norm is positively related to the usefulness perceived by the students
in the implementation of AI-driven assessment in eLearning.

• H8. Subjective norm is positively related to the intention to participate in AI-driven
assessment activities of the students.

On the other hand, RC refers to the feeling of stress or discomfort experienced by
the individuals when they have to face changes [61] and is deemed to have an adverse
effect on their technology adoption [62].

The incorporation of AI-driven assessment on eLearning courses entails profound
changes in the teaching-learning process including the increase of the human-computer
interaction and the decrease of involvement of teachers in assessment activities. These
changes may face resistance from the student that may affect their perception of the
usefulness of the technology, their feelings towards its use and their subjective prob-
ability of participation in AI-driven assessment activities [63]. Thus, we propose the
following three hypotheses for this construct:

• H9. Resistance to change is negatively related to the usefulness perceived by the
students in the implementation of AI-driven assessment in eLearning.

• H10. Perceived usefulness is negatively related to the attitude towards the partici-
pation in AI-driven assessment activities of the students.

• H11. Resistance to change is negatively related to the intention to participate in the
AI-driven assessment activities of the students.
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• Finally, TR is a construct originated in the field of social psychology [64] nd
defined as the willingness of the individual to rely on the other party [65]. This
variable has been recognized as a critical element that determines human-
automation interaction having a persuasive or dissuasive effect on the use of AI-
assisted technologies such as automated vehicles [66].

Although the incorporation of this construct in TAM based models is still in an
initial stage of development in the educational field, it is commonly used in other areas
such as e-commerce [64], online banking [67] or electronic voting systems [68],
showing its effect on the variables from TAM. The model proposal is completed
(Fig. 3) with the following hypotheses for this construct:

• H12. Trust is positively related to the usefulness perceived by the students in the
implementation of AI-driven assessment in eLearning.

• H13. Trust is positively related to the attitude towards the participation in AI-driven
assessment activities of the students.

• H14. Trust is positively related to the intention to participate in the AI-driven
assessment activities of the students.

4 Discussion and Conclusions

As seen in the literature, there is a rising interest in the scientific community about the
use of AI-related techniques in education, but there is a lack of studies on what are the
effects of the inclusion of these tools among the students. This paper presents a novel
research model based on TAM elaborated after an extensive literature review. The
purpose of the research model is to study how students accept the use of AI techniques

Fig. 3. Research model
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and tools by educators when assessing the learning. The model is composed by 8
constructs that serve to examine the effect of utilitarian motivations, social pressure,
dispositional resistance to change and personal conceptions of AI in the disposition of
the students to participate in AI-assessed educational activities.

Based on this research model, we have developed an instrument to gather data
about students’ perceptions of the subject presented. This instrument is currently in the
validation stage. Using the validated version of the instrument, we will carry out an
empirical study on the acceptance of AI-driven assessment among students. This study
aims to provide a solid foundation about subjects’ perception on which other
researchers could base their future works.
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Abstract. Humans play a central role in information security. The
behavior of workers at their workplace affects the confidentiality,
integrity, and availability of sensitive corporate information. In addition,
attackers exploit the “human factor” as a weak point with techniques
such as phishing, malware, and social engineering. Exploiting the lack of
awareness is often an easy task with minimal risk. To make employees
aware of their important role, companies typically carry out security
awareness campaigns. Our university created an e-Learning Platform
(eLP) to support our awareness campaigns. In order to determine the
success, the effectiveness and the impact of such an awareness campaign,
suitable measurement methods are needed. A common approach to mea-
sure the success of eLPs is to run surveys and questionnaires with the
learners. Since the manual evaluation of those surveys and questionnaires
is a time-consuming task, we are researching how a possible automation
can be achieved. Moreover, the effectiveness is often evaluated through
quizzes or knowledge tests. Since knowledge by itself does not improve
the behavior of people, the compliant-behavior has to be measured, too.
We derived metrics for success and effectiveness but recognized that suc-
cess can hardly be measured automatically. To reduce the manual effort
we decided to only measure the effectiveness automatically. Therefore,
we are measuring the behavior and determine if the security-compliance
has increased.

Keywords: Information security awareness · Measuring ·
e-Learning Platforms · Success · Effectiveness · Automated measuring

1 Introduction

In information security, humans play a central role. The behavior of workers at
their workplace and at their home affects the confidentiality, integrity, and avail-
ability of sensitive corporate information. Risks can occur by a lost smartphone,
a confidential document accidentally left on a desk, or a strange USB device used
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due to missing awareness of potential dangers. In addition, criminals exploit the
“human factor” as a weak point with techniques such as phishing, malware,
and social engineering [12]. Former social engineer Kevin Mitnick puts it this
way: “Cracking the human firewall is often easy, requires no investment beyond
the cost of a phone call, and involves minimal risk [18].” To make employees
aware of their important role, companies typically carry out security awareness
campaigns [11,27].

In order to determine the success, the effectiveness and the impact of such
an awareness campaign, suitable measurement methods are needed. In general,
experiments or hypotheses cannot be verified without a suitable measurement
method. For example, our university aims to increase the information security
awareness of employees and students via an e-Learning campaign. To verify
that the awareness indeed has increased, a suitable measurement method for
security awareness is also required. The awareness level measured before the
e-Learning campaign has to be compared with the awareness level measured
after the campaign has been finished. In general, measurement results are needed
to justify the budget, to identify further opportunities for improvement, and to
assess whether actions have been effective.

In order to increase the information security awareness of employees and
students, our university created an e-Learning Platform (eLP) about informa-
tion security to run e-Learning campaigns. The eLP was created as part of a
research project and contains slides, lectures and information about security
issues and possible attack vectors. Moreover, the platform provides quizzes and
other knowledge tests.

Based on related work on measuring the success of eLP, metrics were derived
to provide information on whether the participants’ security awareness has
increased. The derived metrics and results of our research will be used to answer
the following research questions:

(Q1) How is the success and effectiveness of eLPs measured in general?
(Q2) How can the impact of eLPs on information security awareness be mea-

sured?
(Q3) Is it possible to automate the measurement of success and effectiveness

impact?

At the beginning, we summarize related work on security awareness, mea-
suring success and effectiveness of eLPs, and measuring security awareness. In
Sect. 3, we evaluate existing metrics to measure the success and effectiveness of
eLPs and group them into categories. This evaluation of metrics is based on a
literature review. In Sect. 4 we introduce our project in which the eLP and the
measuring was executed. Afterwards, we discuss the advantages and disadvan-
tages as well as the limitations of our approach. Finally, we give a short summary
of the paper and describe our future work.



28 T. Fertig et al.

2 Related Work

2.1 Security Awareness

Security awareness targets the “human factor” and has established itself as a
separate research area within information security. Moreover, security awareness
focuses on how IT users can be brought to an information security-compliant
behavior. IT users should be motivated to use their theoretical knowledge about
information security in practice [2] and should be convinced of the importance of
their actions [9]. In practice, information security awareness campaigns mainly do
one thing: In lectures, employees receive theoretical knowledge about information
security. However, the actual behavior of an employee is hardly influenced by
classical training [28].

An additional aspect of information security awareness is organization, which
was described by Helisch and Pokoyski [11]. They mention that the organization
ensures that employees in the company are able to behave in compliance with
information security. Therefore, the organization ensures that no barriers exist,
which are in conflict with compliant behavior. For example, a hidden password
change link within the depths of the company intranet can be such a barrier.
Additionally, organizational measures, such as increasing the usability of appli-
cations, can support information security and lead to greater acceptance. The
acceptance will then increase the compliant behavior of employees. Informa-
tion security awareness is thus an interaction of cognition (understanding of the
problem and the knowledge to solve it), intention to act (will of the employee to
behave in accordance with information security) and the organization [11].

Since the three interactions are not sufficient to define information security
awareness, we derived our own Integrated Behavorial Model (IBM) [22]. Our
IBM is based on the model of [20]. The IBM describes how compliant behavior of
employees is influenced by different factors. Those factors include the knowledge,
salience, habit, attitude, perceived norm, personal agency as well as environmen-
tal constraints. Using an eLP to increase the information security awareness has
to cover the different factors in order to establish a holistic approach.

2.2 Measuring Success and Effectiveness of E-Learning Platforms

The definition of metrics is a prerequisite for measuring the success and
effectiveness of eLPs. The metrics are needed to compare the current state with
the desired target state. Figure 1 shows the IT controlling cycle of [15]: First, a
goal has to be defined - secure behavior of stuff members. Then the metrics for
measuring the goal are identified and defined, target values are set. Subsequently,
the current state is measured and compared with the target state. In an analysis,
conclusions are drawn about actions that are to be implemented to achieve the
goal.

There are mainly two different types of metrics for eLPs: those for success and
those for effectiveness. Metrics that are focusing on success are often derived from
the DeLone and McLean model of information systems success (D&M model)
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Fig. 1. Controlling cycle for secure behavior [15].

[5]. The derived models focus on the satisfaction of learners besides the other
categories. Mainly, because the satisfaction will lead to a better adoption of the
eLP by the learners. Adoption means that the learners accept the eLP as a tool
to acquire knowledge. The adoption will than generate impact on the outcomes
of the e-learning campaign [6,10,16,26]. However, measuring the adoption itself
does not necessarily change the behavior of the learners. The Kirkpatrick Eval-
uation Method describes four levels of learning evaluation [14]. The first level
focuses also on learner’s satisfaction, whereas the other three levels focus on the
results and outcome. Therefore, the Kirkpatrick Evaluation Method can also be
divided into the evaluation of success and effectiveness: Satisfaction is part of
the success measuring, whereas results and outcome are part of the effectiveness
measuring.

The effectiveness of eLPs has to be measured separately to ensure that the
adoption of the eLP leads to an improvement of skills. Noesgaard et al. clus-
tered a total of 92 papers according to the definition of effectiveness described
within those papers [21]. They distinguish between the effectiveness measured
for higher education and for work-related learning. Work-related learning in this
case means, that the learners train their knowledge required to fulfill their work
or required by their organization. Papers targeting the higher education focused
on the learning outcome and compared the grades of e-learners and traditional
learners. Papers focusing on work-related learning always defined the effective-
ness based on the application to practice.

2.3 Measuring Awareness

We proposed our process to determine how aware the employees are in [22].
Before companies can start influencing the behavioral factors of their employees
within the context of an information security awareness campaign, they must
carry out an as-is analysis. The aim of this analysis is to find out how strong
the individual factors are and which emotions or beliefs prevail in the company
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regarding information security-compliant behavior. For example, the employ-
ees could believe that security is not an issue in their case, because they do
not have critical information on their computers. Another example could be
that the security is only overhead for employees so that they are not willing to
act security-compliant. Montaño and Kasprzyk [20] recommend carrying out a
qualitative study in form of interviews. The interviews identify the most salient
problems. 15–20 employees of each target group, that has to participate on the
eLP, should be interviewed to obtain the following information [20]:

– Experiential attitude: What positive or negative emotions exist regarding the
behavior?

– Instrumental attitude: Which positive or negative attributes or outcomes
result from the behavior?

– Normative influencers: Which influential individuals or groups support the
behavior or are against it?

– Control beliefs and self-efficacy expectations: What situational barriers or
supportive factors hinder or support the behavior.

From the findings gathered in the interviews, a questionnaire for a quantita-
tive evaluation can be prepared [13]. A large portion of the employees within the
company should answer it. To compose the questionnaire, the beliefs collected
in the first step are generalized, transformed into questions and assigned to the
four factors knowledge and skills, salience, habit and intention [13]. A question
about the normative beliefs could be: “My manager influences me in my work-
ing with USB flash drives”. A behavioral belief might look like this: “Locking
my screen is unnecessary because I have no important data on my computer.”
Employees respond to a five-point scale ranging from “I disagree” to “I agree” or
similar [19]. It is also possible to query the factors knowledge and skills as well as
habit (e.g., through the “Self-Report Habit Index” [25]). In order to be efficient,
the survey should be computer-aided, and employees should handle it within a
reasonable time (e.g., 15 to 20 min). The computer-aided analysis of the survey
results provides information about the manifestation of the respective behavioral
factors in the company.

3 E-Learning Metrics

Several sources have been reviewed to gather metrics for the success of
eLP. Figure 2 shows the updated D&M model [4,5], which is often derived
by approaches for measuring the success of eLPs. However, there exist also
approaches that are independent of the D&M model. In the following, we will first
analyze the approaches that extend the D&M model. In addition, we examine
independent approaches to define additional metrics. All approaches are working
with questionnaires to obtain the actual values for each metric.

Manisi et al. have produced a literature review summarizing the categories
of the D&M model [17]. [16] and [26] both used the D&M model as a basis
and defined various metrics for all categories. The first category is ‘Intension to
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Fig. 2. Updated D&M model based on [5]

Use/Use’. [17] and [10] mention here that the intention of the user can already
exist before the actual usage. From a student’s point of view, usage also depends
on how useful it appears [7,24]. In this category, [26] measures how often the
eLP is being used, whether it is voluntary and whether the user depends on the
system. [16] additionally measure the intension of the user: Is the eLP useful
and if the user would recommend the eLP to others. In addition, interpersonal
statements are also tested: e.g. Users use the eLP to receive rewards. [6] proposed
an approach independent from the D&M model. They ask the users about future
use.

The next category is ‘User Satisfaction’. The D&M model describes the sat-
isfaction of the user after interacting with the system. In addition, [17] and [24]
explain that the expectations of the user and the usefulness for the core busi-
ness also play a role. [16] and [26] each ask three questions about how satisfied
the user is with the system, its information, and the interaction. Also, [6] ask
questions about the overall satisfaction of the user.

The next category is ‘System Quality’. The quality of the eLP depends on the
quality of its hardware and software [24]. However, reliability, response time and
ease of use are also critical for the System Quality, according to the D&M model.
[16] ask questions to get information about reliability, response time and ease of
use. [26] extend these factors to include personalized information presentation
and attractive features. Moreover, the independent approach of [6] covers the
complexity of the eLP within their survey.

The category ‘Information Quality’ is defined by [10] as the overall qual-
ity of the output of the eLP. According to [7], however, security should also
be taken into account when measuring information quality. Users are asked if
the eLP information is correct, if relevant information is being taught in the
lessons, or if the information is up to date [16]. In addition, [26] checks whether
the information is communicated at the right time and whether the informa-
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tion is understandable enough. The independent approach considers Authentic
Learning, which can be assigned to the category Information Quality [6].

The ‘Service Quality’ category, according to [10], analyzes the effectiveness
and efficiency of the technical support provided to the eLP. This category plays a
very important role in the success of the eLP as technically ineligible users could
be intimidated by the eLP. These users would then, with dislike, use the eLP and
not achieve the desired learning success [23]. In [16], this category is interpreted
a little differently and also checks the response time or whether information is
correct. However, [26] ask questions about online assistance and support. There
is also an analogy in [6] for this category: Technical support.

The last category is ‘Net Benefits’. Here, it should be checked whether the
eLP has really brought any benefit to the user. According to [1] the satisfaction
of the learners plays a central role. Both [26] and [16] ask the user if he can apply
the learned knowledge. In addition, [6] queried the age of the users to determine
if it had an impact on individual impact.

Another approach that does not depend on the D&M model was shown in
[3]. There, both students and staff were interviewed about the eLP. All asked
questions can be classified in one of the categories described above and thus no
additional metrics result.

4 Project Background

With the widespread use of new, digital services, the importance of information
security is increasing. The University of Applied Sciences Würzburg-Schweinfurt
has to protect their infrastructure, privacy data, research data and financial data
against possible attacks. Moreover, a new e-governance law as well as a new data
privacy policy was released. Therefore, our university launched an information
security project to increase the security awareness of employees and students.
Within the project, the university wants to train security-compliant behavior and
to increase the knowledge about security-related topics. To support the project
an eLP was created. The purpose of the eLP is to inform users to security risks,
and to train them such as being able to better recognize phishing mails. As
the creation and management of an eLP requires many resources, the university
wanted to know if learners’ information security awareness really improved.

Since our research project focuses on the human factor and security awareness
in an organizational environment, we are focussing on work-related learning. We
try to improve the security awareness so that the learning outcomes can be
applied to the practice. Therefore, within our project the effectiveness of eLPs
is defined as transfer described by Noesgaard et al. [21]. In order to measure
the application to practice, we have to measure the security awareness before
the e-learning campaign and afterwards. We can than determine the impact of
the eLP on security awareness. However, we have to measure the success of our
eLP also, in order to determine if the learners have used the eLP.
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5 Research Results

In order to determine if the learners’ information security awareness really
improved, we had to answer research question Q1 and evaluate how success and
effectiveness of eLPs is measured. The literature review showed that many uni-
versities and also companies are measuring the success and effectiveness of eLP.
Most of the measurements of success are based on the D&M model or can at least
be derived from it [5]. Even the proposed models that are not directly based on
the D&M model cover related categories with their metrics. All reviewed papers
are using surveys or questionnaires in order to determine the success of their eLP.
Some researchers are even evaluating the success by interviews. However, many
questions rely on the knowledge of the learners, like for example “The informa-
tion provided by eLP is accurate” [16]. In our opinion, the information quality
cannot be measured based on the answers to this questions. A learner who is
new to the topic cannot decide properly whether the information is accurate.

Many researchers use surveys and questionnaires also regarding the effec-
tiveness of eLP. The results are then analyzed and evaluated based on different
definitions for effectiveness. Companies are defining the effectiveness mainly as
the ability to apply the knowledge in practice or transfer of knowledge. Whereas,
universities define effectiveness based on the improved grades of their students
[21]. In our case, we are not interested in grades of the learners since we want
to increase the information security awareness. Therefore, we are defining our
effectiveness as transfer of knowledge. However, the general approach to measure
the success and effectiveness manually per surveys and questionnaires does not
meet our requirements.

Research question Q2 focused on the effectiveness of eLP on information
security awareness. In order to measure the effectiveness on information security
awareness we need to know the current state of our learners. Therefore, we
have to measure the information security awareness of staff and students of
our university, which is itself a challenging task. According to our process in
Sect. 2.3 we first interviewed about 30 employees for the qualitative analysis.
To accomplish the quantitative analysis we run a survey on all our employees
and students. The evaluation of results has to be done manually. In order to
determine the effectiveness of our eLP, we had to repeat this process. Afterwards,
we could determine if the awareness has increased. Nevertheless, a better solution
is required, since we defined the effectiveness as application to practice. Based on
the answers of our learners we could only draw conclusions about the knowledge
but not really about their ability to apply the learned knowledge to practice.

Since measuring the success and the effectiveness manually is a time con-
suming task, we tried to automate the measuring. Therefore, we determined
if the metrics in Sect. 3 are able to be automated for measurement. The first
category ‘Intention to Use/Use’ can be measured automatically. Therefore, the
online times of our learners have to be tracked. However, the intention to use
itself cannot be measured automatically since the users have to be asked about
their intentions. The ‘User Satisfaction’ cannot be measured without assump-
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tions or without asking the users for their satisfaction. An overall rating could
be gathered easily, but no further information about the learners’ expectations.

The ‘System Quality’ which was defined by the reliability, response time and
ease of use can also not be measured automatically. A monitoring system could
send requests to the eLP to measure the response time, but the ease of use has
to be measured by surveys or questionnaires again. The second dimension of
‘System Quality’ focuses on data accuracy and completeness which is also not
possible to measure automatically. In order to measure the ‘Information Quality’
the learner has to be asked to answer all questions concerning the learners’ needs,
understandings and requirements. Moreover, metrics focusing on relevance and
actual information cannot be gathered automatically. ‘Service Quality’ is the
third quality criteria focusing on online assisstance and support. To measure the
satisfaction an overall rating can also be collected automatically. However, for
detailed analysis surveys and questionnaires are required also.

The last category of ‘Net Benefits’ can be measured by measuring the effec-
tiveness of our eLP. An impact during the e-Learning campaign is not expected
and therefore, it is sufficient to measure the impact and effectiveness afterwards.
To sum up, we can answer question Q3 so that an automated measuring of suc-
cess is not sufficient since only few aspects can be measured. The effectiveness
however, can be measured automatically by measuring the information security
awareness before and after the e-Learning campaign. In order to do so, we cre-
ated a prototype for a monitoring tool. The monitoring tool tracks the behavior
of employees and creates anonymous reports within a dashboard.

The prototypical approach was chosen because it helps to formulate the
requirements for an information system more precisely and to prove the tech-
nical feasibility. Basically, it reduces the number of uncertain assumptions in a
software project. Therefore, an explorative prototype was created in the con-
text of our project. The requirements for the prototype were defined within the
exploratory preparatory work. In addition, the privacy of personal data intro-
duced further requirements. The prototype tests the measurability of metrics
and proves the general feasibility of the approach, including data privacy com-
pliance. For this purpose, a client-server application was developed: The server
manages indicators and events that the client has previously collected. The client
collects security-relevant data on the workstations of the employees and sends
them pseudonymous to the server for evaluation and anonymization by grouping.
To enable a pseudonymous login, departmental logins are used. All clients of a
department use the same login for authentication. The larger the departments
are chosen, the higher the degree of anonymity. By configuring a measurement
interval, the metrics are always randomly measured. A complete record of the
activities of a person is thus, for privacy reasons, not possible.

An IT admin can configure the login data. The configuration used for the
survey is initially downloaded from the server. In a pre-defined interval, the
client application now checks to see if thresholds of the active measures have
been exceeded. The server refreshes the list of recent events and increases the
value of non-critical events as a whole. The server includes a dashboard that
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provides a quick overview of the number of critical or non-critical incidents. The
dashboard also shows a temporal course of the incident frequency in the last
week.

The following list summarizes a few of the metrics our prototype can cover:
– The time of inactivity without a locked screen.
– The time interval from receiving an email until opening the attachments.
– The frequency of password changes.
– The installed software. And the installed unauthorized software.
– The amount of external USB devices used.

The combination of metrics can be used to decide whether an event is critical
or not: An installation of disallowed software is more critical if an email attach-
ment was opened before. Moreover, if external USB devices have been connected,
the installation is also more critical.

We decided to only measure the effectiveness of our eLP, since the effective-
ness is the more relevant information to us. Moreover, the effectiveness is part
of the success within the category ‘Net Benefits’. Therefore, we can reduce the
efforts by discontinueing the manual measurements for the success of our eLP.
Hagen et al. described that eLP has to be used repetitive in iterations so that
the learners’ do not forget the security details [8]. The reduced effort is even
more helpful if we run repetitive e-Learning campaigns.

However, we have some limitations with this approach. The measuring of
effectiveness can only be done before and after the e-Learning campaign. If
assumptions about the success should be made, metrics are required, that can be
determined during the campaigns. Another drawback is that, the metrics should
not be used in isolation. A single metric can improve even if the learners did not
use the eLP. Therefore, some usage statistics should be collected to verify that
the eLP is useful.

6 Conclusion and Future Work

Our goal was to measure the success, impact and effectiveness of eLP on infor-
mation security awareness. We evaluated several metrics and determined which
metrics can be measured automatically and which require manual efforts. After-
wards, we decided to only measure the effectiveness and the impact of our eLP.
Therefore, we can use our prototype that gathers random data about the behav-
ior of our learners.

Our next goal is to run repetitive campaigns and check whether the informa-
tion security awareness can be steadily increased. Those repetitive campaigns
will also help to ensure that the knowledge of our learners becomes stable in
the long-term. Moreover, we will run some empirical studies about the impact
of eLPs based on the collected data.

Another goal is to evaluate gamification concepts. We assume that it would
be easier to derive metrics for the success of our eLP based on the gamification
concepts. For example, the character level or the user’s achievements can be
used. Based on those metrics, we can then verify if a successful campaign will
lead to higher impact and effectiveness.
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27. Weber, K., Schütz, A.E.: ISIS12-Hack: Mitarbeitersensibilisierenstatt informieren.
In: Drews, P., Funk, B., Niemeyer, P., Xie, L. (eds.) Multikonferenz Wirtschsinfor-
matik 2018, vol. IV, pp. 1737–1748, Lüneburg, Germany (2018)
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Abstract. Many young people suffer from chronic stress and other issues that
inhibit the functioning and development of the prefrontal cortex, and this also
affects their intrinsic motivation to engage in any activity. In short, unless their
well-being is addressed, they cannot engage effectively. The HIPPOCAMPUS
project aims to address these issues by promoting the well-being of young
people through the practice of a range of techniques derived from yoga. Yuva
Yoga app is part of the approach to support the yoga-based practices with young
people. It is a multiplatform mobile app developed as Backend as a Service both
for Android and iOS. The first public version of the mobile app is part of the
pilots implemented in the schools involved in the project, but there is not a
special focus on the usability of the app. This work presents the heuristic
evaluation of Yuva Yoga for iOS carried out by four experts as part of a major
usability study that combines heuristic techniques, both iOS and Android, and
empirical methods with users. Some problems were detected during the evalu-
ation, but more of the problems have a low priority rating. They are mainly
cosmetic problems that do not need to be fixed unless extra time is available on
the project, or minor usability problems. The results have provided an important
input to develop a new minor version of the mobile app, in order to improve the
user experience in the pilots at schools.

Keywords: Mobile app � Heuristic evaluation � Yoga � Mental health �
Wellbeing � Usability � European project

1 Introduction

Mental health is a key issue facing adolescents across Europe. The CAMHEE Child
and Adolescent Mental Health in Europe report of 2009, stated that one in five children
and adolescents in the EU suffers from developmental, emotional or behavioural
problems, and these data do not take into account those who while not yet exhibiting
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clear mental health issues suffer from chronic stress or anxiety. These issues tend to fall
under the statistical radar but appear to be endemic among today’s young people.

Many young people suffer from chronic stress and other issues that inhibit the
functioning (and indeed the development) of the prefrontal cortex, and this also affects
their intrinsic motivation to engage in any activity. This is a problem that affects all
young people to a greater or lesser degree. Though the family environment can provide
support to help, unfortunately not all family environments do, which makes it especially
important to provide children and young people with approaches to self-management of
stress. Unless their well-being is addressed, they cannot engage effectively.

The HIPPOCAMPUS project (https://hippocampusproject.eu) aims to address these
issues by promoting the well-being of young people through the practice of a range of
techniques derived from yoga. Though the benefits of yoga have been researched
extensively, and in some places, these practices are used with young people, they are
not always accessible to all sectors of society. Disadvantaged young people mainly are
less able to participate, for a variety of financial and other reasons. The Hippocampus
programme, though it is available to all, focuses primarily on the needs and require-
ments of these groups. This project is funded by the Erasmus+ Programme and
coordinated by the GRIAL Research Group of the University of Salamanca (Table 1).

The project has two main outputs. First, a programme to introduce yoga-based
practices in youth contexts such as formal education contexts or associations. On the
other hand, a mobile app both for iOS and Android in order to give yoga teachers a way
to help their students maintain their practice between sessions.

Table 1. Project details

Title Promoting mental health and wellbeing among young people through yoga

Acronym HIPPOCAMPUS
Funding
entity

European Union

Call European Union. Erasmus+ KA2 – cooperation and innovation for good
practices. Strategic partnerships for youth

Reference 2017-2-ES02-KA205-009942
Project
leader

Francisco José García-Peñalvo

Coordinator University of Salamanca (Spain)
Partners Teen yoga foundation (United Kingdom)

IES Venancio Blanco (Spain)
Youth for exchange and understanding international (Belgium)
Oxfam Italia (Italy)
Norges Teknisk-Naturvitenskapelige Universitet (Norway)

Budget 192.914€
Start date 01/10/2017
End date 30/11/2019
Web https://hippocampusproject.eu
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The app, named Yuva Yoga (https://yuvayoga.org), was developed during the first
year of the project. The alpha version was launched in March 2018 in order to be
validated by the project consortium, in which there are several yoga experts, both yoga
teachers and yoga practitioners. The beta version was available in July 2018, and
finally the first public version was available on December 2018. The app is part of the
pilot experiences carry out in different schools involved in the project to test the
programme and use the app to support the yoga-based practices with young people. In
particular, it is part of the last phase in which teachers introduce yoga techniques in
their daily classroom activities.

The pilots have a set of tasks focused on the evaluation of the HIPPOCAMPUS
programme. The evaluation aims to provide empiric data to get a final version flexible
enough to adapt to different contexts, mainly schools, across Europe. Although the app
is considered part of the processes defined in the programme, it is not directly part of
the evaluation methodology. For this reason, there is a need to carry out in parallel an
evaluation focused on usability.

The usability study is carried out after launching the first public versions, both iOS
and Android. The study combines heuristic techniques with experts and empirical
methods with users. This work is focused on the first part of the usability study, the
heuristic evaluation by experts in order to apply the heuristic rules defined by Nielsen
[1]. The results of this evaluation have been used to develop a new minor version to be
tested as part of the second part of the study, to collect empirical evidences.

The work is set out as follow. The second section introduces the multiplatform
mobile app. The third section describes the methodology used to study the system’s
usability. The fourth describes the heuristic evaluation. The sixth section presents the
discussion, and the last section concludes the work with its more significant
contributions.

2 Yuva Yoga App

The HIPPOCAMPUS mobile app is one of the main outputs of the project. The
programme and the app constitute an integral part of the approach proposed in the
project. Although it is possible to introduce yoga practices without technological
support, experience with other similar social software indicates that this helps to
maintain interest and motivation [2–4], and recent research has indicated that it enri-
ches and consolidates the participant’s progress [5, 6]. In this sense, the app is a tool for
supporting the programme and providing opportunities for participants to continue their
practice at home, in addition to the sessions contained in the programme. The app also
provides the resources of the programme, and the reminders continue suggestions for
activities so that the content is regularly refreshed. A particular requirement was to
make the app compatible with different types of devices, taking into account the
heterogeneity of young people, also those in disadvantaged situations. For this reason,
the app was developed for Android, the most popular smartphone operating system
(OS) in the world, and iOS, the second most popular according to the global mobile OS
market share report [7].
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A native development approach was selected, to ensure a certain quality and the
proper functioning of the app. In particular, the development was based on Backend as
a service (BaaS), also known as a Mobile Backend-As-A-Service (MBaas), a service
that provides a way to link applications to backend cloud storage while also providing
features such as user management, push notifications or integration with social net-
working services [8]. There are two client applications with a cloud server that allows
to manage security issues, storage (data and videos), push remote notifications, among
other functionality required to ensure the proper functioning of the app. Figure 1 shows
the main architecture components. Moreover, to support all offline content related to
yoga practices, it was necessary to use local offline databases in client applications. It
has been used Realm (in the Android client) and CoreData (in the iOS client).

Regarding the functionality, it is designed to be used to guide personal yoga
practice with appropriate yoga sessions and activities. On the other hand, it is also
focused on giving teachers, educators and yoga instructors a way to help their students
maintain their practice between sessions. With it, you can recommend appropriate
sequences of yoga activities for students, depending on their needs.

Fig. 1. Architecture based on Backend as a Service model
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The main elements of the app are yoga activities that are postures (asana), medi-
tations, reflections and breath (pranayama). Each activity has a description and a video
without audio in which a yoga expert shows how to do it (Fig. 2a). Inside the app, there
is a catalogue composed of more than 100 yoga activities. Although it is possible to
have access to a single activity, usually they are organized in yoga sessions (Fig. 2b).
The first public version has 15 sessions available. Finally, programs are related to the
project aims, promoting the well-being of young people through the practice of a range
of techniques derived from yoga. A program is a set of sessions to achieve a set of
objectives, such as reduce stress, getting stronger and more relaxed, or waken the body.

The project raised the need to create communication spaces between teens and
(yoga) teachers. In response to this need, the app has transferred the classroom concept
to support the communication of teachers, educators or yoga instructors with young
people. They can create a virtual space for each group of students that they work with
and send them different kind of sessions that they must practice at home depending on
their needs.

Regarding the language, the first public version was only in English while partners
translate the contents and the interface to their languages: French, Italian, Norwegian
and Spanish.

Fig. 2. Example of yoga activity interface (a) and yoga session interface (b). Source:
screenshots from Yuva Yoga app.
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3 Methodology

The heuristic evaluation is a usability engineering method for finding the usability
problems in a user interface design so that they can be attended to as part of an iterative
design process; it involves having a small set of evaluators examine the interface and
judge its compliance with recognized usability principles (the “heuristics”) [1, 9].

In this study, the heuristic evaluation was divided into two phases, one focused on
iOS client and other on Android client. The following sections are dedicated to the
results obtained after analysing the iOS version available in the App Store in January
2019.

3.1 Participants

The heuristic evaluation of iOS client was carried out by four experts, one woman and
three men between 32 to 55 years old. None of the experts had used the Yuva Yoga app
previously due it was available publicly less than one month before carried out the
evaluation. One expert is involved in the HIPPOCAMPUS project, so it can contribute
a different point of view than experts that are not familiar with project aims. One of
them has participated in yoga sessions, one practices sports frequently, and the rest are
sedentary. In addition to these characteristics, the criteria used to select the experts was
based on their professional profiles:

• E1: A web developer, mainly focused on frontend, and researcher with ten years of
experience whose main research line is the development of technological ecosys-
tems for knowledge and learning processes management in heterogeneous contexts.

• E2: A Java developer expert and professor of human-computer interaction through a
human-centred approach with more than 30 years of experience.

• E3: A professor with more than 20 years of experience in teaching and developing
graphical user interfaces, from desktop applications for Linux and Windows to
mobile apps for Android and iOS, with special emphasis on iOS apps during last 8
years.

• E4: A professor and researcher with 20 years of experience in human-computer
interaction, and data visualization in different fields such as cinema and digital
humanities.

Furthermore, all experts understand English and use an iOS smartphone daily.
Although they are not yoga practitioners, this not influence the usability from a
heuristic point of view. The usefulness of the app to practice yoga will be part of the
empirical study with final users.

3.2 Instrumentation

The process to carry out the heuristic evaluation was provided to the experts through an
electronic document accompanied by HIPPOCAMPUS project description and
objectives of the app. A template was provided to the experts in order to get the reports
to perform the heuristic evaluation. The template is composed of three fields to collect
the name of the evaluator, the name of the tool evaluated and the operating system in

An App to Support Yoga Teachers to Implement a Yoga-Based Approach 43



which was carried out the evaluation; and a table with one row per each of the heuristic
rules proposed by Nielsen [1] and two columns to give a value between 1 to 10, and
comment the detected problems or explain the value assigned to the heuristic rule.

3.3 Study Design and Data Collection

The study was developed in three main blocks: preparation, research and evaluation.
Each of these blocks has phases which define different tasks of the heuristic evaluation
carried out in HIPPOCAMPUS project (Fig. 3).

Thus, the first block is preparation. It consisted of the pre-evaluation training. It has
two phases focused on communication between experts and researchers. Only one
expert had information about the project before carrying out the study, so the first phase
was focused on share information about the project and the main scenarios to use the
app. According to Nielsen [1] the evaluators decide on their own how they want to
proceed with evaluating the interface, but in this process, the researchers provided a set
of guidelines and a report template.

Fig. 3. Work phases
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Once the desired information was shared, the second block was conducted. It was
characterized by two phases associated with the evaluation itself. First, each expert
reviewed the app and took notes about the usability problems detected. The heuristic
rules used were those proposed by Nielsen [1]: (1) visibility of system status; (2) match
between system and the real world; (3) user control and freedom; (4) consistency and
standards; (5) error prevention; (6) recognition rather than recall; (7) flexibility and
efficiency of use; (8) aesthetic and minimalist design; (9) helping users to recognize,
diagnose, and recover from errors; (10) help and documentation. Data was collected
through shared documents in Google Drive. During the second phase of this block,
each expert reviewed the problems detected to each heuristic rule and assigned a value
from 1 (major usability problems) to 10 (no usability problems).

This study did not have a phase in which each evaluation estimated the severity
rating for each problem. On the other hand, they provided a global value for each
heuristic and the responsibility to organize how to fix the problems fell in the developer
associated with the project. Although a group analysis of the severity rating can provide
an input to decide which problems should be solved before, in the project, it is not too
much important the severity but the impact to use the app during the pilots.

Finally, in the third phase the heuristic reports were discussed with the developer
and designer in order to organize the development of a set of one or more minor
versions.

4 Heuristic Evaluation

Experts were identified by a number associated with the profiles provided in the
methodology section (E1, E2, E3, E4). Table 2 summarizes the values for each
heuristic rule, where 1 indicates that the expert detected a huge amount of serious
problems and 10 no problems were found. The average of each heuristic was calculated
in order to get a final value for each heuristic, so this value reflect where it is required to
prioritize (Fig. 3).

Experts detected problems associated with all heuristic rules. The heuristics that
presents the worst value is HR4 (Consistency and standards) with 7 points and HR10
(Help and documentation) with 7.5 points. In this sense, 16 usability problems were
detected, most of them are inconsistences related to yoga terms and words used to talk
about the contents. It should be pointed out one of the main problems identified by E1:
“The classroom screens have different design than other parts of the app”. This part was
added to the app before launching the beta version; it is not designed at the same time
than the rest of the app. Also, E3 identified an issue related to the good practices of iOS
interaction, the configuration icon should be always available, not only inside one
screen.

On the other hand, highlight the low values associated to most of the heuristic,
HR8, HR2, HR7, HR3 and HR9, ordered from highest to lowest. All of them are over 9
points and have the lowest number of usability issues detected. Most of these problems
are cosmetic or minor, but there is one major problem identified by E4 “The user can
start and stop sessions at will. It seems there is no possibility to resume an interrupted
session”. This problem also was associated to HR4 by E1.
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Finally, although it has not the worst value, the heuristic HR1 (Visibility of system
status) has associated several usability problems with different severity rating
according to the time needed to solve them. For example, a major problem is that “the
user does not have a notion of the elements of a session. When the cards are piled, there
is no way for the user to understand how many parts of the session have been com-
pleted and how many are remaining” or “it is not possible to control the videos player
inside each activity”; a minor problem, “the visualization of activity stats in the profile
is useful but if you want to know exactly which is the percentage of activities that you
practice is not possible”; and a cosmetic problem, “it is not possible to know if an
activity or session is flag as favorite without entering inside”.

Table 2. Assigned values to each heuristic by each expert

Heuristic rule E1 E2 E3 E4

HR1: Visibility of system status 9 10 6 8
HR2: Match between system and the real world 10 10 9 8
HR3: User control and freedom 10 10 8 8
HR4: Consistency and standards 3 10 8 7
HR5: Error prevention 7 10 10 7
HR6: Recognition rather than recall 9 8 10 7
HR7: Flexibility and efficiency of use 10 10 10 7
HR8: Aesthetic and minimalist design 9 10 10 10
HR9: Help users recognize, diagnose, and recover from errors 10 10 10 6
HR10: Help and documentation 5 10 10 5

Fig. 4. Final value for each heuristic rule
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5 Discussion

Each evaluator identified a set of usability problems, but it is important to highlight
some differences between the evaluation carried out by each expert. Figure 4 shows a
column graph was prepared in order to compare the values proposed by each expert.
First, there are experts that have assigned pretty similar values for some heuristic. This
occurs in HR2, HR7 and HR8, although there was no communication between experts
during the evaluation.

On the other hand, the lower values and the more significant number of problems
were detected by E4, the expert in human-computer interaction and data visualization.
Conversely, E2 - Java developer and expert on human-centred design - discovered the
lower number of usability problems and assigned the highest score.

It is essential to take into account the low score assigned to HR4 (Consistency and
standards) by E1, a researcher and web developer mainly focused on the frontend.
When the average is calculated, the difference disappears, but the new version of the
mobile app should take into account this big difference. Most of the problems are
cosmetic and minor usability issues, it is not required to much time to fix them. This
evaluator is involved in the HIPPOCAMPUS project, so this experience could influ-
ence in the evaluation results.

Finally, there is other important difference between the values assigned by E2 and
E3, and E1 and E4 in the HR10 (Help and documentation). Both experts agreed that
there is not help information associated to the app, such as the meaning of “programs”,
“sessions”, or a frequently asked questions section accessible through the app website
(Fig. 5).

Fig. 5. Distribution of assigned values by usability experts
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According to [10], in some areas, the perception of evaluators in using heuristic
evaluation method is not consistent with the users’ experience with a system. The
problems detected by experts can help to improve the usability of the Yuva Yoga app,
but it is also required to apply an empirical method to get information about the use of
the app by the final users (teachers, yoga instructors, educators and young people).

6 Conclusions

The Yuva Yoga app aims to support teachers and educations to introduce yoga prac-
tices as part of school contexts. This app, available for iOS and Android, helps to keep
yoga going between sessions. It is designed to be used to guide personal yoga practice
with appropriate sessions and activities. Although the app is not associated directly to
any yoga teachers, it is important to practice yoga under the supervision of yoga
teachers. In this sense, yoga teachers can also use the app to help their students
maintain their practice between sessions.

The usability evaluation of Yuva Yoga app combines heuristic techniques with
experts and empirical methods with users. The present work is focused on the heuristic
evaluation of Yuva Yoga for iOS. In particular, four experts were involved in the eval-
uation, all of them with different profiles although most are related to human-computer
interaction field. More experts could be involved to get different perspective, but the
information provided by this study will be completed with the final users’ experience.

Although experts did not provide the severity rating for each usability problem
detected, the low number of problems have been taken into account to develop a new
minor version of the Yuva Yoga app. It is important to highlight that the heuristic
evaluation for iOS has influenced in the Android client, because the functionality is
pretty similar, although interfaces in iOS and Android have differences.

The results of the heuristic evaluation have provided an important input to develop
a new minor version of the app, in order to improve the user experience in the pilots at
schools.
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Abstract. The WYRED ecosystem is a composition of Open Source tools and
the people involved in the project, i.e., partners, stakeholders and young people
between the ages of 7 and 30 years. The main component of this ecosystem is
the WYRED Platform. The WYRED Platform relies on communities, which are
a set of interaction spaces where conversations and research projects are
developed. Every community has a person or persons in charge of its man-
agement, which are the so-called facilitators, and also a set of members, mainly
young people, interacting through discussion threads. The high levels of inter-
action required to accomplish the WYRED Platform’s goals lead to the neces-
sity of ensuring that the system is accepted by its final users. Given this need, a
preliminary study was performed to analyze the usability of the Platform from
the point of view of young people. However, it is also crucial that the ecosystem
meets usability criteria for the facilitators, due to their role of encouraging young
people to participate and serving as a guide in the conversations taking place
within communities, as well as in the research projects developed by the young
people about different topics related to the digital society. Therefore, a usability
study targeting facilitators was carried out to reach insights about how these
users value the system’s usability. This usability study was performed through a
combination of two techniques, a heuristic analysis by experts and the Computer
System Usability Questionnaire to collect the experience of the real users.

Keywords: Digital society � Heuristic evaluation � Usability � European
project � Technological ecosystem � Software ecosystem � Youth

1 Introduction

There are different terms to talk about current society. The term Information Society
emerged after the Industrial Society, where technological development was boosted to
manage the information. Other authors use the Knowledge Society term as an alter-
native by some in academic circles to the Information Society [1]. According to
UNESCO, the two concepts are complementary; Information Society is the building
block for knowledge societies [2]. There is a third term used nowadays, Digital Society,
in order to put relevance on how digital technologies have an impact of digitalization
on today’s society, culture and politics.
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The fast development of digital technologies during the last decades has influenced
in all life aspects of the world population. The communication paradigm has undergone
a major change; people can interact without temporal or spatial dependence; infor-
mation and knowledge are available for most of the people at any time in any place.
The way to do the shopping, watching TV, listening to music or finding a couple has
changed. There are new jobs created by technological advances, such as data engineer,
business intelligence analyst or security management specialist; and other jobs have
evolved, such as delivery services, bankers or taxi drivers.

Although specific forms of technology uptake are highly diverse, a generation is
growing up in an era where digital media are part of the taken-for-granted social and
cultural fabric of learning, play, and social communication [3]. The young have
emerged as a distinct social group, and with it, an understanding that they have a role in
social change, as drivers of new behaviors and understandings [4], but half of them feel
that their concerns are not taken into account.

In this context, WYRED project (https://wyredproject.eu) aims to provide a
framework for research in which children and young people can express and explore
their perspectives and interests concerning digital society, but also a Platform from
which they can communicate their perspectives to other stakeholders effectively
through innovative engagement processes [5]. WYRED [6] is a European project
funded by Horizon2020 programme for three years, from November 2016 to October
2019, in which are involved institutions from Spain, Italy, United Kingdom, Turkey,
Ireland, Belgium, Austria, and Israel.

From a technological point of view, WYRED provides a technological ecosystem
to support the research framework and boost international conversations among young
people from countries directly involved in the project. The ecosystem is composed of a
set of Open Source tools and people involved in the project – partners, stakeholders and
young people between 7 and 30 years –. The main component of the ecosystem in
which the interaction among young people takes place is the WYRED Platform, a
private and secure space in which young people can interact inside communities
focused on different aspects of Digital Society [7]. Each community has a person or
persons in charge of its management, which are the so-called facilitators, and also a set
of members, mainly young people, interacting through discussion threads and creating
research projects.

It is important than the ecosystem and, in particular, the Platform, being accepted
by its final users (young people between 7 and 30 years, facilitators and stakeholders).
Given this need, a preliminary study was performed to analyze the usability of the
Platform from the point of view of young people [8, 9]. This study applied the System
Usability Score [10] after a pilot experience in order to obtain insights about usability
of the WYRED Platform. Some technical problems and usability issues detected by the
participants during the study were solved before carried out the present work.

Although the main users are young people, facilitators have a crucial role in the
ecosystem. They are responsible to engage young people in the international conver-
sations about Digital Society inside the WYRED Platform. Also, they serve as a guide
in the conversations taking place within communities, as well as in the research projects
developed by the young people about different topics related to the Digital Society.
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This work aims to describe the usability study targeting facilitators to reach insights
about how these users value the WYRED Platform usability. This usability study was
performed through a combination of two techniques. First, a heuristic analysis fol-
lowing the heuristics proposed by Nielsen [11] was executed with four experts with
different profiles. This analysis was complemented with the results of the Computer
System Usability Questionnaire (CSUQ) (version 3) [12] to collect the experience of
real users. The combination of both techniques provides a comprehensive status of the
WYRED Platform’s usability, to fix any issue and improve its features and
engagement.

The work is set out as follow. The second section introduces the WYRED Platform.
The third section describes the methodology used to study system’s usability. The
fourth and fifth sections describes the heuristic evaluation and CSUQ results. The sixth
section presents the discussion and the last section concludes the work with its more
significant contributions.

2 The WYRED Platform

The Platform is organized in multicultural and interdisciplinary communities where
young people can share their ideas and opinions about Digital Society and develop
research projects with the support of facilitators from different European institutions
and associations. The communities have different tools: forums to support conversa-
tions and coordinate research projects; a calendar to share dates and organize events or
activities; and a form to give visibility to the research projects. Figure 1 shows a
community example within WYRED Platform.

Fig. 1. Community to talk about influencers across Europe
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One of its main innovations is the strong commitment to user privacy and security;
it is designed as a safe space in which children and young people can express them-
selves freely. Users need an invitation to register within the Platform and children
under 14 years old need parental consent in order to have access after finishing the
registration. Besides, privacy policies are established to ensure the anonymity of young
people, while allow collecting demographic information.

The users with a facilitator role inside a community are their managers, they can
manage user’s roles and subscriptions, moderate the conversations, publish research
projects created by community members, and invite new members to the community
both registered and non-registered users. Moreover, there are users that have the
facilitator role in the whole Platform; these users can create new communities and
invite new users to register in the Platform.

3 Methodology

3.1 Participants

The heuristic evaluation was carried out by four experts, two women and two men
between 25 to 39 years old. Two experts had used the WYRED Platform as facilitators
before analyzing it; the other two had access for two weeks before complete the
analysis. The experts were selected according to their profiles:

• A Ph.D. student whose doctoral dissertation deals with customizable dashboards to
analyze and visualize any kind of data.

• A web developer and researcher with ten years of experience whose main research
line is the development of technological ecosystems for knowledge and learning
processes management in heterogeneous contexts.

• A researcher with more than ten years of experience in multimodal human-
computer interaction.

• A developer and researcher with more than ten years of experience focused on data
visualization in different fields such as digital humanities or sports; and also with
experience in teaching human-computer interaction in a Computer Science degree.

Regarding the second part of the usability study, a subset of facilitators was invited
to answer the CSUQ. There are two profiles of facilitators in the Platform, young
people that are involved in some communities as facilitators in order to coordinate,
moderate and organize research projects; and members of the consortium of the project
that is in charge to involve young people, create communities and manage them.
Although there are more than 40 facilitators of both profiles, only those who used the
Platform in the last six months were invited to answer the questionnaire. Finally, a total
of 30 facilitators were invited to participate in the study and 28 answered the CSUQ.
Most of the participants are female (64.3%), 21.4% are male, 3.6% selected another
gender, and 10.7% decided not to provide this information. Regarding their profiles,
64.29% are young people (under 30 years old according to the European Union), and
35.71% are over 30 years old.
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The WYRED Platform is an online tool so that it can be accessed from different
environments. Most of the participants have used several browsers to access the
Platform (Fig. 2), taken into account this; Chrome is the most used browser (89.29%).
Regarding the device, 10.71% only through a smartphone, 39.29% only access through
a computer, 42.86% used both (smartphone and computer), 3.57% access through
tablet and computer, an finally 3.57% used all.

3.2 Instrumentation

The same template was provided to the experts in order to get the reports to perform the
heuristic evaluation. The template is composed of two fields to collect the name of the
evaluator, the name of the tool evaluated and a table with one row per each of the
heuristic rules proposed by Nielsen [11] and three columns – heuristic rule, points from
1 to 10, and problems detected –.

The chosen tool to measure the usability of the WYRED Platform was the Com-
puter System Usability Questionnaire (CSUQ). This questionnaire is an adaptation of
the Post-Study System Usability Questionnaire (PSSUQ), except that the wording of
the items does not refer to a usability testing situation [13]. There is three versions of
the PSSUQ, the first version had 18 items, the second version was 19 and in the same
version, Lewis found that three items did not contribute to reliability of the scale so the
version 3 has only 16 items [14].

The CSUQ version 3 contents 16 items rated on a 1 to 7 Likert scale (from
“strongly disagree” to “strongly agree”, respectively) and a not applicable (N/A)
option. The PSSUQ and CSUQ were originally designed to assess the perceived user
satisfaction with IT systems; for this study, the term “system” or “computer system”
was replaced by “application”.

In addition to the 16 items of the CSUQ, a set of variables were also collected by
the instrument. First, an open field was provided at the end of the CSUQ to let the users
remark any relevant experience during the use of the Platform. Second, a set of
questions related to the user environment where included: the language used in the

Fig. 2. Browsers used by participants
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Platform, the role of the user, the devices used to access – computer, smartphone, tablet
–, the operating systems – Android, Chrome OS, iOS, Linux, MacOS, Windows –, and
the browsers (Chrome, Edge, Firefox, IE, Safari). Finally, a set of demographic vari-
ables: year of birth, gender, country, and any eye diseases of the user that could affect
the experience.

The CSUQ was implemented using a customized version of LimeSurvey (https://
www.limesurvey.org), an Open Source online statistical survey web application. The
instrument was applied in English, but it is also available in Spanish [15].

3.3 Study Design and Data Collection

The heuristic evaluation was carried out by four experts. All experts had access as
facilitators to the WYRED Platform in order to analyze all screens. Before starting the
evaluation, a brief description of the project and the aim of the WYRED Platform was
provided to the experts.

Each expert navigated through the application several times observing all the
screens and detecting the usability problems. Each expert has assigned a value of 1
(serious problems) to 10 (no problems) to each heuristic and a brief description of the
problems associated in order to justify this value. The heuristic rules used were those
proposed by Nielsen [11]: (1) visibility of system status; (2) match between system and
the real world; (3) user control and freedom; (4) consistency and standards; (5) error
prevention; (6) recognition rather than recall; (7) flexibility and efficiency of use;
(8) aesthetic and minimalist design; (9) helping users to recognize, diagnose, and
recover from errors; (10) help and documentation. Data was collected through shared
documents in Google Drive.

Regarding CSUQ, the participants involved in the study has experience using the
Platform in real scenarios; it was not conducted scenario-based usability tests in a
laboratory environment. To collect the data, a description of the study and the link to
the questionnaire was sent by email to all the participants. Two reminders were sent
before the deadline ended (one month after the first message).

4 Heuristic Evaluation

To show the results of the heuristic evaluation, each expert was identified by a number
(E1, E2, E3, E4). Table 1 summarizes the values for each heuristic rule, where 1
indicates that the expert detected a huge amount of serious problems and 10 no
problems were found. In order to get a final value for each heuristic, the average of
each heuristic rule was calculated (Fig. 3).

Experts detected problems associated with all heuristic rules. The heuristic that
presents the largest number of usability problems was HR4 (Consistency and stan-
dards) with 5.75 points. The lowest values assigned by E2, E3, and E4 are related to
this heuristic; 19 different medium and serious problems were detected. It should be
pointed out one of the main problems identified by E4: “there are two types of roles
with a different set of permission using the same word: facilitator, one that is only
moderator/community manager inside a community, and one that can create
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communities.” Also, E2 has detected a serious problem associated to accessibility
standards, there are several problems related to color contrast in links (yellow over light
grey) and menu (white over blue) according to Web Accessibility Guidelines, the
standard proposed by W3C (https://www.w3.org/WAI/standards-guidelines/wcag/).

On the other hand, highlight the low values associated to help users, HR9 (Help
users recognize, diagnose, and recover from errors) and HR10 (Help and documen-
tation). The WYRED Platform has a help section with videos in English, but the
application is multilingual, so the contents should be provided with subtitles. More-
over, the display of the content is not clear, the screen should be redesigned according
to E1, and E3 indicates that the information is not accessible on demand in text format
and there is not a FAQ to make the doubt resolution more straightforward. Also, there

Table 1. Assigned values to each heuristic by each expert

Heuristic rule E1 E2 E3 E4

HR1: Visibility of system status 9 7 6 8
HR2: Match between system and the real world 9 10 9 7
HR3: User control and freedom 9 7 7 8
HR4: Consistency and standards 7 5 6 5
HR5: Error prevention 8 8 6 6
HR6: Recognition rather than recall 9 7 7 8
HR7: Flexibility and efficiency of use 8 7 7 7
HR8: Aesthetic and minimalist design 7 7 6 7
HR9: Help users recognize, diagnose, and recover from errors 9 7 6 6
HR10: Help and documentation 7 6 6 9

Fig. 3. Final value for each heuristic rule
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is a community for technical support but E2 and E4 comment that it is difficult to find
and use it.

The lowest number of usability problems was detected in HR2 (Match between
system and the real world) with an average of 8.75 points and 6 minor usability
problems, one of them related to the concept facilitator, which needs more explanation
according to E2 and E4. Regarding the other heuristics, most of the issues detected are
minor and medium usability problems, but it is important to highlight several problems
associated with search tools in community and projects sections. These problems were
detected by E1, E2, and E3, although most of them have low priority to fix them, their
combination generates one of the most significant problems. Some of them are:

• “When searching for public projects or communities, there is no straightforward
manner of knowing which filter is currently applied” by E3. Associated to HR1.

• “The layout of the search tools is difficult to understand. The search button appears
before the search field” by E2. Associated to HR4.

• “When searching for public communities, there are no autocompletion options” by
E3. Associated to HR5.

• “It was difficult to find out how to add several tags to the different search bars
shown in the Platform. The user has to manually input a comma after the first
keyword to be able to insert the second one” by E1. Associated to HR7.

The number of problems identified by each expert is small but the combination of
all of them provides an input to improve the WYRED Platform.

5 User Experience

5.1 CSUQ Questionnaire Results

A total of 28 persons answered the CSUQ questionnaire (version 3), which is an
enough sample number for the purpose of this evaluation. The mean and a 95%
confidence interval were computed for each CSUQ item answer, as well as for the
overall and subscales’ scores. The results were compared to the PSSUQ norms (Fig. 4)
as previous studies indicated that the CSUQ and PSSUQ scales are comparable [14].
To properly compare the results, the PSSUQ norms were reversed, as their original
scale indicates that lower values denote higher satisfaction (i.e., 1 means “strongly
agree” and 7, “strongly disagree”). The following results were obtained regarding the
system quality, information quality, interface quality and overall score:

• System quality: 4.87
• Information quality: 5.02
• Interface quality: 4.82
• Overall score: 4.92

To gain better understanding of these overall scores, each item mean value was also
individually analyzed (Fig. 5). This analysis gives hints about the potential causes of
the questionnaire overall results. The detailed results are listed in Table 2.
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The distribution of the given scores can be seen at Fig. 6. The figure shows the
distribution of values of the CSUQ Likert scale. Through this representation it is
possible to understand how the participants rated each item with less granularity.

Finally, as previously mentioned, a set of demographic and technical variables were
collected in addition to the CSUQ items. With this data, the main goal is to check
whether the employed device or software to access the Platform, the language or other
demographic variables were correlated to the finally given CSUQ score.

The Fig. 7 shows the correlation among these variables with the different CSUQ
items; yellow cells represent no correlation and more blue cells represent higher cor-
relation. As presented in this figure, there is no relevant correlation among the
demographic and technical variables and the CSUQ items, except for the birthdate and
the use of the iOS operating system. Younger people and people using the Platform

Fig. 4. Overall results regarding the CSUQ results compared to the PSSUQ norms identified in
[16]. The overlapped lines represent the 95% interval.

Fig. 5. Individual results of each CSUQ items compared to the PSSUQ norms. The overlapped
lines represent the 95% interval.
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through iOS seem to rate better the Platform. However, this correlation is not very
strong (around the 0.3–0.5 interval). Gender has no correlation with the CSUQ items,
as previously demonstrated in [14], as well as the language, device and browser
employed during the experience with the WYRED Platform.

Table 2. Summary of the CSUQ scores for the WYRED Platform (n = 28).

PSSUQ item/scale Mean SD Margin of error Confidence interval (95%)

Item 1 4.71 2.00 0.77 3.94–5.49
Item 2 5.07 1.80 2.05 4.37–5.77
Item 3 4.89 1.95 0.76 4.14–5.65
Item 4 4.75 2.02 0.85 3.90–5.60
Item 5 5.18 1.93 0.75 4.43–5.93
Item 6 4.65 2.26 0.88 3.78–5.53
Item 7 4.86 1.98 0.77 4.09–5.63
Item 8 5.21 1.64 0.64 4.57–5.84
Item 9 5.37 1.67 0.65 4.72–6.02
Item 10 4.81 1.94 0.75 4.06–5.57
Item 11 5.16 1.91 0.74 4.42–5.90
Item 12 4.78 1.78 0.69 4.09–5.47
Item 13 5.04 1.69 0.65 4.38–5.69
Item 14 4.65 1.87 0.73 3.93–5.38
Item 15 4.43 2.08 0.81 3.62–5.24
Item 16 5.07 2.09 0.81 4.26–5.88
SysQual 4.87 1.88 0.73 4.15–5.60
InfoQual 5.02 1.62 0.63 4.39–5.64
IntQual 4.82 1.84 0.71 4.10–5.53
Overall 4.92 1.73 0.67 4.25–5.59

Fig. 6. Distribution of individual Likert values regarding each CSUQ item.
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These analyses can be consulted in detain at https://github.com/AndVazquez/
wyred-csuq-analysis [17].

6 Discussion

The heuristic evaluation provides a set of potential usability issues. The problems
detected can affect the WYRED Platform usability, but sometimes these problems are
different from those found by final users of the system. There are some studies focused
on what problems detected by usability experts are experienced by users in their
interaction with the system. According to Khajouei, Ameri and Jahani [18], in some
areas, the perception of evaluators in using this method is not consistent with the users’
experience with a system.

The results of the heuristic evaluation are useful to improve the WYRED Platform,
but the results from the CSUQ questionnaire are required to get a full overview of the
usability of the Platform. The usability issues detected by each expert are a small
number of the existed usability problems, for this reason, several experts with different
profiles were involved in the study.

Some of the identified problems were also detected by the users, not through the
CSUQ questionnaire, but through informal comments provided during the activities
that take place inside the WYRED Platform. In this sense, the priority to fix the
problems will be defined according to final users, although the experts’ opinion will be
taken into account.

Regarding the user experience, one of the identified potential issues of the CSUQ
questionnaire is the positive nature of the items’ statements. The tone of every item
elicits agreement (in contrast with the SUS questionnaire, in which positive items are

Fig. 7. Heat map showing the correlation among different variables. (Color figure online)
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intertwined with negative items [10, 19]), making the answering process more easy, but
also being vulnerable to response bias, especially, acquiescence bias [20]. However,
there were no evidence of response styles in the PSSUQ data [21], which is almost
identical to the CSUQ items, only modifying the wording of the items given its non-lab
nature [13].

The obtained results, compared to the PSSUQ norms, show acceptable values,
although lower than the references. However, as indicated in [16], these norms are not
specially suitable for direct assessment, given the fact that the data came from “a
variety of sources that included different types of products at different stages of
development and the performance of different types of tasks using systems that were
available from the mid-1990s through the early 2000s”. Nevertheless, the PSSUQ
norms provide a useful reference to compare the obtained scores, and to reach insights
about potential weaknesses of the tested Platform.

On the other hand, as presented in Fig. 3, taking as a neutral reference the 4 value,
the CSUQ questionnaire responses are mostly positive.

The information quality items are the best-rated items, being even slightly higher
than the norms above [16]. These results are directly related to the low number of
usability issues associated with the appropriate feedback provided to the users (HR1),
the use of real-world conventions such as communities or conversations (HR2), the
clear support to undo and redo actions inside the Platform (HR3) and the instructions
provided to use the tools (HR6).

The weakest values of the CSUQ questionnaire are related to items 14 (“I like using
the interface of this application”) and 15 (“This application has all the functions and
capabilities I expect it to have”). The potential cause of these lower ratings is the fact
that the Platform is still in development, explaining the lack of capabilities and
interface maturity. Moreover, usability experts identified several problems associated
with these items, in particular, the most significant number of usability issues are
associated with the heuristic rule focused on consistency and standards (HR4). Also,
during the heuristic evaluation, experts detected several problems related to the layout
and the interface elements related to communities. Most of the activity inside the
Platform takes place in the communities, so the problems associated with HR8 (Aes-
thetic and minimalist design) could be a potential cause of these lower ratings in the
CSUQ.

No strong correlations were found regarding the employed devices or technologies
to test the Platform, as well as regarding other demographic values. Only the birth date
variable showed that younger people tend to rate better the Platform.

7 Conclusions

A usability evaluation of the WYRED Platform has been executed through two dif-
ferent methods. First, a heuristic evaluation was performed with four experts involved.
To complete this information, an evaluation of the Platform using the CSUQ ques-
tionnaire was also performed to gain insights about the users’ perceived usability of the
system.
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Having these two points of view of the Platform’s usability helped to identify
weaknesses of the WYRED interface and interaction methods by comparing them
against a set of accepted usability principles (in this case, the Nielsen’s Heuristics were
chosen), and to identify usability-related issues from the users’ perspective by asking a
sample to complete the CSUQ questionnaire.

The experts involved in the heuristic evaluation were selected according to their
problems in order to get different perspective although all of them has experience with
usability issues. Each expert identified a small number of usability issues, but the
combination of the results provides relevant information to develop a new version of
the WYRED Platform in order to solve the different identified problems and provide a
stable final version. It would be interesting to assess this new version through a user
testing and a second heuristic evaluation.
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Abstract. The study discussed in this paper had two principal objectives. The
first objective was to stimulate engagement of participants in a virtual learning
environment through the invitation to write an application essay on their
motivation to be part of the learning experience. This first experience presented
a positive reaction in terms of participation in a Massive Open Online Course
(MOOCs). The second objective within a subset of the participants in the study
was to evaluate the importance of using visual learning analytics to improve and
enhance interaction in learning ecosystems, where the participant plays a main
role and a visual aid could provide to the teachers different mental models and
early alerts related to change of patterns or really low participation. For this, the
work presents an analysis of the interaction developed between students and
tutors in several types of forums implemented in a virtual course: presentation,
doubts, debate, reflection, analysis. Finally, authors performed a comparative
study using data and results gathered over two editions in an A/B testing con-
figuration. The results in this study provide evidence that despite the inherent
openness behind MOOCs, participants should be encouraged to have a com-
mitment to finish the courses and the standalone discussion forums will not be
the only element to consider. In fact the Social Network Analysis will play an
important role in a learning ecosystem.

Keywords: Interaction analysis � Engagement � Learning ecosystem

1 Introduction

Interaction is nowadays a cornerstone aspect for knowledge acquisition and a revulsive
that constantly creates a sense of engagement within a learning ecosystem. The dis-
cussion forums in virtual courses are well known activities that strategically planned,
can generate spaces for the construction of knowledge and if they are supported by
tools that allow the monitoring, measurement, collection, analysis, and visualization of
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interactions between students and tutors, thus then can provide inputs for the peda-
gogical reorientation of the teaching and learning action. It is important to mention that
Learning Analytics (LA) is highlighting as an emerging discipline, used in educational
research, which makes use of technologies to understand the digital contexts in which
learning takes place and is being used to provide pertinent information to improve the
teaching and learning process. In this sense, virtual tutors can benefit from the appli-
cation of LA to know the interactions that are being developed when they propose a
forum for the presentation of the participants, discussion, reflection or debate of ideas.
In this sense, the authors in [1] presents that there is strong evidence that in well-
structured activities, knowledge-building processes reach higher levels of critical
thinking, where students are able to establish and sustain cohesive groups. This justifies
the need for a broader Social Network Analysis (SNA), taking into account the dis-
cussion forums as the first kind of social interaction activity that is evolving into
external tools as the different social networks applications available today. For this
there is a need to have tools that are capable of providing real-time analysis for tutors
and teachers from different external tools.

In this sense, it is worth mentioning that both concepts of Visual Learning Ana-
lytics and Social Network Analysis are key factors to the success in Learning
Ecosystems. Learning Ecosystems are known as a complex group of elements that
interact and coexist with each other to enhance the teaching and learning process with
the help of technology. The factor related to interaction is quite important based on the
fact that the main actor will be the student. In [2], the authors emphasize that the human
factor has a main role in the definition and development of the whole process inside a
learning ecosystem and should be taken into account constantly in order to engage the
participants in each of the learning activities.

This work presents a study that was carried out at the Faculty of Humanities,
University of San Carlos at Guatemala. The purpose of this study is twofold. On the
one hand the aim was to stimulate engagement of participants in a virtual learning
environment through the invitation to write an application essay on their motivation to
be part of the learning experience. This first experience presented a positive reaction in
terms of participation in a Massive Open Online Course (MOOCs). The second
objective within a subset of the participants in the study was to evaluate the importance
of using visual learning analytics to improve and enhance interaction in learning
ecosystems. For this, the work presents an analysis of the interaction developed
between students and tutors in several types of forums implemented in a virtual course:
presentation, doubts, debate, reflection, analysis.

This work is organized as follows: In Sect. 2 the related works on Learning
Ecosystems and Visual Learning Analytics are presented. Next, Sect. 3 describes the
experience, then Sect. 4 shows the most significant results that are complemented with
a discussion and analysis. Finally, Sect. 5 presents the general conclusions and some
proposals for future work.
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2 Related Work

Learning Ecosystems are known as a complex group of elements that interact and
coexist with each other to enhance the teaching and learning process with the help of
technology. The factor related to interaction is quite important based on the fact that the
main actor will be the student. In [2], the authors emphasize that the human factor has a
main role in the definition and development of the whole process inside a learning
ecosystem and should be taken into account constantly in order to engage the partic-
ipants in each of the learning activities. Additionally, authors in literature [3] defined a
learning ecosystem metamodel as a platform-independent model to define learning
ecosystems based on an architectural pattern [4, 5].

Among the different components of a Learning Ecosystems it is important to
mention the process related to Learning Analytics (LA). In a broader sense, one of the
leading institutions in the field of Learning Analytics (LA) is the Society for Learning
Analytics Research - SoLAR - which since 2011 is organizing events to disseminate
scientific research related to the field of engineering and education in subjects related to
LA and knowledge. In 2015, the 5th International Conference on Analysis and
Knowledge of Learning (LAK 2015) was held. Nested to this event, the First Inter-
national Workshop on Visual Aspects of Learning Analytics was organized in which a
series of questions were discussed and analyzed in an interactive way, such as: What
type of data are being visualized? What tools were used to clean up the data (if any)?
Who are the visualizations for (student, teacher, manager, researcher, other)? How are
the data visualized? What interaction techniques are applied? What tools, are libraries,
data formats are being used for technical implementations? What workflow and what
strategies are used to develop visualization? These questions represents and active
research topic nowadays to provide dashboards and useful representations for the
teachers to make decisions and improve the interaction among the participants. In this
sense it is possible to affirm that Learning Analytics tools are key players in any
learning ecosystem to provide valuable information to decision makers.

The term Learning Analytics has been discussed by several researchers; Siemens
expresses that it is the use of intelligent data, data produced by the student and analysis
models to discover information and social connections, and to predict and advise on
learning [6]; Ferguson considers that LA is the use of Big Data to provide actionable
intelligence for students and teachers [7] and Pardo et al. indicates that the LA allows
tracking the fingerprints generated in virtual environments to develop practical rec-
ommendations that can support student learning [8]. The Society for Learning Ana-
lytics Research (SOLAR) at the first International Conference on Learning Analytics
and Knowledge (LAK-11) concluded that LA can be considered as the measurement,
collection, analysis and reporting of data about learners and their contexts in order to
understand and optimize learning and the environments in which it occurs [9]. Also in
the Horizon Report in 2016, LA was defined as an educational web analytics appli-
cation aimed at a learner profile, a process of collecting and analyzing data on the
individual interaction of learners with online learning activities [10].

It is evident from literature that in summary Learning Analytics aim to improve the
learning processes that are developed in contexts mediated by technology, empowering
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pedagogical interventions in order to measure, compile, analyze and understand the
actions of the tutor and student in their contexts. In other words, LA are based in a
systematic process that makes use of digital learning registers to determine the
pedagogical and didactic actions required in educational contexts and thus improve
learning [11].

Authors in [1] present a model of analysis of educational data based on visual
analytics, learning analytics and academic analytics. By means of a system called
VeLA that allows analysis of exploratory and confirmatory data, in interaction with the
information obtained from a typical learning management system and present them
through different graphs. In the scope of a Learning Ecosystem, LA represented by
dashboards or visual aids to the stakeholders enhance the overall learning experience.
Additionally, authors in [1] highlight that the goal of this techniques is to help users
discover unexpected and surprising anomalies, changes in patterns and relationships
that are then evaluated to develop new ideas. Overall these visual features make it
possible to obtain a mental model of complex data and new knowledge [1].

Considered as a branch of learning analytics, social network analysis is the actual
procedure allowing the researchers to study interactions and relations between indi-
viduals in a social network [12]. Despite the importance of SNA in learning envi-
ronments, authors emphasize [12] that there is a clear lack of this feature in most of the
current Virtual Learning Environments that make part of a Learning Ecosystem.
Related to social networks it is possible to identify the discussion forums in the virtual
courses as key elements that are activities that strategically planned can generate spaces
for the construction of knowledge and supported by tools that allow the monitoring,
measurement, collection, analysis, and visualization of interactions between students
and tutors. Forums can provide inputs for the pedagogical reorientation of the tutorial
action. Authors in literature describe interesting experiences using LA to identify the
influence of leadership on the academic performance of work teams [13], perfectly
applied to the scenario of forums. Authors also presented a Comprehensive Training
Model of the Teamwork Competence with positive findings [14, 15]. In this sense,
virtual tutors can benefit from the application of LA to know the interactions that
develop when they propose a forum for the presentation, discussion, reflection and
debate of ideas.

In terms of engagement, authors [16] have proposed several strategies to create a
sense of belonging and motivation to take part of Massive Open Online Courses
(MOOCs), that in the last year are being part of a complex Learning Ecosystem with
high drop-out rates and a beginning work to be accessible to all [17, 18].

Within the described works it can be valued that systems and tools have been
created for the application of LA in virtual courses learning activities; complex systems
supported in the mining of educational data and tools that can be considered com-
plements of existing educational platforms. In addition, it can be determined that these
tools can facilitate the work of the virtual tutor in terms of his pedagogical intervention,
providing information to be visualized and analyzed in a timely manner.
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3 Experience Description

Virtual Learning Environments, have opened new possibilities for the collection of
digital records of learning through user interactions in environments, forums, resources,
activities, content, among others. In formal online learning contexts, it is well known
that the interaction, participation, social exchange and discourse-based knowledge
building processes occur essentially in the course forums as the main communication
system [19].

There are many advantages to using forums in a virtual course, but one of them is
that it is a resource that provides a space for constant feedback from a group as
knowledge is exchanged. Unlike an individualized task, forums constitute opportunities
for the development of critical thinking through collaborative learning [19]. It is worth
to notice the work of Salmon [20] describing a five-stage model for a structured
framework that gradually constructs on participants’ previous experience. In the dif-
ferent stages the tutor makes use of different activities and tools to guide the student to
achieve the learning objectives. It is possible to mention the following stages [20]:
Access and motivation, online socialization, information exchange, knowledge con-
struction and development. In this sense, it is important to mention that the social
interaction plays a worthwhile role in the whole process in a learning ecosystem.

Thinking about the first stage: “Access and motivation”, the scenario that the
Massive Open Online Courses is presenting nowadays represents high drop-out rates
and some strategies should be prepared to overcome this issue. For this, the first
objective of this work envisages to ask to the students a motivation essay in order to be
enrolled in the course. This experience will compare the results from two groups.

The Learning Analytics applied to the forums makes it possible to identify the
interactions that occur in a virtual course [19], the frequency of participation, as well as
to detect patterns associated with social exchange and knowledge management. These
digital learning records can be obtained with the use of LA tools focused on data
visualization.

The purpose of the second part of the study was to analyze the interaction devel-
oped between students and tutors in the types of forums implemented in a virtual course
and for this purpose, the Forum Graph tool was applied, which allowed innovation
through visualizations and highlighted situations to be improved in virtual tutoring.

As mentioned above, the application of LA tools in virtual course forums can
provide relevant information for pedagogical moderation and intervention and peer
participation. To carry out the study, two virtual courses were selected, implemented in
the Virtual Learning Environment and structured in five learning modules that were
developed during five weeks. Each course was prepared with learning content and
presented three discussion spaces: technical forum, social forum and academic forums.
For this experience Forum Graph was applied as a Learning Analytics - LA - tool for
the visualization of intervention actions from the participants.

The research method used was formulated under a quasi-experimental design;
because it allowed observing the variables and describing them as they are presented in
their natural, cross-sectional environment; because it was done in a certain time and
space, with a mixed approach; because digital records of learning were obtained from
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the Virtual Learning Environment where qualitative and quantitative information was
retrieved from the educational event through the forums, and with a descriptive scope;
because it allowed describing the context and situations based on the application of LA
tools in the types of forums used in the virtual course. On the other hand there was a
descriptive scope; because it allowed describing the context and situations based on the
application of LA tools in the types of forums used in virtual courses. The process was
carried out through six phases: preparation, design, development, analysis, intervention
and evaluation, based on the principles of the ADDIE Instructional Design Model [21].

For this experience, regarding the typology of forums, forums have been developed
for presentation, doubts, debate, reflection, analysis, cafeteria, etc. [22]. Table 1 pre-
sents the classification of forums in three types: Technical, Social and Academic.

The process was carried out through six phases: preparation, design, development,
analysis, intervention and evaluation, based on the principles of the ADDIE Model [21]
as follows:

Preparation: A review of the internal and external tools of the Virtual Learning
Environment to apply Learning Analytics in the forums was carried out, as well as the
course planning, the determination of the moments for the development of forums, the
bases for the call and the registration form.

Design: In this phase the authors worked on the instructional design of the course, the
writing of the forums, the prototyping, graphic elements, multimedia and interactive
resources. An initial training was also given to all interested parties who had pre-
enrolled in the course, on the use of the educational platform and forms of
communication.

Development: With the design of the elements of the course the authors proceeded to
the implementation and evaluation of the activities and educational resources in the
environment, as well as to the configuration and installation of the plugin selected for
the application, in this case Forum Graph. In this phase the course started.

Analysis: After each week of the course, the Forum Graph tool was applied to visu-
alize the interventions of the participants in the support forum, social forum and aca-
demic forums. After having the graphs of the forums, the authors proceeded to identify

Table 1. Virtual forums classification

Classification Characterization Purpose

Technical
forum

Support and
maintenance

Report technical problems

Social forum Coffee shop Exchanging ideas outside the course – Off-
topic

Academic
forum

QA Share doubts about the proposed activities
Debate Discuss an idea
Reflection Reflect on theories or events
Resolution Raising a solution to a case or problem
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the nodes [23] where the participation took place and to detect the participants with
little participation, for decision making.

Intervention: After analyzing the graphics of the forums, the next phase was to make
pedagogical interventions through external tools to mediate learning and motivate the
participants, in addition some academic forums were adapted to achieve greater
interaction.

Evaluation: Finally, in the last week of the experience, the tutors proceeded to verify
the trajectory in the participation of the forums and the identification of the forums with
greater participation and pedagogical intervention.

4 Results and Discussion

For the first part of the study an A/B testing process was conducted. The course related
to soft skills with a focus on technology was open for enrollment. A first phase with a
regular enrollment was conducted and then for the second phase the students had to
write a short essay expressing the intention and interest to take the course as well as the
motivation and time that they will devote to the course.

Using the data of the two phases, information related to the following variables was
compiled for each learning experience:

• EP Enrolled participants: indicates the number of participants registered for the
learning experience.

• P0 Students that never logged in: indicates the number of the enrolled participants
that did not visit the virtual learning environment to begin with the learning
experience.

• P1 Students with more than one log in: indicates the number of participants that
started the online training course.

• P2 Active students with at least one learning activity submitted.
• P3 Active students that completed half of the learning experience.
• AP Total of approved students.

Another set of variables was defined based on the above data sets in order to have rates
for comparisons between groups and to expand the scope of the study:

• P1vEP: This variable indicates the relation expressed from the number of enrolled
participants and the number of participants with more than one login. This rate
indicate the amount of participants that really started with the learning experience.
The aim of this rate is to have rough estimate of real participation in order to have a
better resources planning and to encourage student’s commitment.

• APvP1: This variable indicates the relation expressed from the number of partici-
pants that finished and approved the learning experience divided by the number of
students that started with the learning experience.

• APvP2: This variable indicates the relation expressed from the number of partici-
pants that finished and approved the learning experience divided by the number of
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students with at least one learning activity completed. In MOOC experiences,
authors in literature affirm that a group of students enroll to a course for curiosity
reasons and to have a sneak-peek of the learning contents but they do not have the
intention to complete the course. The aim of this rate is to identify sustained
engagement from students, based on the completion of at least one learning activity.

• APvP3: This variable indicates the relation expressed from the number of partici-
pants that finished and approved the learning experience divided by the number of
students that completed half of the learning experience.

The identified variables are: P1vEP (rate between students with more than one login
and enrolled participants); APvP1 (rate between total of approved and students with
more than one login); APvP2 (rate between total of approved and students with at least
one activity); APvP3 (rate between total of approved and students that completed half
of the training).

From the comparison presented in Table 2, specifically from the P1vEP rate, it is
interesting that in average, 13.9% of the participants never started the course. On the
other hand, it is really positive that the approval rate of students that completed half of
the training is 61.9%. Overall, the approval rate of the first experience was 19.20%.

Comparison rate between identified variables is presented Table 3 this group rep-
resented the students that completed an essay to be enrolled in the course showing a
positive increase in the amount of students that finished and approved the course.
Finally students had different opportunities to provide additional feedback about their

Table 2. Comparison between identified variables for the first experience

Country/Edition EP P0 P1 P2 P3 AP 

Guatemala 401 55 346 218 117 77 

Edition P1vEP APvP1 APvP2 APvP3 

Guatemala 86% 22% 35% 62% 

Table 3. Comparison between identified variables for both learning experience

Edition P1vEP APvP1 APvP2 APvP3

Second group (experimental) 94% 56% 61% 69%
First group (control) 86% 22% 35% 62%
Difference +8 +34 +26 +7

An Experience Making use of Learning Analytics Techniques 71



perceptions and attitude towards the learning experience. In the anonymous survey
there was an open question in which students were asked to provide any comment or
suggestion. In general we get numerous positive responses.

The second part of the study was conducted by students from the Faculty of
Humanities who represented twenty cities in the country of Guatemala: Sololá, Gua-
temala, Petén, Sacatepéquez, Alta Verapaz, Baja Verapaz, Jutiapa, Jalapa, Retalhuleu
and Chiquimula. This was a subset of the second group of participants.

The total number of participants in this particular experience were 55. The group of
participants was made up of 76% women and 24% men, ranging in age from 18 to 25
years (17%), 26 to 35 years (52%), 36–45 years (25%) and 46–55 years (6%), who
voluntarily decided to participate in the course. The moderation of the course was led
by five virtual tutors.

For the Technical Forums developed to raise and resolve doubts related to the use
of the platform the Forum Graph presented single node answers. Figure 1 presents the
visual analysis from the Learning Analytics tool showing the participation of the tutors
as an active player solving particular questions. In this forum the presence of singular
nodes is shown and it is evident that there was no need of a further discussion related to
the technical support.

The Social Forums, representing the online socialization phase was depicted as a
Coffee Shop forum developed to generate a space for free dialogue and the creation of
social links among the participants.

Figure 2 presents a visual representation of the active interaction among
participants. In this experience more than 80% of the participants took part of the
social threads. It is worth noting that the independent comments are also considered
as significant contributions within the forum, however, not with the expected
transcendence.

The academic forums developed to raise doubts, debate, reflect and give solution to
a particular case presented a high volume of participation throughout the course.

Figure 3(a) shows a degree graph indicating that half of the participants in the
course raised doubts about a topic during the course. The interaction between the
participants is interesting because they were collaboratively helping each other. The
graph shows the number of participants and the diameter of each node is proportional
to the number of interventions. In this case the central node represents the leadership of
the tutor in front of the statements made by the students.

Figure 3(b) shows the participation of more than 85% of the learners who answered
the question presented by a tutor, it is possible to identify the horizontal interaction and
debate from the students with other participants generating communication nodes.
Figure 4(a) shows the participation of the 100% of the participants given that it was an
assessment to contribute their opinion. Finally, Fig. 4(b) shows the active participation
of the students. It is also visualized that the participation of tutors is lower than in
previous forums all based on the type of learning activity designed.
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Fig. 2. Visual representation of social forum

Fig. 3. (a) Visual representation QA forums (b) Discussion forum representation

Fig. 1. Visual analytics of technical forum

An Experience Making use of Learning Analytics Techniques 73



The tutors of the courses expressed a positive evaluation on the importance of
having the visual aid to help them to make smart decisions to reintroduce learners with
troubles and have a daily screenshot of the status of the course.

5 Conclusions and Future Work

The study discussed in this paper had two principal objectives. The first objective was to
stimulate engagement of participants in a virtual learning environment through the
invitation to write an application essay on their motivation to be part of the learning
experience. This first experience presented a positive reaction in terms of participation in
a Massive Open Online Course (MOOCs). The second objective within a subset of the
participants in the study was to evaluate the importance of using visual learning ana-
lytics to improve and enhance interaction in learning ecosystems, where the participant
plays a main role and a visual aid could provide to the teachers different mental models
and early alerts related to change of patterns or really low participation. It can be
concluded that the experience of innovation applying Learning Analytics in forums was
satisfactory, it allowed to identify that the academic forums - reflexive, the social forums
and the academic - resolutive forums, were the ones that developed greater participation
in the students of the virtual course. It is pertinent to mention that the intervention of the
tutors was demonstrated more in the forums of doubts than in the others; therefore, as a
future work an investigation related to the competences that the virtual tutors must
possess to carry out a work of follow-up and appropriate moderation in a virtual course
can be raised. The use of LA tools applied to forums that are developed in virtual courses
can highlight the interventions of students and tutors in different learning scenarios.

The results in this study provide evidence that despite the inherent openness behind
MOOCs, participants should be encouraged to have a commitment to finish the courses
and the standalone discussion forums will not be the only element to consider. In fact
the Social Network Analysis will play an important role in a learning ecosystem.

The future work envisages the inclusion of a strong component based on different
social network tools, not only discussion forums.

Fig. 4. (a) Thoughtfulness forums (b) Representation resolution forums
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User-Centered Research and Design
of a K-5 Digital Literacy Curriculum
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Abstract. A research team engaged in a user-centered research and develop-
ment approach to the creation of “Professor Garfield’s 21st Century Literacy
Curriculum,” a comprehensive, web-based tool for K-5 teachers. This process
consisted of a four-phase approach that included thorough exploration of the
state-of-the-art in digital literacy tools, a survey of K-5 teachers designed to
understand their technology use and perceptions of digital literacy, design
thinking and empathy research with more than 30 K-5 teachers, and summative
user experience testing with teachers from across the country. This approach
illuminated key requirements for an interactive system that supports digital
literacy instruction, as well as the primary factors that motivate teachers to adopt
new online teaching tools.

Keywords: Digital literacy � User-centered design � E-learning

1 Introduction

Although K-5 students have more access to technology than ever before, few resources
exist that provide teachers with a clear definition of digital literacy, help them
understand how to integrate digital literacy instruction in their classrooms, and allow
them to easily and effectively build digital literacy lesson plans for their students. As
such, digital literacy pedagogy is still relatively undefined and inconsistently executed.
This is largely due to barriers teachers face in integrating technology in the classroom,
including their personal comfort and skill with technology [3], access to professional
development associated with technology use [1], and skepticism about the effectiveness
of technology in the classroom [7]. Although 90% of American teachers recognize the
importance of digital literacy instruction, more than half feel underprepared to imple-
ment it in the classroom [12].

A number of online teaching and learning tools exist that offer standards-based
online curriculum [11] or digital literacy lesson plans, activities, games, and videos [5].
However, these tools often fail to provide a comprehensive approach to instruction that
recognizes the complex path to digital literacy. Instead, they often focus on one or two
components of digital literacy, such as using the Internet or e-safety or finding credible
information online. Others fail to address digital literacy at all, assuming instead that
the mere act of using the Internet is enough to effectively engage today’s “digital
natives.” Moreover, most existing web- or app-based tools fail to provide teachers with
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support for effectively implementing them in the K-5 curriculum [8]. As a result,
students and teachers alike are left dramatically underserved.

This paper describes, discusses, and illustrates a user-centered research and
development approach to “Professor Garfield’s 21st Century Literacy Curriculum,” a
web-based tool created at Ball State University in collaboration with the Professor
Garfield Foundation. This novel curriculum is presented as a comprehensive, web-
based tool that provides K-5 teachers with (1) content to advance their conceptual
understanding of digital literacy; (2) customizable, standards-based, grade-appropriate
digital literacy exercises for young learners; (3) lesson plans and supplemental
instructional materials; (4) a learning management system that allows teachers to track
students’ progress toward digital literacy; and (5) a dashboard on which teachers can
create and design their own digital literacy lessons.

2 Background

In the late 1990s, Garfield creator Jim Davis began to think about how Garfield’s
history as a proponent of early childhood literacy might translate in the digital world.
Davis soon came upon the idea of the Professor Garfield learning portal and the
Professor Garfield Foundation (PGF), a non-profit educational collaboration between
Paws, Inc. (the global headquarters for Garfield the Cat) and Ball State University in
Muncie, Indiana. Launched in 2004, this collaboration led to the development of
professorgarfield.com, a nationally recognized leader in innovative digital learning
content with a primary emphasis on children’s literacy and creative expression.

However, the national dialog about literacy education has evolved to include the
successful use of digital tools for meaning making in online and digital environments.
Thus, PGF has begun to explore how the Professor Garfield website might effectively
reach beyond traditional notions of literacy by fostering literacy skills central to a
learner’s success in the digital age.

It is also important to note that although today’s students have grown up with
technology, digital literacy is not innate. Those skills must be taught incrementally over
time through age- and grade-level appropriate methods, just like other subjects. In this
context, being digitally literate is the ability to make and share meaning in different
modes and formats; to create, collaborate, and communicate effectively in digital
environments; and to understand how and when digital technologies can best support
these processes [6].

However, research shows that although most teachers understand that technology
integration is important to student success, more than half do not feel prepared to use
technology in their classrooms. According to Samsung VP Ted Brodheim, “With the
increasing popularity of Chromebooks, tablets, interactive whiteboards and apps in
classrooms today, it’s evident that technology is a critical tool for today’s learners.
However, our new research highlights that teachers are not yet receiving full support to
harness the power of technology and truly transform classroom learning into a 21st

century experience” [12].
Thus, the Center for Emerging Media Design & Development at Ball State

University partnered with PGF to develop a novel set of online learning tools to support
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K-5 teachers and students in their digital literacy efforts. “Professor Garfield’s Digital
Literacy Curriculum” is grounded in a framework [6] that emphasizes eight key
components of digital literacy: functional meaning making, creativity, critical thinking,
cultural and social understanding, collaboration, finding and selecting information,
effective communication, and e-safety. Moreover, a user-centered approach to the
project design identified key requirements to ensure that the Professor Garfield site
meets the functional and practical needs of K-5 teachers.

3 Project Design

The development of “Professor Garfield’s 21st Century Literacy Curriculum” was
based on a four-phase process that included (1) a thorough exploration of the state-of-
the-art in digital literacy instructional tools and extant literature related to digital lit-
eracy education, (2) a survey of K-5 teachers designed to understand their perceptions
of digital literacy and technology use in the classroom, (3) design thinking and empathy
research with teachers in two states, and (4) summative user experience testing with
teachers from across the country. This user-centered approach allowed us to better
understand key requirements for an interactive system that supports digital literacy
instruction, as well as the primary factors that motivate teachers to use new web- or
app-based teaching and learning tools.

3.1 State-of-the-Art and Extant Literature

In an effort to more fully define digital literacy as a pedagogy and skillset, a number of
models for educational technology were explored. Review of these materials was
expansive and provided both direction and inspiration for our digital literacy curricu-
lum. The most prominent of these are highlighted in the results section of this paper.

3.2 Digital Literacy Perceptions and Practices Survey

A survey validation study was first conducted in two phases to ensure items were
accurate and dependable. First, three digital literacy experts were asked to review the
survey and provide feedback via the Questionnaire Appraisal System (QAS-99) [13] to
evaluate the wording and accuracy of questions. The expert reviewers were selected
because they had similar expertise in digital literacy. To maintain independence of the
reviews, all reviewers were asked to conduct the reviews individually. Based on the
feedback from each expert, revisions were made to address concerns.

Following the expert review, five elementary teachers from a local laboratory
school were recruited to participate in a 30-min validation focus group. This second
activity helped ensure questions made sense consistently to members of the target
audience. In this session, teachers were asked to review and discuss each question and
provide feedback about the nature and content of each question. Based on this feed-
back, revisions were made and a final Digital Literacy Perceptions and Practices
survey was developed.
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To better understand the specific nature of teachers’ perceptions and practices
related to digital literacy instruction, a fully-validated survey was distributed to 1,000
K-5 teachers in Indiana and Michigan. For this survey, the Departments of Education
for Indiana and Michigan provided email addresses for K-5 teachers in those states.

3.3 Design Thinking and Empathy Research

To form a more comprehensive understanding of teachers’ classroom practices and
inform the development of digital literacy exercises, the research team engaged in 15
collaborative brainstorming sessions with more than 50 K-5 in-service and pre-service
teachers over a six-month period. Teachers were first interviewed about how they
integrate technology in their classes. They were also asked what factors contribute to
adoption of teaching and learning apps and/or websites. Likewise, teachers engaged in
participatory prototyping as a method for brainstorming interactive exercises that foster
digital literacy and reinforce language arts concepts, such as phonemic awareness,
reading readiness, and storytelling.

Throughout the design and development process, the research team also engaged in
iterative usability and user experience research with more than 30 K-5 teachers.
Teachers from two schools in Chicago and in Muncie, Indiana were shown exercise
prototypes and concepts at both low- and medium-fidelity, and provided valuable
feedback about the nature of each exercise, as well as the interaction design of the site.

3.4 Summative User Experience Testing

During the 2017 and 2018 International Society for Technology in Education (ISTE)
Conference, attendees were introduced to the Professor Garfield’s 21st Century Lit-
eracy Project and then asked to sign up to become beta testers for future usability and
user experience studies. A total of 100 teachers from 34 states agreed to participate.
Participants were divided into five groups, one for each of the five active digital literacy
modules that comprise the current iteration of the site. A separate set of questions
focused specifically on each exercise module was administered to 20 teachers each.

Participants were contacted via email and asked to complete a remote user expe-
rience protocol that engaged them in a systematic walk-through of the Professor
Garfield digital literacy offerings using a website testing tool. The task-based survey
was also provided as a PDF attachment for teachers who preferred to complete a paper
version and return it via postal service or email. The survey included seven key
demographic questions and nine tasks that required participants to walk through the
site’s main sections and provide feedback about the explanatory content, educational
merit, and ease of use related to each section and the custom content management
functions of the site. Tasks focused on the homepage, digital literacy instructional
videos, teacher registration process, course creation, exercise summaries, assignment
creation, lesson plans, digital literacy exercises, and grading system. Demographic
questions, as well as most task questions, were the same for all participants. However,
each of the five groups was given a unique set of questions related to one of the five
digital literacy exercises outlined above. The survey was live from June through
August 2018.
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4 Findings

The following sections provide an overview of what we learned at each stage of the
user-centered process.

4.1 State-of-the-Art and Extant Literature

A few notable online solutions for digital literacy education exist. learning.com pro-
vides interactive modules designed to “equip students with critical skills including
keyboarding, word processing, digital citizenship, and online safety, as well as media
and information literacy skills.” The site also advertises “a project-based approach to
teaching digital literacy and integrating technology into core subject instruction.”
Likewise, EDSITEment and ArtsEdge provide lesson plans, activities, and online
games. Similarly, a number of sites offer resources to help teachers in the classroom,
including The News Literacy Project, DigitalLiteracy.gov, Common Sense Media, and
Web 20.14. Although they offer an abundance of information and content, they do not
address the complexities of teaching and learning digital literacy in K-5.

Additionally, TPACK (Technological Pedagogical and Content Knowledge) [9]
emphasizes three types of knowledge instructors need to combine for successful edtech
integration. Likewise, the Substitution Augmentation Modification Redefinition
(SAMR) Model [10] provides insight about how computer technology might affect
teaching and learning. However, neither provides a comprehensive and definitive
framework for understanding the broad range of skills a learner must acquire to become
digitally literate.

Ultimately, the review of literature revealed that digital literacy is about mastering
ideas, not keystrokes. Many scholars and educators have evolved the concept, and
according to Hauge and Payton [6], to be digitally literate empowers students to use
digital tools – such as online learning environments, software, hardware, etc. – for
critical thinking and problem solving. Hauge and Payton’s framework identifies eight
core components of digital literacy: e-safety, finding and selecting information online,
functional technology skills, critical thinking about technology use, creativity in digital
environments, the role of technology in their lives, effective communication, and
collaboration in digital environments (Table 1). This work underpins the digital literacy
curriculum eventually built for this study and informed the development and validation
of the perceptions and practices survey outlined in the next section, as it provides a
clear operational framework for identifying and defining digital literacy skills. Fur-
thermore, [6] advocates for a cross-curricular, age-appropriate approach to adminis-
tering essential digital literacy instruction. They note that digital literacy is not a
subject, but rather a skillset that students develop.
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4.2 Digital Literacy Perceptions and Practices Survey

A total of 297 teachers started the survey, however, only 249 responded to all survey
items. Individuals who didn’t complete the survey were removed from the dataset,
resulting in a 24.9% response rate. Demographic data, including teaching and/or
administrative responsibilities, was collected. Then, participants were asked to respond
to 17 questions – including both Likert-scale and open-ended questions – about
technology use and digital literacy perceptions and practices. The survey was estimated
to take about 20 min to complete.

Respondents were asked a number of general
questions about how they approach technology
and digital literacy instruction in their class-
rooms. Most respondents (78%) reported that
their schools offer the flexibility and resources
needed to teach about technology. Likewise,
more than half of respondents (65%) reported
that their schools offer the flexibility and
resources needed to teach about digital literacy.
However, as Fig. 1 illustrates, when asked
approximately how many hours per week they
dedicate to teaching students how to effectively
use digital tools, more than half of respondents
reported one hour or less.

Respondents were asked whether class time is structured so that students regularly
have the opportunity to engage in specific activities related to the eight components of
digital literacy: e-safety, finding and selecting information online, functional technol-
ogy skills, critical thinking about technology use, creativity in digital environments, the

Table 1. This project is based on eight components of digital literacy [6].

Digital literacy
component

Definition

Functional meaning
making

Ability to operate software and/or hardware

Finding & selecting
information

Ability to find accurate, reliable information online

Effective communication Ability to communicate online
Collaboration Ability to work with others using technology and/or effectively

collaborate online
Critical thinking Ability to think critically about technology use
Creativity Ability to connect ideas and generate creative digital products
E-Safety Ability to use good judgment, engage in safe in tech use
Effective communication Ability to appropriately communicate with digital tools
Cultural awareness Ability to understand how technology shapes the world we live

in

Fig. 1. Teachers’ classroom practices
related to teaching digital literacy
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role of technology in their lives, effective communication and collaboration in digital
environments. Figure 2 illustrates how educators responded to these questions.

Findings also suggested that: (1) professional development opportunities are lim-
ited for learning how to teach students how to use digital tools; (2) teachers’ under-
standing of digital literacy is relatively shallow; (3) teachers often focus on tools and
software as opposed to underlying principles that govern digital literacy.

4.3 Design Thinking and Empathy Research

Not surprising, the need for a simple design was a key theme during early-stage
concept tests. Participants emphasized that both K-5 students and teachers require a
clean, minimalistic design and clear interaction patterns for the site to be learnable,
memorable, and easy to understand. Additionally, teachers indicated that digital liter-
acy exercises must deliver a comprehensive lesson, fun enough to hold a young
learner’s attention, and brief enough mitigate the chance that they would lose interest.

After several rounds of design thinking, semi-structured interviews, and partici-
patory brainstorming and prototyping, seven key requirements emerged: (1) teachers
must have a clear understanding of digital literacy; (2) instructional materials must be

Fig. 2. Teachers’ responses to questions about whether class time is structured so that students
regularly have the opportunity to engage in specific activities related to the eight components of
digital literacy.
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grounded in a framework of digital literacy; (3) the site must provide teachers with
support materials, such as video tutorials and lesson plans, and offer clear direction for
how to implement them in the classroom; (4) teachers must see a clear connection
between what students are learning and established curricular standards; (5) exercises
must be age and grade appropriate; (6) exercises must be fun and motivating to K-5
students; and (7) teachers must be able to track students’ progress toward digital
literacy.

Based on these requirements, the final website (professor.garfield.com) includes the
following key features (Fig. 3):

Brief instructional videos define each of the eight key components of digital
literacy. These videos provide teachers with definitions of each component and
exemplify the skills necessary for a student to master digital literacy. An introductory
lesson plan called “Eight Days of Digital Literacy with Professor Garfield” is also
included. This comprehensive plan provides teachers with simple activities they can do

Fig. 3. A home page (top left) provides an overview of digital literacy and the site’s main
offerings. A digital literacy page (right) includes brief instructional videos that define eight
components of digital literacy. Videos provide teachers with a clear understanding of each
component and exemplify the skills necessary for a student to master digital literacy. Videos are
accompanied by an introductory lesson plan that teachers can use at the start of a semester or unit
called “Eight Days of Digital Literacy with Professor Garfield.” Digital literacy exercises (bottom
left) guide students through short tutorial videos prior to engaging in an activity designed to teach
one or more of the eight components of digital literacy.
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with students to build a foundation for digital literacy. For example, in one activity,
students explore how technology has changed the world. Among the topics discussed
are the advent of online schools, online shopping and 24-h access to television, movies,
music, and news. Students are introduced to Google Earth to illustrate the global
community facilitated by the Internet. Finally, they are asked to search for their school
and tour the community surrounding it while the teacher shows some of Google Earth’s
features.

Cross-curricular lesson plans for five exercises include downloadable handouts
teachers can print and use, as well as customizable PowerPoint presentations. Lesson
plans indicate for which grade level each exercise is best suited (Fig. 4). Lesson plans
also indicate which Common Core Language Arts standards [2] as well as which
International Society for Technology Educators (ISTE) standards [4] each lesson
covers.

Fig. 4. A teacher dashboard (left) allows teachers to explore exercise descriptions and lesson
plans, as well as assign exercises to their class. Cross-curricular lesson plans include
downloadable handouts and PowerPoint presentations. Lesson plans also indicate for which
grade level each exercise is best suited and the Common Core Language Arts standards and
International Society for Technology Educators each lesson covers.
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Five exercises are each designed to achieve three main goals: (1) teach one or more
of the eight components of digital literacy, (2) reinforce concepts related to language
arts (e.g., phonemic awareness, reading instruction, storytelling), and (3) leverage the
popularity of Garfield in fun, engaging ways.

For example, in an exercise targeted toward first and second graders called “Photo
Rhymes,” students learn how to tell stories using photos, how to make and edit photos
using digital cameras, how to upload photos to a web-based system, and the importance
of saving your work in digital environments. Then, they are given a list of words and
asked to find objects that rhyme, take photos of those objects, and upload them to the
website. Teachers are able to customize the list of words and are encouraged to use
spelling or vocabulary words from a language arts lesson. Additionally, students can
unlock digital literacy badges and downloadable prizes as they work toward becoming
digital literacy masters.

A learning management system allows teachers to track students’ progress
through the digital literacy curriculum, assign grades and badges for each exercise, and
provide comments/feedback on students’ digital literacy submissions. Additionally, a
dashboard allows teachers to review, select, and customize digital literacy exercises and
lesson plans.

4.4 Summative User Experience Testing

Thirty-six teachers participated in the final user experience test (36% response rate).
Five sub-groups responded to unique questions about one of five digital literacy
exercises: Photo Rhymes (n = 9; 45%), Culture Video (n = 7; 35%), Narrate Garfield
(n = 8; 40%), Video Editing (n = 5; 25%), Digital Footprint (n = 7; 35%).

Responses to questions about general system features – including homepage, digital
literacy page, teacher registration, course creation, exercise summaries, assignment
creation, and grading – were overwhelmingly positive. In nearly all cases, 80% or more
of participants responded positively (strongly agree or agree) to questions about the
quality of all areas of the site. Responses to questions about ease of use and perceived
appropriateness for K-5 students were equally positive. Open ended responses illu-
minated several positive attributes and room for improvement:

• Homepage is attractive, and/or informative (n = 22).
• Videos are high-quality, clear, appropriate, informative, easy to understand

(n = 17).
• Site is all-in-one resource for digital literacy (n = 24).
• Teachers learned more about digital literacy (n = 12).
• Exercises are fun (n = 17), engaging (n = 4), easy to understand (n = 12), and

informative (n = 10).
• Homepage needs more information (n = 16).
• Digital literacy videos might be difficult for younger students to understand (n = 8).
• Younger students may struggle to complete exercises because the videos contain

too much talking and not enough explanatory visuals (n = 7).
• Educational standards on the lesson plans should not be state-specific (n = 11).
• Grade levels specified in lesson plans may not be correct (n = 4).
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• In several places, videos and/or instructions were difficult to understand/follow
(n = 6).

These results have been used to make improvements to the site, including a
redesign of the homepage, additional video production, a revised approach to reporting
educational standards for each exercise, and simplified instructions for younger
children.

5 Discussion

Establishing a user-centered approach that engaged K-5 educators in the design and
development process was critical for a number of reasons. First, it allowed the design
team to create a positive dialogue throughout the research process with an eye toward
developing a curriculum informed by the teachers who might use it. Given the con-
siderable barriers that teachers face when it comes to integrating technology in the
classroom, this approach ensured that curriculum and site design decisions will mitigate
those barriers. Anecdotal, but certainly important, the feedback we received from
teachers throughout this process was extremely positive. Teachers were generally
enthusiastic about the content, excited to have comprehensive digital literacy tools for
their own development and that of their students, and grateful that we spent a great deal
of time with teachers in many different schools and school systems to determine what
strategies and tools would work best for them and their students. Many times, teachers
expressed to use that all too often, technologists, entrepreneurs, and innovators develop
teaching and learning tools based on assumptions they have about how teachers teach
and how young people learn. This approach, they said, often leaves teachers feeling
undervalued and results in products, services, and methods that are not realistically
implementable in the average K-5 classroom.

Additionally, this user-centered approach appropriately respected K-5 teachers’
pedagogical content knowledge by giving them a voice in the curriculum development
process. By engaging teachers throughout the design process, the team was able to
transform their innovative ideas into new digital literacy activities. Furthermore, it
allowed us to design a robust digital literacy curriculum that is comprehensive and
appropriate for the K-5 audience, as well as motivating for teachers to use and
implement in the classroom. Finally, feedback during iterative design, development,
and testing phases allowed us to effectively and incrementally build a website that will
be useful, relevant, and easy to use. Summative user experience testing uncovered
specific ways in which the final product both met and fell short of desired outcomes.
Feedback from that research has been used to improve and polish the site. Ultimately,
this project has demonstrated the true value of a user-centered approach to web design
and development, particularly when there are significant barriers to adoption and
highly-specialized domain knowledge among the audience and key stakeholders.
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5.1 Conclusion and Future Work

Feedback from user-centered activities informed site improvements, and we are cur-
rently developing three more exercises focused on identifying facts vs. opinions and
storytelling online. The site will officially launch for free use in Spring 2019. We are
currently running a pilot study of the full site with six K-2 teachers and their students
(approximately 140 children) at a campus laboratory school to further investigate the
efficacy of the site, lessons, and exercises in a live classroom setting. We are also
planning a large-scale implementation study in local Muncie schools for Fall and
Spring 2019. Finally, we are currently developing a dashboard for creating personal-
ized digital literacy and language arts lesson plans.
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Abstract. The role of high-fidelity simulation-based training is critical for
preparing first responders to perform effectively in emergency response and
firefighting environments. However, training simulation instructors currently
rely on direct observation and radio-based audio communication methods to
observe behaviors and evaluate interactions of trainees to provide feedback to
trainees during debriefing sessions. Such human-driven evaluative methods,
while valuable, lose fidelity of information for learning due to working memory
limitations and the mind’s inability to capture all relevant behavioral informa-
tion in realtime and to provide relevant detailed information that is easily
interpretable to instructors. Thus, there is a need and the potential to explore
alternative data collection and processing methods leveraging advanced wireless
technologies to attempt to enhance the effectiveness of simulation training
process for emergency response, to ultimately help save lives and better prepare
our communities building emergency and disaster resilience. In this paper, we
present a multimodal streaming analytics system to support learning by lever-
aging a user-centered design approach in consultation with a regional fire and
rescue training academy. This conceptualized system provides real-time col-
lection, visualization, and analysis of heterogeneous data streams including
location sensing using Internet of Things (IoT) devices, audio communication,
video observations, as well as social media and 911 call log streams. We
describe the associated design challenges and lessons learned from the initial
prototyping activities to strive toward enhancing the situational awareness and
learning of emergency response personnel and leadership instructors with iter-
ative design cycles at the regional fire and rescue training academy.
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1 Introduction

Training is an essential component for the successful deployment of any complex
socio-technical system, especially those that may involve various types of interactions,
specifically between human-to-human, human-to-machine, machine-to-human, and
machine-to-machine as well as the interaction among the multiple engaged teams.
Emergency management and response is one such type of complex environment,
requiring first responders to efficiently and effectively carry out an incident response
with multiple teams (e.g. fire and rescue teams, EMS teams, dispatch, etc.) to conduct
life-saving operations while leveraging a suite of technologies to assist in their mis-
sions. Simulation training provides a key component and process for emergency
management and response personnel to help address the inherent uncertainty of a
simulated incident toward more efficient task coordination and effective planning and
communication (Bannan et al. 2019).

Despite the obvious importance of training, the simulation training process may not
always be optimal if the training tools are inefficient to assist the training simulation
instructors and the trainees (Buck et al. 2006; Feese et al. 2013). In current practice, the
training simulation instructors often primarily rely on direct observation and radio-
based audio communication for documenting trainee behaviors and interactions. Such
direct observation-based methods can sometimes lose the valuation of information in
providing an effective learning feedback to an individual trainee and team during the
debrief due to a variety of data-centric limitations (Dubrow and Bannan 2019). For
instance, the incompleteness of the observed data, inefficient extraction of behavioral
knowledge from the observed data for learning that could be interpretable to instruc-
tors, etc.

Therefore, in this paper, we ask the following research questions to help improve
the training in the complex environment of emergency management:

– (RQ1). How is a shared understanding of situation established across personnel
within and between teams during an incident response or a training exercise?

– (RQ2). What challenges do current practices of human observation and audio-
based information collection and processing present when attempting to measure
and interpret shared situational awareness and team coordination?

– (RQ3). How can we address the identified challenges from the current practices of
information processing using the state-of-the-art technologies?

This research takes a user-centered design approach to address the above questions.
In particular, for research questions RQ1 we conducted several iterations of focus
groups with our collaborating emergency management trainers at a regional fire and
rescue training academy. For answering research questions RQ2 and RQ3 we analyzed
the focus group observations in light of the existing literature on data analytics and
learning technologies. We found the recent advancement in the multimodal data
streams as a unique, unprecedented opportunity to address our challenges in the con-
ceptualization of a human-computer interface for emergency management training.

Recent advancements in video, wearable, and social & web stream technologies
present unconventional opportunities to capture and improve multiple streams of
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information that may be accessible to instructors during simulations and enhance
debriefing sessions (Dubrow et al. 2017; Feese et al. 2013; Kranzfelder et al. 2011).
The debriefing session concluding a live simulation training event is where prior
research indicates the most learning occurs as the first responders view and reflect on
their behavioral activities post-event. The capability to mine behaviors from the inte-
gration and combination of such non-traditional data streams present a promising
method to enrich the information collected, processed, and analyzed in-situ (Bannan
et al. 2019). These new combinations of information streams may assist incident
commanders and instructors in facilitating relevant pieces of information to provide
enhanced situation awareness through replaying targeted episodes that are triangulated
and visualized through redundant data sources (e.g. video segments and proximity
sensors both recording the proximity of personnel to the patient as the event unfolds).
Multiple views of varied streaming information about the specific events during the
training exercises provide complementary situational awareness. The improved, inte-
grated data streams optimally visualized to incident command during the live simu-
lation and post-event during the simulation debriefing session could possibly lead to
improved awareness for reflection and experiential learning for fire and rescue per-
sonnel, as they engage in this complex socio-technical system environment.

We propose a multimodal system design, which provides real-time collection,
visualization, and analysis of heterogeneous streams including location sensors, audio
communication, video observations, and social media and 911 call streams by building
on the redundancy and avoiding split attention effects in the learning science literature.

In the remainder of this paper, we first provide a background on the emergency
response and management training with consideration of designing a data streaming
and learning analytics system for the first responders audience, followed by presenting
the conceptual system design as well as the results from iterative cycles of prototyping
in a user-centered design process toward that goal.

2 Background: Emergency Response Training and Stream
Data

This section describes the context of our research through the two following related
areas.

2.1 Emergency Management and Response Training

There are several types of training exercises utilized in the emergency management
domain, ranging from tabletop discussions to high-fidelity in-situ simulations centered
around incident management (Buck et al. 2006). There are disparate training forms and
each serves unique purposes for team learning, situation awareness, coordination, and
improved performance.

Tabletop exercises (TTX) are often used by leaders in emergency management
systems when planning future response techniques, such as future assessments of
emergency-based damage and potential community recovery (Volunteer Fairfax).
Researchers and trainers may want to collect data streams such as audio and video to
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record discussions during such meetings. Additionally, sociometric and dyadic mea-
sures of interactions between leaders may be examined to assess coordination and effort
in TTX.

Drill exercises occur when training for a single function, such as applying a
tourniquet to a patient. In such exercises, trainers may care more about specific body
placement, speed, and proximity to the victim to assess performance (California
Hospital Association). Functional exercises are less focused on planning and specific
skills, and more focused on the interactions between individuals, teams, and agencies
when responding to an event. Functional exercises allow for training and assessment of
responders’ skills without the costs and risks of in-situ simulations. Thus, data col-
lection in functional exercises should likely be more focused on video, audio, and
sociometric sources than on physical sources (e.g., GPS, proximity).

Finally, full-scale in-situ exercises are high-fidelity and as close to real life events
as possible (California Hospital Association). Full-scale exercises are the most realistic
for first responders, and are better able to create the stress, sense of urgency, and
obstacles that come with real life events. Researchers and trainers will want the most
information from full-scale exercises, but full-scale exercises are the most challenging
to collect data from, due to environmental factors such as noise, vision, and heavy
equipment. Thus, data redundancy is especially important in full-scale exercises.
Physical, sociometric, audio, and video data are all critical for after-action reviews
following full-scale exercises.

Currently, most of the existing approaches to the learning analytics during these
variety of training exercises do not exploit the multimodal data streams.

2.2 Streaming Analytics Systems

Researchers and practitioners have designed streaming data analytics systems in a
variety of domains. Safety-critical systems in industries have long employed the variety
of sensing methods, video surveillance, and audio communication technologies using
cyber-physical systems (Rajkumar et al. 2010) for operational and training purposes,
which require streaming analytics including signal processing. Likewise, military
domain use such technologies, primarily using the simulation based modeling systems
that analyze the video data streams for operational training (Buller et al. 2010). Sim-
ilarly, aviation domain extensively use audio communication and sensor data streams
for analyzing team behavior in the training processes. Modern information systems for
surveillance and intelligence have extensively mined a variety of open data streams
including multiple modalities (Glassman and Kang 2012). These applications of
streaming data analytics across different domains suggest the important of studying the
diverse data streams, rather than relying on single data stream for any analytical tasks.

However, there is a lack of investigation for designing such streaming analytics
system with multimodal data streams in the context of emergency management and
response, which provides a strong motivation to our research.
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3 System Design: User-Centered Approach

In the current study, we utilize a user-centered design approach (Wallach and Scholz
2012) to ideate, refine, and execute a multimodal analytics software system for sup-
porting the operational training of emergency services. We designed a system to meet
the trainer needs, summarized in Fig. 1, that captures multimodal data streams and
processes them to identify common behavioral events (e.g., proximity of two personnel
from different teams for a common task).

The system design aims to (a) save time, by allowing trainers and incident com-
manders to browse content from multiple streams on the same visual dashboard,
(b) reduce effort, by seamlessly aligning common information streams and eliminating
the need for trainers and incident commanders to check several different dashboards,
and (c) facilitate scalable monitoring of trainee learning by allowing more instructor
roles to access the same dashboard views. In addition, the system design will also
ultimately increase situation awareness to facilitate improved team coordination and
experiential learning from the exercise.

Fig. 1. Overview of the multimodal streaming analytics system for supporting training of
emergency personnel.
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3.1 Design Challenges

Our discussions with fire and rescue trainers have highlighted that the lack of access to
redundant information is a key limitation in current trainee learning practices that leads
to missing information and limited situational awareness, which impact learning and
team coordination during highly dynamic training exercise environments. To enhance
awareness, learning, and team coordination by leveraging streaming analytics, we must
align the demands of context and behavioral activity with the identified research
constructs and the information processing requirements and challenges in the emer-
gency response situation.

Situation awareness as a complex construct has been defined in multiple ways
(Stanton et al. 2017). Fundamentally, individual situation awareness is described as
“knowing what is going on around you or having the big picture” (Jones 2015, p. 98).
However, other definitions include information from humans as well as devices in
describing situation awareness as:

activated knowledge for a specific task within a system….[and] the use of appropriate
knowledge (held by individuals, captured by devices, etc.) which relates to the state of the
environment and the changes as the situation develops (Stanton et al. 2006, p. 1291).

This expanded view of situational awareness is extendable to the wider emergency
management and response system to include multiple factors and collective agents (e.g.
both human and non-human entities) who “…also have to track and/or represent the
situation in complex (and not so complex) ways in order to function as they should, or
at the very least, help human agents to achieve acceptable levels of performance
(Stanton 2017, p. 452).” We have adopted this definition of situation awareness to
include multiple factors represented by multiple data streams to inform the incident
commanders and emergency response personnel about their own behaviors and per-
formance during the simulation through both human and non-human agent interaction.
Our vision is to ultimately represent various facets of behavior in-situ while the first
responders are engaged in the simulation for the benefit of incident command decision
making during the event as well as concluding the simulation for personnel reflection
during the debriefing session. This would create a common operating picture formed
through the captured human-to-human interaction as well as human-to-machine (or
device) and then potentially mined for meaningful information through behavior
analytics for the observed information by machine (or device) or human. We envision
these devices or sensors capturing the dynamic response by multiple teams (e.g., fire
and rescue, EMS) and visualizing their different patterns of coordination (e.g. who is
near who at what point in time) through a machine learning approach for behavior
mining of relevant information in near real-time. This would hopefully, provide the
incident commanders, their personnel and observers of the simulation, a common
operating picture to form a shared mental model of the event and increase their
experiential learning from that event.

However, we identify three key challenges in the training process centered around
information processing systems of sensors and other data streams are the following:

1. Incompleteness: missing observational data streams.
2. Miscommunication: noisy or lossy radio communication channel.
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3. Inconsistency: across the observational and continuous audio data streams.

During the focus group discussion with our collaborators at the firefighting training
academy, we validated the need for solving the above challenges in the data streams
across modalities, and the need to minimize uncertainty of information as well as
improve the perceived validity of the information using multimodal streaming analytics
approach.

3.2 Theory of Redundancy and Split Attention Effect

Our system design is based on the ideas of presenting redundant information through
multimodal data streams and purposefully integrating different data streams to avoid
the split attention effect to potentially improve first responder awareness, learning and
team coordination. The split attention effect occurs when learners are required to divide
their awareness between multiple sources of information that have been separated
either spatially or temporally and therefore, need to be integrated to avoid cognitive
overload. Studies have shown that integrated information is more effective for learning
especially if the individual components of information are found to be less intelligible
in isolation (Ayers and Cierniak 2012). However, when strategically combined to avoid
split attention, an integration of data streams may move toward more intuitive pro-
cessing of information (Chen et al. 2017). If the same information is physically or
spatially (digitally) integrated, this may obviate the need to mentally integrate it, then,
potentially reduce the number of interacting elements to minimize extraneous cognitive
load.

The split attention effect has been well-documented in multimedia learning. For
example, Kalyuga et al. (1999) tested the effect on computer-based instructional
materials consisting of diagrams and texts. They found that physically integrated
information enhanced learning compared with information split across multiple sour-
ces. Al-Shehri and Gitsaki (2010) compared a split attention design with an integrated
design for learners’ online reading performance. Results supported the view that online
integrated materials enhanced students’ learning. Similarly, Liu et al. (2012) investi-
gated the split attention effect on mobile learning in the domain of physics. Therefore,
we anticipate similar behavior when using a multimodal analytics system design for
assisting trainers in complex training environments.

According to Ayers and Cierniak (2012) “…the split-attention principle says that
several separated sources of information should be replaced with a single integrated
source of information.” In our work, we envision multiple modes and streams of data
and information aligned in a single, meaningful display for the first responder audience
that moves toward optimal information processing in a complex dashboard for simu-
lation training. The incident commanders as well as the fire and rescue trainers must
hold a significant amount of information in their working memory during simulation
exercise or an actual emergency response incident typically obtained through radio
communication. The tendency for information overload is palpable with firefighters
during an emergency response with stated concerns related to avoiding cognitive load
or adding to their workload with additional, unnecessary information and radio traffic.
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Therefore, attempting to reduce the number of information streams in temporal and
spatial contiguity is the goal and continuing identified challenge for our system.

Prior research has indicated the first responders desire an overall picture or mental
model of the incident at hand typically processed through input gained from various
information sources. For example, in a fireground incident, gaining information about
the structure of the building, number of occupants, any hazardous materials on-site,
etc. would be important information to know immediately upon initial assessment
(Xiaodong et al. 2004). Important factors from the Xiaodong et al., study revealed the
following design issues that emerged from the field:

1. Accountability of resources and personnel is crucial and should be as simple and
accurate as possible.

2. Assessment of the situation through multiple sources of information while avoiding
information overload is key.

3. Resource allocation is a primary task for incident commanders and should be a
primary focus in designs.

4. Communication support should add reliability and/or redundancy to existing
communication channels to ensure that important messages reach the right people
(p. 683).

Our study attempts to intersect these core findings with learning science to advance
the design of an ubiquitous computing system interface, which adheres to appropriate
instructional design principles as well as prior research findings. For example in the
same study, tracking individual firefighters in a particular building was perceived as
useful, however, incident commanders preferred less granular information and desired
broad-levels of information initially such as warnings of imminent dangers (e.g. low
levels of oxygen) for their teams. In visualizing their respective team tasks, only
presenting information that was necessary or explicitly queried or providing redun-
dancy of important information to validate incoming contextual data was perceived as
useful by the firefighters (Xiaodong et al. 2004).

The multimodal learning analytics system is designed to visualize information
about the simulation event in-situ but also enhance the debriefing session to improve
experiential learning from the live simulation. Learning through reflection on action in
a simulation experience provides a rich source of objective data that can contribute to
effective feedback from the situation. Jenvald and Morin (2004) found that discussion
alone in the debrief did not appear to facilitate learning as well as the opportunity to
visualize targeted replay information to promote rich reflection in providing relevant
details in a calmer environment immediately following the simulation event. Our goal
is to provide relevant streams of data to incident commanders and first responder teams
that are visualized in the debriefing session with appropriate redundancy and attention
to relevant integrated streams of information for this type of enhanced feedback.

3.3 Design Constructs

The specific constructs in our multimodal analytics system are the following:
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Data Collection. The rising adoption of mobile technology, Internet of Things (IoT),
and social & Web data sources provide emergency management and response orga-
nizations a novel opportunity to collect information about incidents from diverse
channels, and reduce uncertainty in information for better situational awareness. Social
media has enabled citizens to act as “human sensors”, who observe, share and update
situational awareness information for an unfolding emergency event. Ubiquitous
computing and IoT sensors have opened up opportunities to collect field observations
from the deployed sensors on resources and personnel in the field, complementing
conventional channels of audio communication.

Streaming Information and Behavior Mining. Given, a collection of streaming
media sources (e.g., IoT sensor stream, location sensors, wearable biometric sensors,
social network streams, news rss feeds, 911 call records), the technical objective is to
develop time-series data mining and machine learning approaches with human-
machine collaboration to identify the occurrence of a behavioral event of interest that
has potential implication for emergency management operations (Pandey and Purohit
2018). We also seek to identify the granular information i.e., specific information from
the multitude of streaming outlets that can be considered as supporting evidence for
integration within the common operating picture for decision making, such as for
personnel management and resource coordination analysis.

Team Coordination Analytics. Our proposed approach of incorporating redundant
and complementary information sources, and their unified organization, provides a
form of intelligence through selected “smart” capture, integration of data sources with
computational intelligence, and timely visualization of these varied information sources
for emergency response personnel to consider in extending their situation awareness,
decision-making and learning (Dubrow and Bannan 2019). This system design
specifically targets team activity by displaying complementary sources of information
to improve confidence in, and efficiently support situational awareness analysis for
decision making, explicitly addressing the who-what-where of coordination and
experiential learning at important inflection points between teams.

Visualization Dashboards. Modeling and visualizing information flow across mul-
tiple constituent groups in an emergency scenario to potentially improve situational
awareness, coordination, decision-making, and experiential learning requires multi-
disciplinary expertise and an integrative research approach with attention to the
redundancy principle and split-attention effects. Complex interdependencies exist with
a focus on actors, processes, and patterns that may be highlighted through the actions of
individuals over time responding dynamically in-situ (Zaccaro et al. 2012). We plan
custom visualizations such as temporal charts, dynamic networks, and geographical
maps that leverage real-time behavioral data for immediate display (and later analysis)
from multiple sources, including unconventional data (e.g. physical and biometric
sensors on emergency responders, environmental sensors, social media, news feeds)
and conventional data (e.g., human-observer checklist, audio communication streams).
These visualizations help establish a common operating picture for incident com-
manders and for reflection by the emergency response teams in the debriefing session.
Our primary hypothesis for this design is that viewing these multiple data stream
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provides important redundant information to reduce uncertainty related to conventional
and unconventional data sources for assisting decision-making, coordination, and
learning.

4 Preliminary Prototyping, Lessons Learned, and Conclusion

The proposed system dashboard, shown in Fig. 2, was prototyped for visualizing the
movements of fire and rescue exercise participants at our collaborating regional fire and
rescue academy. The emergent system continues to evolve testing and integrating
multiple sources of information to visualize relevant information about resources,
events and actions by location and time. The identified information layers will continue
to be designed to deliberately address critical points of team-based interaction related to
crisis response decision-making, situation awareness, coordination, and learning during
identified interactions or inflection points (such as the effective handoff of the patient
from one team to another that involves decisions for routing, awareness of patient
condition and environment, coordination and communication between teams, etc.).

The next step is for the system to visualize these selected multimodal information
streams into a common operating picture (commonly referred COP in the emergency
domain), or dashboard, for use in the simulation by the emergency operations center as

Fig. 2. Snapshot of a dashboard with two widgets from our preliminary prototype for the
proposed system design, where the time series data visualization is shown for the movement
pattern of diverse trainees during an exercise, which shows the movement pattern of a potential
coordinated behavior between multiple actors of different teams (c.f. details: Dubrow et al. 2017).
The visual dashboard provides the ability to browse the data over time and location, which
enables an instructor during debriefing to go back in time and filter all the information across the
set of behavioral analytics widgets, which correspond to mining each type of multimodal data
streams.
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well as in after-action review, or debrief. Providing visualization of additional
unconventional information channels from social media and sensors may offer new
information for decision-making and learning to enhance situation awareness, and
coordination for participants. Providing additional information channels that are not
centralized or accessible in Emergency Operations Centers has been linked to
improving understanding of a crisis situation and supporting decision-making of
emergency response teams (Van de Walle et al. 2016). However, ensuring that the
emergency response professionals are provided the right information at the right time
that does not add to their cognitive load and provides validity and improved com-
prehension with selective redundant information remains a challenge that we plan to
address in our ongoing work.

In conclusion, this paper presented a multimodal streaming system design and
preliminary findings and challenges from prototyping in a user-centered design process
with professionals at a suburban fire and rescue training facility to inform future
research.
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Abstract. This article is aimed at providing a design principle for companion
robot based on Artificial Intelligence. Taking children at 0–6 years old as target
users and their parents as target customers, the author applied methods of
investigation and observation to understand their income level, life routine,
habit, pain points, consumption capacity and aesthetic level. With these previous
researches and some utilization of ergonomics, this paper defined the function,
size, material of Companion Robot for children. This paper explores and
summarizes the user orientation of Companion Robot for children, its functional
definition, material definition and man-machine definition, and shows the design
practice under its guidance. This study will provide guidance for future design
of companion robots and make the design location clearer by putting forward
design concepts and guidelines.

Keywords: Companion Robot � Artificial Intelligence �
User experience design

1 Introduction

1.1 Research Background

With the rapid development of Big Data and the Cloud, Artificial Intelligence tech-
nology has entered the third development peak. As the solid foundation of the
development of many other novel technologies, AI will become the most important
technology in the world in the coming decades. The concept of Artificial Intelligence
was first presented at a conference held by The Dartmouth Society in 1956. The most
important topic is how to imitate human brain with computer and realize some intel-
ligent functions. And AI has now become a subdiscipline of Computer Science. At
present, the development of many technologies is related to AI. Today, AI is mainly
applied in 7 fields: AI Assistant, Intelligent Security, Unmanned Driving, Healthcare,
E-commerce, Finance and Education.

From 2014 to 2017, the scale of Chinese AI market rose from 4.86 billion yuan to
13.52 billion yuan, with an average compound annual growth rate of more than 40%.
Among them, the scale of Chinese AI industry reached 9.560 billion yuan in 16 years,
an increase of 37.9% over the same period last year. In 2017, it was 13.52 billion yuan,
an increase of 41% over the same period last year.

AI currently plays the following functions in the field of education: 1. Helping
children learn individually in accordance with their aptitude. 2. Counseling on daily
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questions. It has become a supplement to teachers’ face-to-face instruction. 3. Intelligent
assessment. Reduce the pressure on teachers to correct homework, and achieve large-
scale and personalized homework feedback. 4. Teaching with pleasure. AI can establish
an entertaining teaching platform. Therefore, Companion Robot for children based on
AI becomes a bridge between parents and children and provides a medium for their
interaction [1]. In modern time, parents pay more and more attention to the education of
children from preschool period, hoping to cultivate children comprehensively, so that
children can grow up happily and excellently. Companion robots have gradually
become a part of life, relying on the progress of artificial intelligence technology.
Companion Robot is a bridge and medium for parents and children to communicate and
interact emotionally. With the introduction of second-child policy in China, the market
for children has quickly become active. Every year, tens of millions of newborns are
born, and the number of children aged between 0 and 8 is about 120 million. Parents are
post-80s and post-90s, the main consumers in the current market. They are advanced
enough to adapt to globalization. They attach great importance to children’s education,
especially in early stage and are more willing to invest more in children’s development.

1.2 Research Significance

Preschool education is the initial education for children and is especially important for
them. Nowadays, the whole society is paying more and more attention to education,
various new education methods and tools are emerging. At the same time, according to
the survey, nowadays, many young parents are at the peak of their career and they can
only spend less than an hour with their children every day. More or less, 60% of
parents miss the representative moment when their children grow up. 70% young
fathers miss their children’s first word because of their business [2]. Only by accom-
panying the children and giving them optimal education can the children grow up
healthily and excellently, and leave a good memory in their childhood life.

Therefore, based on the development of AI technology, Companion Robot is
designed to integrate the round and lovely image into children’s life. It is easy to be
regarded as a close and easy-to-communicate friend by children. Implicitly, it can help
children develop good habits, good mentality and make education more interesting,
more diverse. Robots are not only partners, but also good teachers. They relieve the
parents’ burden of education, make up for the deficiencies, and enable children to
acquire knowledge and grow up in a happy life.

Taking into consideration the development of AI technology and the psy-
chophysiological characteristics of children aged 0–6 years, this study provides con-
cepts and guidelines for the design of Companion Robot for children.

2 Review of Previous Research

2.1 Academic Research on Companion Robot

In recent years, research on Companion Robot has been under heated discussion. The
research scope of companion robots is also quite wide. Meghdari et al. designed a
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mobile social Companion Robot “A rash” for the education and treatment of children
with chronic diseases. It is mainly aimed at children with cancer who suffer from
physical pain caused by disease and its treatment. Using robotic partners to interact
with sick children in hospital environments can reduce their pain and thus improve the
efficiency of cancer treatment [3]. Billard et al. constructed robots with physical
characteristics similar to human babies. It has been used as an assistant technology in
behavioral research of autistic children [4]. Michaelis et al. designed learning partner
robots to increase reading activity and observe the impact of robots on family reading
experience [5]. Cavallo proposed a novel method based on reliability and acceptability
assessment. This method is used to design, develop and test a personal robot system
consisting of a mobile robot platform and an intelligent environment to assist people at
home. The viewpoint that robots need to cooperate closely with human beings, so
novel interactive engineering design methods are needed to develop service robots [6]
that meet the needs of end users and can be used quickly in daily life.

On the AI side, Alpha GO Zero, released by Google, can learn from self-matching
and millions of pieces of chess data. Boston Dynamics released SpotMini robots that
can quickly adjust leg gait, keep standing, and eventually resume standing to complete
tasks. SpotMini is also equipped with a large number of sensors, such as RGBD
camera, attitude sensors, and body sensor of the limbs. These sensors can help Spot-
Mini perform complex actions and cruise. The goal of Boston Dynamics is to build a
robot that is more mobile, agile and perceptive than humans and other animals. At
present, their research results show us the breakthrough of AI technology, which will
have infinite possibilities and broad application prospects in the future.

2.2 Design Application on Companion Robot

The International Federation of Robots (IFR) released its latest global service robots
statistics report in March 2016. Global sales of dedicated service robots in 2014 were
24 207, 11.5% higher than 21712 in 2013, and increased by 3% to $3.77 billion from
2013. However, research on the global service robot market is still in its infancy. The
compound annual growth rate of service robot market will reach 17.4% in 2017, and
the market scale is expected to reach 46.18 billion US dollars in 2017. It is expected
that the annual composite growth rate of service robotics industry in China will reach
40% in the next 5 years, and the market penetration will gradually increase.

In today’s robot market, Krund robot-WOW is a new-emerging force of service
robot. It can do various interaction with family members through face recognition,
sound source localization and voiceprint recognition. At the same time, it can learn
independently through the Internet and improve its performance. It also has detection
function. Sensors such as temperature, humidity and PM2.5 in the body of the robot
can monitor the environment at home in real time, detect whether the elderly fall down
and the children are safe, and monitor the situation at home in all aspects. Users can use
simple voice passwords to control existing domestic appliances.

ZIB-1S is a dark horse in the field of Companion Robot. It is the first smart robot in
China to categorize children’s company market. It is especially for children’s growth
and companionship that each function is subdivided. In order to protect children’s
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hearing, a volume adjustment test was conducted. Radiation is prevented to protect
children’s health through screen-less design and touch dialogue details.

Buddy is positioned as a family emotional social robot, mainly for young people
and the elderly. It is equipped with cameras, voice recognition and face recognition to
handle daily household affairs and monitor home security. Drug reminder and drop
detection functions are designed for elderly users while nursery rhyme player is
designed for children.

AIBO ERS-1000 has advanced and special learning and growth capabilities.
Equipped with SONY self-developed ultra-small 1-axis and 2-axis actuators. AIBO has
22 degrees of freedom on its body. At the same time, through fisheye cameras and
different sensors, AIBO can recognize and analyze images and sounds, and can respond
to the host’s voice, and recognize the host’s smile and praise. Remember the actions
that can make the host happy, etc.

From the point of view of the current application situation, a comprehensive
comparison of these representative companion robots is completed (Table 1).

Table 1. Characteristics of present Companion Robots.

Name Type Use scenario Characteristics Disadvantages

Krund
robot-
WOW

Service
robots

At home, banks,
kindergartens,
restaurants,
supermarkets

Face recognition, sound source
localization and voiceprint
recognition, interaction, self-
learning. Temperature, humidity,
PM2.5 sensor in it. Monitoring
the family environment. Voice
control

Large and tall

ZIB-1S Companion
Robot

At home Online education, Human-
computer interaction and Special
features. In order to protect
children’s hearing, a volume
adjustment test was conducted.
Radiation is prevented to protect
children’s health through screen-
less design and touch dialogue
details

Static and Not
vivid

Buddy Family
emotional
social robot

At home It is equipped with cameras, voice
recognition and face recognition
to handle daily household affairs
and monitor home security

Less content for
children

AIBO
ERS-
1000

Pet robot At home Equipped with SONY self-
developed ultra-small 1-axis and
2-axis actuators. AIBO has 22
degrees of freedom on its body.
At the same time, through fisheye
cameras and different sensors,
AIBO can recognize and analyze
images and sounds, and can
respond to the host’s voice, and
recognize the host’s smile and
praise. Remember the actions that
can make the host happy, etc

Realistic image
makes people lack
imagination. No
screen
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Summarize their advantages and disadvantages, learn from their strengths and make
up for their weaknesses. Companion Robot for children should be considered in such
aspects as appropriate size, interesting, functional design for children, modelling that
can meet contemporary aesthetics and stimulate purchase.

3 Research Method and Procedure

Firstly, by using literature research method, through reading and referring to many
literatures of high quality from international conferences and journals, the research
status of Companion Robot is comprehensively understood, which lays a foundation
for the research of the design concept of Companion Robot.

Secondly, the qualitative analysis method is used target the user group through
investigation and observation. And do in-depth research around the target group of
products. Because the target group of this study is children aged between 0–6 years old,
and the target consumer group is parents of post-80s and post-90s. Through careful
observation of their behavior, life style, habits, pain points, income level, consumption
ability, aesthetic needs and so on, the follow-up construction of design concepts is
gradually established.

Subsequently, using morphological analysis method, in the definition of shape, a
large number of existing children’s products and consumer goods with high sales on
the market are collected, their main elements and characteristics are analyzed and
summarized, these products are divided into several categories by morphological
analysis method, and then through in-depth interviews, questionnaires and other
methods to summarize the shape suitable for the target group.

Then, by collecting a large amount of data, the performance characteristics of each
material are compared, and the human-machine dimensions of the target group are
collected, and the materials and sizes corresponding to the target group are defined.

Finally, the design concept and criteria of Companion Robot for children are
summarized, and the design practice of this study is guided by the previous research
results and methods.

4 Research Outcome and Practical Design

4.1 Research Process

This study first understands the current situation and application fields and scope of AI
technology which is becoming more and more mature nowadays. Secondly, the
existing academic research and market application in the field of robotics are compared.
The design concept and criteria of Companion Robot for children based on AI are
proposed, including user targeting, function definition, material selection, modeling
definition and ergonomics application, and finally the design practice under its guid-
ance is presented.

SHAUN—A Companion Robot for Children Based on Artificial Intelligence 105



4.2 User Targeting

Bill Gates once said, “Robots, ubiquitous screens, voice interaction, all of these will
change the way we look at computers.” In short, robots will change our world in the
future. The degree of segmentation of the robot market depends on the diversity of user
needs. UX has always been an important basis for the market in the robotic segment
market. If the user experience is good, the market will be good.

Children Aged 0 to 6. This research is aimed at the design of Companion Robot for
preschool students of 0–6 years old. It is found that children learn things most quickly
during this period. As a partner at home, Companion Robot needs to create an
imperceptible learning environment to help children develop the ability of adapting to
the society and developing their independence, and also act as a little assistant to take
care of their safety.

0–3 years old is the initial stage of human beings. Regarding their language,
thought, behavior, balance of limbs and other aspects, they are in the shaping stage. At
this time, game is the main activity. 2–3 years old is also the key period of children’s
oral development. They become very fond of speaking, and their vocabulary increases
rapidly. They can express their ideas with simple compound sentences. They can also
understand commonly used simple sentences. Their listening and speaking abilities are
basically formed. During this period, children will pay attention to and be interested in
bright colors, voices and moving things, which can make them familiar with the
environment and participate in activities. Many interior changes of three-year-old child
emerge gradually. Memory and ideological activities are produced in direct contact
with things. At the same time, children will begin to try to imitate and repeat, it is in the
repeated interaction of the object, combined with the development of language and
action at the same time, that leads to the gradual understanding of the simple rela-
tionship of things and generation of imagination.

After the initial stage, children would gradually begin to be independent, they would
learn to take care of themselves, but they are slow, clumsy, and still need help. Let’s call
this period developing period. During this period, children are emotionally unstable,
they tend to be affected by the environment. 3–6 years old is exactly the golden period of
children’s growth and development. Children’s mastery of vocabulary has made the
fastest progress in this period, and their language ability has developed rapidly. With the
rapid development of intelligence, children’s personality can form. When children of
this age see something interesting, they approach it actively, observe it carefully, touch
it, and explore its mysteries. At the same time, we begin to understand the attributes of
things around us, such as size, color, length, number, simple shape and so on. The
understanding of things is more specific and can only be relied on.

Customer. Companion robots are aimed at the user group of children, but consumers
are their parents. At present, the mothers and fathers of children aged 0 to 6 are
basically after 80 and 90. They pay more attention to the quality of life and have higher
demands in aesthetics and user experience. And in the peak period of career, the level
of economic income is continuously rising, and the potential consumption capacity is
huge. According to Roy Nielsen’s latest consumer confidence index survey, the
average monthly income of consumers in the 1980s and 1990s was 3,111 yuan, which
was higher than the average of 3,022 yuan.
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Compared with people in the 1970s and 1980s, the post-1980s are more casual and
have more unplanned shopping. They tend to rely on all sectors of society and choose
friends with common values as their social circles.

Function Definition. With the increasing pressure of life, parents tend to use smart
devices such as mobile phones and iPads to let their children learn. However, with the
development of the Internet and the flood of information, children who lack the ability
of discrimination and self-management become more and more addicted to them.
Companion robots can just overcome this problem and become a kind of novel edu-
cation method which is suitable for contemporary children. Based on the application of
AI technology, it can realize a diversified learning method with multiple mediums,
including games, stories, music, etc. so that children can learn knowledge in a relaxing
atmosphere.

The prime demand of parents on Companion Robot is education. Preschool chil-
dren are not fully developed psychologically and physiologically. Parents are also at
the peak of their careers. They can’t take care of their children in person for a long time.
Under such circumstance, it is necessary for robots to use the rich resources on the
Internet instead of parents for heuristic education. Children begin to perceive the world
around them and are more sensitive to color and shape. Therefore, they need to provide
a great number of picture books for recognizing color and articles. At this time,
children’s language ability is also beginning to take shape, which is the best time for
language exercises. Therefore, companion robots need to communicate with children
bilingually to increase their vocabulary and improve their memory.

The second is companionship. Children’s companions will influence their behavior
and personality in the future. Having good interaction objects will bring them a positive
environment. Because children of this age like to touch things, compared with previous
robots, it would be way better if Companion Robot for children can let them ride on it.
Children can climb up the body of the robot and “ride” at home, so the robot have to
own a larger body shape, a stable seat, and intelligent body sensors which can also
provide touch feedback. Robots should also be equipped with interactive projection to
protect children’s eyes and reduce direct use on the display screen. To increase the
authenticity of interaction, robots with high-definition cameras and touchable screens
can follow children around at home and become good partners.

Considering that children of this age are not separated from their parents, they need
to be looked after by their guardians, but they also need to be given independent space.
At the same time, parents are also at work, do not know the status of children at home,
so companion robots should also be equipped with surveillance cameras, microphones,
and speakers, so that parents who are not around their children can clearly understand
their every single move and communicate with them in real time, improving the
flexibility of their work and life.

It has a preinstalled patrol function. It can map the structure of the home simul-
taneously, route automatically and interact with children or adults. It stops [7] when
people are close to the path of the robot.

In terms of endurance, as a free-moving robot at home, it should have the function
of wireless charging. when it detects that the battery is low, it will return to the charging
base and charge itself (Fig. 1).
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4.3 Material Selection

In the selection of materials, we should meet the functional requirements of the robot,
and consider the safety, load-bearing, environmental protection and other aspects of
children. Generally, smooth and flat, environmentally friendly, 3C certified materials
should be considered first, and we should also pay attention to fire prevention and so
on. After comparison, ABS plastic is selected as the main materials. It is a copolymer
of acrylonitrile, butadiene, and styrene. It has the characteristics of chemical resistance,
high dyeability, high strength, good toughness, high impact strength, water resistance,
inorganic salts, alkali and acid resistance, insoluble in most alcohols and hydrocarbon
solvents, and excellent comprehensive performance. It is an ideal material for com-
panion robots.

4.4 Ergonomics

The dimension design of Companion Robot for children needs to consider various
users, including children learning to crawl, children who can walk, and adults at home.

When children use the robot, the height is lower than that of the robot’s head,
which will show a state of looking up to observe the robot’s facial expression.
Therefore, in order to prevent children from feeling fatigue, the head height is set at
about 500–600 mm.

When a child is a little older than one or two years old, he can ride on a robot and
play with it. Referring to the size of some mature Trojan products on the market, and
considering the safety of children, the height range of his back should be set at about
300–400 mm.

Fig. 1. Function diagram
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At the same time, as the main interactive medium of the robot, the size of the
display screen is also of great importance. Taking into consideration of both the display
effect and proportion, the face diameter is set at about 150–250 mm.

Firstly, the overall design semantic of Companion Robot for children should
conform to the special target group of children, and use more round shapes to ensure
safety and enhance the affinity of the robot, while using fewer square shapes with sharp
edges and corners. Secondly, to meet the market demand, the design style needs to be
concise and fashionable, with a geometric shape as the main body, mellow and lovely
and in line with modern aesthetics.

4.5 Design Practice

Based on the design concept of companion robot proposed in this study, a new type of
companion robot, Shaun, is designed based on AI technology. Shaun’s black, round
head with two handles on both sides is like a sheep’s blackface. Its body is white. It has
a round curve like a head. It’s like a sheep’s fat body. Its limbs and legs are oval. It can
reduce unnecessary harm to children. The wheels used to move are hidden at the end of
the limbs.

Shaun is aimed at children’s daily companionship and children’s education. It has
such basic functions as object recognition, face recognition, riding, interactive pro-
jection, automatic follow-up, AI communication, video, touch feedback, calling,
automatic charging, remote control and so on.

The robot is about 60 cm high, the back is about 30 cm high, with round and
intimate appearance. The head can rotate around 90°, the legs can rotate for up to 40°,
reflecting its loveliness and flexibility and has a authentic sense of interaction with
children. In order to achieve its rich functions, hardware is equipped with wheels,
speakers, projectors, cameras, screens, LED lights, microphones, keys, as well as light,
temperature, humidity, location, touch sensors to meet the children’s entertainment,
education, language environment, child care, growth records and other needs (Fig. 2).

Shaun also has his own wake-up password. When parents or children call “Hey
Shaun”, Shaun will be waked up and come to you to listen to your next command. It
can identify different family members, store memories of relatives and friends, and
follow designated members. Shaun can communicate with children in simple words.
Children can ask questions like “How far is the Earth to the Moon?” Through the
application of AI technology, Shaun can recognize the object in front of him through a
camera mounted on his face, such as an apple in his hand. Shaun will tell the child that
it is an apple. Children can climb up onto Shaun’s body while playing. The antiskid
rubber on the back increases friction and prevents falling. When weight sensor on
Shaun’s back detects gravity, it switches to cycling mode. The pedals on both sides
stretch out, the driving speed drops back, and children will route Shaun to enjoy riding
on horseback. For parents, the high-definition touch screen on Shaun’s face can set up
the robot. By default, the screen is Shaun’s eyes. After touching, it enters the operation
page. At the same time, parents can use the mobile app to control it. For example, you
can view the activities of your children through the camera, or you can chat with your
children via video. This can alleviate the anxiety that parents can’t accompany their
children. Shaun can also take photos or videos to record the moments of family life.
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In addition, Shaun can automatically do wireless charging through SLAM tech-
nology. In the tail, a wireless charging receiving coil is installed to connect the internal
charging battery, and inside the wall at home, a wireless charging transmitting coil is
installed to provide the power supply. When the robot senses that the power is
insufficient, it will reserve the return power to find the charging base. When Shaun’s
tail touches the charging base, it can be charged.

The following table shows the main functions for each age group (Table 2):

Fig. 2. Hardware distribution diagram

Table 2. The main functions of each age group:

Functions 1 year old 2 years old 3 years old 4–5 years old 5–6 years old Parent

Object cognition • •

Color cognition • •

Digital cognition •

Interactive projection • • •

Relationships cognition •

Bilingual interaction • •

Reading and writing training •

Read a story • • • •

Sing a song • • • •

Arithmetic training • •

Learning English • •

Develop a habit • • •

Play a game • • • • •

Riding • • •

Video chat • • • •

Security monitoring •

Take a photo •
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See the ergonomics diagrams below (Figs. 3, 4, 5, 6, 7 and 8):

Fig. 3. Ergonomics diagram (Face-to-face) for children below 3 years old

Fig. 4. Ergonomics diagram (Face-to-face) for children aged 3 to 6

Fig. 5. Ergonomics diagram (Face-to-face) for adults
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Fig. 6. Ergonomics diagram (Riding) for children

Fig. 7. Ergonomics diagram (Gripping) for children
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5 Conclusion

Owing to the rapid development of AI technology, Companion Robot for children is a
hot research topic at present, which involves a lot of knowledge in science and tech-
nology. From shape to function to material, the characteristics of children are supposed
to be considered in every step.

Based on AI technology and the current status of the mainstream consumer groups,
this research systematically puts forward design concepts and guidelines for the design
of companion robot from the aspects of user targeting, function definition, material
definition, and ergonomics. In terms of dimension, the size of larger service robots and
the one of smaller desktop robots on the market are averaged in order to meet more
abundant human-computer interaction needs. Different from most of the stationary
desktop children’s education robots nowadays, a new size is defined. In terms of
function, combined with AI technology, some interesting functions that companion
robots should have been proposed heuristically, especially the novel interactive mode
of riding, which has not appeared in the market at present. Designers can adopt some of
the concepts and guidelines to instruct the design of companion robot in the future
according to the specific needs and the design background at that time. This research
can make the design and orientation of companion robot clearer.

There are still some shortcomings in this study. The threshold of companion robot
is not technology, but the content it can provide and the way it interacts with children
and parents. The emotional interaction between robots and children is an integral but
difficult point. In the follow-up study, we will continue to do in-depth discussion in this
area. Let companion robots implicitly help children develop good habits, good men-
tality, and make education more interesting and diverse. But the significance of this

Fig. 8. Ergonomics diagram (Standing) for all ages
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study is to put forward design concepts and guidelines so that companion robots can
truly enter our lives and become good partners of children and good assistants of
parents and teachers. It still has guiding effect for the future design of companion robot
and improves the quality of design results.
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Abstract. The article presents the analysis of two systems of participatory
design that allow to understand collaborative learning as a method of creating
strategies and products. Two methodologies are described in order to discuss the
possibilities and challenges of its application. The text begins by defining a user
experience methodology designed to create with the participation of the user and
continues with the definition of Design Thinking, which enhances empathy with
the user through active techniques and a proficiency created to enhance the
participation of people through the game Gamification. For this, the theoretical
basis of each of the systems has been taken into account, the two Frameworks
on which they are based on are compared and the design of the sessions with
consumers is used as a starting point. It shows a first approximation of the
comparison of the two systems through the sample of frameworks in study that
mixes the user experience with Gamification. Through this analysis, it is
affirmed that the emotional behavior of the user is key to define strategies and
products, therefore, it must be designed for the user with the user.

Keywords: Design thinking � Gamification � User centered design �
Constructivism paradigm � Creativity � User experience

1 Introduction

The user-centered design is a philosophy that allows the user to be part of the devel-
opment process, providing motivations, needs and desires during all its stages. The
methods used today in which they require this participation, are based mainly on
projective techniques [1]. This type of techniques allow emotional connection with the
user and active participation in the session. For this, a constructivist paradigm is used
[2], leaving all the protagonism to the user and allowing him to build his own thought.
The study shown below is based on the analysis of two systems that allow us to work
with the emotions of the users who participate in the session and therefore promote a
participatory design.
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On the one hand, Design Thinking is a methodology that is normally applied in the
creation of new products or strategies. On the other hand is Gamification which can be
applied in any development or creation process that requires a solution or measurable
result with the introduction of a playful attitude [3–5]. In both, it must be based on a
working hypothesis and some insights or project objectives. The aim of this study is to
analyze the two methodologies, their definitions, phases and objectives, so that their
similarities and differences are understood in order to understand which Gamification
frameworks are centered on the user and how they apply it.

2 Theoretical Framework

The theoretical framework includes a brief description of the two methodologies used
in the study: Gamification and Design thinking, and the two systems in which they are
related: participatory design and the constructivist paradigm.

The Gamification [6] is a methodology that is defined as the application of game
strategies in non-recreational environments [7]. In 2008, the term was used for the first
time, although several documents indicate the use of this system previously by creating
several games that were born as a reflection of real life. Nick Pelling in 2002 was the
first to use the term as such, but it is not until 2010 that it is disseminated more
extensively.

Of the many definitions of the term, it is work with those that are based on the
design of the system [8], that is, with those that link the implementation of
elements/game components with the requirements or aims to be taken into account in
the system. The definition of the method is based in mind by means of three compo-
nents described by the authors Hunike, Leblanc and Zubec in 2004, the MDA [9]:
(M) Mechanics, (D) Dynamics and (A) Aesthetics. Mechanics as rules that define the
game system, Dynamics as the relation of the interaction that is established between the
system and the users and Aesthetics as the perceptions of the users during the session.

The Design thinking [10] is a methodology that was started, in the case of Gam-
ification in 2008, but it wasn’t until in 2009 Tim Brown of IDEO in his book Change
by Design [11] that popularized the term. It is a methodology that focuses processes on
people and is used mainly to create/define strategies, products or services, so that
creativity is enhanced. The participants can be multidisciplinary profiles involved in the
proposal allowing them to work in a transversal way.

The two methodologies are based on a participatory design [12] that promotes the
active participation of multidisciplinary teams focused on the product to be created or
evaluated. In this, it is tried to validate that all the profiles are covered and have
contributed their needs and motivations as an important part of the creation process.
For this, the constructivist paradigm that conceives knowledge can be used [13] as a
construction of the user.
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3 Design Frameworks

In the case of Gamification there is no consensus among the authors and it works using
different frameworks. Normally, large companies or professionals have published their
frameworks and the rest of the community uses them, although there is no record of
which is the most used. Below are some of the most commonly used and known
frameworks in the field.

3.1 Gamification Design Framework

Gamification Design Framework de Andrej Marczewski
The Gamification design framework is based on establishing the necessary processes to
be able to create a gamified system [14] (see Fig. 1).

This framework starts from the definition of three components that will be the basis
on which the whole system will be built: The definition of the problem, the definition of
the users and the definition of the objectives. Within these axes the rest of the elements
are included, such as the level of immersion (Discovery/On-boarding/Immersion/
Mastery/Replay), the definition of the mechanics that will modify the behaviors,
motivators and emotions, and finally, the activities what the users will have to do, as
well as the feedback that will be received.

In this type of system, importance is given to three phases: discovery, design and
redefine. In the first phase, the problem or aims are defined, the users who will be part
of the session and the register of success. In the second phase, the session is designed
taking into account the possible motivations and the applicable game mechanics. The
final phase works on the actions to act or to give feedback and then, in an iterative way,

Fig. 1. Gamification design framework overview [14]

Design Thinking and Gamification: User Centered Methodologies 117



the necessary improvements can be made. Therefore, we work in a sequential process
but iteration is applied when necessary.

Gamification Model Canvas Framework
The Gamification Model Canvas Framework was developed by Sergio Jiménez from
the MDS framework and the Business Model Canvas by Alex Osterwalder [15].

Like its model the Business Model Canvas (see Fig. 2), this framework bases its
structure on the different elements based on when designing a gamified system.
Although it takes users into account, it is not a framework centered on the user itself, so
it is subsequently redesigned.

The new framework [16] is based on the evolution of Sergio Jiménez’s Gamification
Model Canvas [17]. In this case, it is worked on the creation of an intrinsic motivation
framework for users, the FBM (Fogg Behavior Model). On the one hand, the profiles
are analyzed from a difficulty level point of view. In the next step, the types of
motivators in which to work with the users are analyzed, and finally the dynamics to be
performed are selected. In the following figure (see Fig. 3) the diagram can be
visualized.

Gamification Project Design Framework
The framework shown below (see Fig. 4) is based on the process carried out in projects
[18]. In the first phase of the process, the objectives of the project are indicated and it is
decided if it is appropriate or not to apply Gamification, information is sought about the
company for which it is going to work and finally, the target is decided from a possible
point of view of the behavior of the user according to certain actions. In the second
phase the possible motivators are defined according to what has been studied and
decided in the previous phase. In the final phase, the prototype is created and tested
with users, it is produced. Moreover, it is still being tested and once the project is
delivered, it will be reviewed and possible errors will be solved.

Fig. 2. Gamification Model Canvas by Sergio Jiménez
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Fun Experience Design Framework
The Fun Experience Design methodology (FED) is an iterative Gamification
methodology developed by Emiliano Labrador and Eva Villegas [19] which consists of
four phases. One regarding the knowledge of the users to which the system is directed

Fig. 3. Gamification Model Canvas Framework [16]

Fig. 4. How to run a successful gamification project [18]

Design Thinking and Gamification: User Centered Methodologies 119



to gamify through surveys or other means, one of design, one of implementation and
new data collection and lastly, a redesign phase where those mechanics that have not
worked well are adjusted or improved (see Fig. 5) [4, 5, 20].

3.2 Design Thinking Framework

Design thinking is a methodology that has a unique framework that responds to the
evaluation processes necessary to carry out the application of the methodology. Below
is the Design thinking framework of Norman Nielsen Group [14]. The methodological
process to be followed is indicated: empathize, define, ideate, prototype, test, and
implement (see Fig. 6). The first two phases allow us to know more closely the user
profiles and identify any point to be taken into account during the session, they are
included in the Understand phase. In the next two phases, that of Ideate and Prototype,
the first results associated with the project in which one is working within the
Exploration phase begin to be given. The next two phases, those of test and imple-
mentation, allow the results to be materialized.

The phases are worked sequentially, but iterating among them as the results of the
project require it.

3.3 Comparative

Based on the definitions above, it can be determined that both Design thinking and
Gamification use systems based on sequential work processes, but giving consultants
the freedom to adapt each of the steps to the needs of the project and according to the
results of the projects in previous steps, it can be agreed on that they take into account

Fig. 5. Framework of four steps of Fun Experience Design methodology
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the user, although in different measures where the main objective of the process, the
work through the motivators of user behavior is a key point that must always be taken
into account. For this, the user profile, the project objective and the insights to be
achieved are worked on in the initial phase, which the two methodologies define as the
discovery phase. Once the parameters are established, the design and development
phase of the process is continued. The exploration phase of the design produced, once
there is a defined based on the needs and desires of the users is finalized with a phase of
evaluation or testing [21]. This is possibly the most iterative of all since it depends on a
large extent on the results of the tests and the opinions of the users. Below is a
comparative table of the three phases defined in each of the methodologies (Table 1).

Although all Gamification frameworks have a similar structure, and in turn are
somewhat similar to the Design thinking framework, some differences have been
observed, as it can be seen in Table 2.

Fig. 6. Design thinking, Norman Nielsen Group

Table 1. Comparison of the phases of the two frameworks

Gamification design framework Design thinking framework

Discovery Understand
Design Explore
Redesign Materialize
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All the frameworks take into account the users whom they call Players, since they
define their characteristics not by the traditional demographic and social parameters but
by their behavior in a playful environment [22, 23]. However, not all of them define or
treat them equally, and above all, they do not explicitly indicate how this information
can be obtained. For this, it is not clear what has to be done to have knowledge of one
of its central pillars.

In addition, almost none of them explicitly defines the testing phase. This has also
been observed in numerous success stories that can be found in the literature, where all
the phases of the design and implementation of a gamified system are explained, except
for its testing. Thus, a lack of documentation in gamified systems has been detected in a
key phase of Design thinking, which turns it into an iterative methodology based on the
results of the project.

4 Conclusions

In conclusion, the purpose of the study is to identify the common and divergent points,
strengths and weaknesses of two systems that enhance the participatory design. The
main point of the two is to situate the user as the key to be able to make a successful
design. All frameworks make it clear that it is essential to know who you are designing
for, their needs, motivations and above all their behavior. However, a greater consensus
is lacking in allowing users to be those who, through their knowledge or action,
provide a very real vision of design. Being normally multidisciplinary work teams that
develop these systems, the opinions, needs and desires are identified and work from
several points of view.

Constructivist psychology helps to understand how people get involved in user
experience processes. To do this, the new methodologies shown, that are still in the
study phase, enhance user participation through explicit knowledge of the profiles and a
session design based on the results obtained. This knowledge should be generated in
every design, and therefore all frameworks should incorporate it and also indicate how
to obtain this data.

Table 2. Design thinking framework, Gamifications frameworks, and new framework

Design
thinking
framework

Andrej
Marczewski
Framework

Gamification
Model
Canvas

Gamification
Project
Design
Framework

Fun
Experience
Design

Empathize X X
Define X X X X X
Ideate X X X X X
Prototype X X X
Test X X X
Implement X X X X X
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Gamification is an axis that enhances emotional behavior. The user experience is a
philosophy of rigor in the collection of data and evaluation of results. The results of the
projects that are made through the union of these systems can be used as systems that
enhance the emotions and creativity of users, allowing designs to be created from the
needs and desires.

As a future line, it will be worked on the detail of knowing in depth the emotional
behavior of the user, the time of attention during the session and the empathy of the
facilitator with the participants through the analysis of: number of items that are
extracted, quality of ideas based on the aim and intervention times. All this by creating
a single session target with two different user groups. Intergroup and intragroup.
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Abstract. In the context of an academic subject, students and teachers acquire
knowledge and experience, but we must ensure that this experience will be
shared and managed. In this way, the learning, acquired in the subject, remains
in the subject. A proven way to manage the experience, which has been vali-
dated in previous works, is based on considering two dimensions: the conver-
sion of individual knowledge into organizational and the use of a knowledge
management system that allows classifying, organizing and finding knowledge
based on ontologies and inferences between them. The primary objective of this
research work is to join the two dimensions and apply an active method to
manage the experience acquired by the teaching staff and students. The com-
bination of the models RT-CICLO, as an active method, and ACCI 3.0 to
transform individual and organizational knowledge can be applied so that
organizational knowledge and learning are produced in a subject. In this work
we have identified the actions in which the students create knowledge, as well as
the type of knowledge that is created in each case. Organizational knowledge
can be generated from each action, which can also be used to promote individual
student learning. In the experience also have been acquired a high perception of
usefulness on the part of students with regard to all types of organizational
knowledge created.

Keywords: Active methodologies � Collaborative learning �
Knowledge spiral � Knowledge management system

1 Introduction

In the industry, mainly Japanese, the fact that learning takes place through the inter-
action of workers has been studied, and that learning must be saved and managed
within the organization to improve it [1, 2]. But for the learning to take place in the
organization, it is necessary a set of phases of interaction between the implicit
knowledge of a person (e.g., their experience) and explicit knowledge (e.g., a technical
report that they have made). So, there is a knowledge spiral, called, epistemological
spiral [2] that is based on the following phases:
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• Acquisition of knowledge, it can come from two types of interaction:
– Exchanging implicit knowledge of several people through socialization between

them. This phase is called Socialization.
– Acquisitioning knowledge from the existing implicit knowledge. It is the phase

called Internalization.
• Externalization of knowledge. In this phase the person who has acquired knowledge

must externalize it. Thus, the person should not keep it, he should transfer it through
external support that can be distributed within the organization, even in the absence
of that person. This phase is called Externalization.

• Combination of explicit knowledge. When there is sufficient explicit knowledge in
the organization, mainly produced by its members, it can be combined to produce
new knowledge. To get this combination, it’s necessary to identify, classify and
facilitate the transfer of knowledge wherever it is needed. This phase is called
Combination.

On the other hand, in the traditional academic teaching, the two main actors are the
students and the teachers. The learning that occurs in the subject traditionally affects the
students, but also in the teaching staff, since as they work on the subject increases their
academic and teaching experience.

Thus, students and teachers learn through the acquisition of knowledge, skills and
abilities. If the faculty continues to teach their subject, the experience gained impacts it,
improving it. However, when students finish the course, this does not affect the learning
acquired in the same since they leave.

In the context of an academic subject, the students and teachers acquire knowledge
and experience, but you have to get this experience is shared and managed. The most
suitable methodologies for the students to participate, cooperate and share are the active
methodologies [3–7].

Numerous authors emphasize that active methodologies produce greater learning in
students [8]. Authors, considered as historical, indicate that students learn more “do-
ing” than “listening” [9, 10], the learning must begin with the active participation of the
students and, also, this active participation must be doing continually [6]. Some
characteristics of the active participation of students are action-reflection [11], coop-
eration [12], work with real problems [13], decision-making [11], and the creation of
knowledge [14].

Likewise, it has been shown that the creation of knowledge itself requires high
cognitive abilities on the part of the author, so their level of learning is higher than if
they did not create knowledge [3]. On the other hand, the creation of knowledge by
students can have different levels of certainty. For this reason, the feedback provided by
the teachers to the students who create the knowledge is a key factor for learning occurs
in the students, and this feedback should be as immediate as possible after the creation
of that knowledge [15].

The main objective of this work is to apply the concept of organizational learning to
academic subjects of the university context. For this, the student is considered a
member of the organization that can learn and create. For the part of the organization
must improve the learning of its members and, for this; it should promote the creation
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of individual and group knowledge, as well as the management of the same, so that
impact both the organization and the own individual.

To get this main objective, it must be met these four objectives:

• Having a conceptual model that considers a subject as an organization that learns.
• Identifying the actions of the students that together with the actions of teachers can

produce organizational knowledge.
• Identifying the types of organizational knowledge produced.
• Studying the perceptions of students on the utility for your learning of the different

types of organizational knowledge.

The following sections will present the theoretical model on which this proposal is
based, the research context that includes the measurement tools, as well as the results
obtained, to end with the conclusions.

2 Theoretical Model

The initial theoretical model is based on the model proposed by Nonaka for an orga-
nization to carry out learning, this is called epistemological spiral [2]. The first step is
based on correlating the different phases of this spiral with a traditional educational
model. In this way, the feasibility of applying the model and the actions it carries can
be analyzed.

The equivalence between the phases of the epistemological spiral and an educa-
tional model are those:

• Socialization. During the face to face classes, socialization takes place due to the
interaction between the teachers and the students. This type of socialization can be
weak (the lecturer holds a master class and the student is passive person) or strong
(students and teachers participate in the class actively).

• Internalization. It occurs when the students study the notes that have taken per-
sonally during the lecture or with another teaching resource provided by the faculty,
like notes or recommended books.

• Externalization. This phase is unusual among students because traditional methods
don’t promote the active participation of students, and don’t generate teaching
resources. In spite of that, there are numerous authors who point out the conve-
nience of the students to create knowledge, as a method to improve their own
learning. For example, the elaboration of notes by the students during the master
class is an explicit sample of knowledge.

• Combination. During this phase the students does a specific academic activity
individually. They usually combine explicit knowledge from different sources: their
own knowledge, the knowledge of other classmates and that of the teaching staff.
For example, in an exam they use the notes that they themselves have taken (ex-
plicit since they have generated it themselves), but they will also use notes of other
classmates and those of the teaching staff.

From this relationship you can design the characteristics that the model must have
in order to allow the subject “learn”, that is, to increase organizational knowledge.
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Figure 1 shows those characteristics that are described below. The socialization
phase is very common in educational models. Socialization is weak if the methodology
used is passive on the part of the students (for example, a master lesson) and is strong if
it is based on an active methodology where the students participate actively in their
learning process. Therefore, a first requirement to apply this model is that the
methodology must be active (Fig. 1a).

The internalization phase usually occurs in the students, because they usually
perform academic activities, such as preparing an exam, through explicit knowledge.

In the externalization phase it looks that both students and teachers transform tacit
knowledge into implicit knowledge. In order to create organizational learning to occur,
the members of the organization must externalize and share their knowledge. There-
fore, the model used should motivate students and teachers to make explicit and share
their experience. See Fig. 1b and c.

The combination phase is essential to do organizational learning. It is based on
combining the experience of the students, which they previously shared, with the
experience of the teaching staff. For that, we must be a tool that allows this combination
of knowledge to be carried out at the time and place where such knowledge is pro-
duced. The combined knowledge is part of the subject, but this can also be used by
teachers and students in their individual learning. See Fig. 1d.

Thus, the model should be based on active methodologies; this should encourage
the creation and sharing of knowledge by students and teachers. And it should allow
the combination of knowledge of students and teachers in real time.

In previous research, there have been various models that individually give support
to these identified characteristics. The RT-CICLO model [16] supports the features

Fig. 1. Characteristics of the proposed model
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defined in Fig. 1a, b and c and the ACCI 3.0 model [17] supports those described in
Fig. 1d. These models are explained below.

2.1 Model RT-CYCLE for Strong Socialization, Creation and Sharing
of Knowledge by Students and Teachers

It is based on the fact that students participate actively in the learning process. It would
be enough to apply a methodology considered as active, such as Flipped Classroom
[18], Project Based Learning (PBL) [19], Gamification [20], or Game Based Learning
(GBL) [21].

All of these methodologies have some characteristic processes and procedures that
should be applied during the development of the subject. In this work we have used our
own model called RT-CICLO (Fig. 2), this uses the basic characteristics of different
theories, models and methods of active learning. This model is characterized because it
is very simple and can be used punctually or continuously in the development of a
subject. For example, you can use it during a 10 min master class or continue in a set of
class.

The model, described in Fig. 2, is based on five actions grouped into four phases, as
follows:

• Phase 1. Action-reflection. This set of actions aims to provide a minimum but
necessary knowledge (micro-lesson) that guides students in the performance of a
specific task. This task is a micro individual or group work, where you must make a
reflection and decision making.

Fig. 2. Model RT-CICLO
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• Phase 2. Creation of evidence. The evidence is the result of the task, which may be
right or wrong. The result must be make explicit and shared online. If the result has
been correct, it is considered as evidence that the student has acquired positive
learning. If the result has been incorrect, it has also acquired learning because one
learns from your own mistakes (as long as they are corrected).

• Phase 3 - Feedback. In this phase the teacher selects results that are correct and
others that are incorrect. The objective is to improve the learning produced in the
previous phase. When feedback is given on a correct result, all students learn from
it. The same happens when you make a feedback of the wrong result, all the
students will learn, because you are showing an error and how to correct it. This
phase gives knowledge to all the students and the learning will improve greater
variety of correct or incorrect results. The feedback can be done by the teachers or
the students. In any case, the faculty must coordinate the process, selecting the
results with which they will work and managing the time.

• Phase 4 - Knowledge creation. This phase is based on the students and teachers
make explicit the knowledge acquired in the previous phases and sharing it.

2.2 Model ACCI 3.0 to Combine Knowledge Generated by Teachers
and Students in Real Time

This model ACCI 3.0 (Active Cooperative Collective Intelligence) consists of two
parts. On the one hand, the functional theoretical model (Fig. 3) and, on the other hand,
software developed to support this functional theoretical model (Fig. 4). Initially, the
model was based on a social network [22], but due to the difficulty of finding content
within a social network [23], a self-development was carried out. That development
consisted in the programming of a plugin [24] for the content manager WordPress.

The components of the functional theoretical model of Fig. 3 are described below:

• Ontology (Fig. 3a). Set of labels grouped into categories that allow to identify
(know the different types), classify (sort them by various criteria) and organize (the
form that is displayed to users) the explicit knowledge generated.

• Repository (Fig. 3b). Physically stores all explicit knowledge. The repository is
composed of explicit knowledge together with the elements of ontology.

• Inferences between the elements of the ontology (Fig. 3c). The inference makes it
possible to interact between the different elements of the ontology and to relate any
element of the ontology according to the interest of each user and the action that it
wishes to carry out.

• Semantic search (Fig. 3d). Use the inferences between the elements of the ontology
to define a logical expression that has to meet the organizational knowledge sought.
You can do a search by text, but also indicating that it must meet a certain rela-
tionship between the elements of the ontology. For example, you can specify that
you want to search “integration polynomials” and that it meets the characteristics
“that serve to understand the concept” and that also “show an example”.

• Meta-information (Fig. 3e). Meta-information is added to each of explicit knowl-
edge; the meta-information is the relationship of that knowledge with the ontology.
For example, using the previous example, the knowledge “interpolation polyno-
mials” can be associated with the meta-information “explain concept”, “example”,
“2018/19 course”, “Mines degree” and “vector data structure”.
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Fig. 3. Model ACCI 3.0

Fig. 4. Semantic search through inferences between the elements of the ontology

The Neuro-Subject: A Living Entity with Learnability 133



The software developed for this model allows all the functionalities of the theo-
retical model. Figure 4 shows how several of these functionalities are performed.
Figure 4a shows an example of the ontology of Fig. 3a. The ontology is composed of
the following hierarchical elements:

• Group. Represents the context of the application, the figure is the Matlab appli-
cation used in programming laboratories. A group can have “n” elements “Tree”.

• Tree. It represents a classification of explicit knowledge. Figure 4a shows five
classifications: “Activity to be carried out” (academic action for which knowledge is
to be used), “Data structure”, “Sentences” used in the different programs, “Type of
content” and “Numerical operations”. Each explicit knowledge can belong to one to
several Tree, and each Tree includes a set of metadata.

• Branch. They are the different metadata that is associated with each explicit
knowledge. For example, the Tree “Activity to be performed” has the branches
“Understand a concept”, “Exam exercise”, “Proposed exercise” and “Challenge” to
be performed.

Figure 4b indicates a semantic search through inferences between the elements of
the ontology. In this case, search for the text “Interpolating polynomial”. The
knowledge has to serve to “Understand a concept” (about the “interpolating polyno-
mial”), that knowledge uses a sentence “Function” and that the content type is “Guided
theory (Matlab + slides)”, that is, a tutorial. Figure 4c shows the resources found,
which meet the inference and, therefore, serve to their purpose.

The application of this combination of models allows transforming individual
knowledge into corporate knowledge. In previous research, these models were used to
generate organizational knowledge about university educational innovation based on
good practices carried out in different subjects of different universities [25–27].

In this work, we use the combination of models in a specific subject, whose
description is indicated in the next section on the research context. Likewise, identify
the actions and tools that have allowed to create organizational knowledge, the types of
knowledge that have been generated and the perception of the students to use each
class, which will be presented in the results section.

3 Research Context

The research was conducted in the “Computer Science and Programming” subject,
which corresponded to the first academic year of the Energy Engineering and Mine
Engineering degrees. The model was applied during the academic course 2018–19, to
create organizational knowledge during the laboratory sessions of Matlab programming
from the Energy Engineering degree in the first semester. Each laboratory was orga-
nized into 12 sessions lasting 2 h each. In each session, the combination of theoretical
models expressed in the previous phase was applied. This combination was imple-
mented in the 2018–2019 academic year. The organizational knowledge, already cre-
ated in the first semester, was applied to one laboratory group during the second
semester of 2018–2019 of the Mine Engineering degree, to measure the perception of
the usefulness of the organizational learning elements used.
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The RT-CICLO model was used in two ways:

• RT-CICLO Proposed exercise. Around the realization of a proposed exercise,
phases 1, 2 and 4 were carried out in a virtual way (outside the classroom) and
phase 3 in person in the classroom. Each cycle lasted a week.

• RT-CICLO Challenge. Through the challenges (micro-exercises) carried out in the
classroom. All the phases are carried out face-to-face in the same session. The
average duration was 30 min. In each session, one cycle was carried out at least.

The ACCI 3.0 model and the software to manage the knowledge created, was
applied continuously during all the cycles. In real time, the knowledge produced by the
students and the teaching staff was introduced through the software. Based on this
added knowledge, the results that we were obtained are: activities that generate
organizational knowledge and types of corporate contents created during those actions.

During the second semester of the same course, the organizational knowledge
developed was used in the “Computer Science and Programming” subject of the
Energy Engineering degree. A laboratory group of that subject completed a survey on
“Perception of usefulness for learning the different types of elements of organizational
learning”. The qualitative results obtained in this work are presented in the next section.

4 Results

The results of this work have been obtained in the following two scenarios within the
experience:

• In scenario 1 the students, from the laboratories of the first semester, contributed to
create the organizational knowledge (total of 66 students). In this scenario, two
types of indicators have been identified that make it possible to assess organiza-
tional learning: the first indicator consists of identifying in what activities the stu-
dents have generated organizational knowledge, and the second indicator is based
on the types of organizational knowledge created.

• In scenario 2 the students, of the second semester, used the organizational
knowledge of scenario 1 and assessed their perception of the usefulness of this
knowledge in their learning.

4.1 Scenario 1: Identification of Actions that Generate Organizational
Knowledge and the Type of Knowledge

The active methodology based on RT-CICLO got the students involved in the learning
process, generating different types of knowledge through different actions. First, the
actions are identified, and then the typology of knowledge created during the various
actions is presented.

Identification of Actions. Actions have been of two types: voluntary (in these stu-
dents have created knowledge spontaneously and unplanned) and involuntary (in these
students have created knowledge from the realization of processes planned by the
teachers).
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Likewise, the contexts where this knowledge has been generated have been taken
into account, distinguishing two meanings: during the classroom sessions and outside
of them (e.g., at home). Taking into account the type of action and the context where it
occurred, the shares are distributed as shown in Table 1.

The first column of Table 1 represents the type of action carried out by the students.
Voluntary actions (second row) are those that are generated spontaneously by students.
The involuntary ones (third row) are those created by the application of the model or by
the results of mandatory actions (for example, doing an exercise in class).

The second column includes the voluntary and involuntary actions that arise during
the teaching of a face-to-face class in the classroom. These actions generate organi-
zational knowledge in real time and synchronously. The third column includes vol-
untary and involuntary actions that arise outside the classroom. The organizational
knowledge created by these actions is carried out asynchronously and for a determined
period.

The actions that produced organizational knowledge were the following, to facil-
itate the placement are assigned a letter A (Voluntary), B (Involuntary) and a number
(1) Inside the classroom and (2) Outside the classroom.

A1. The two most common actions were the doubts expressed by the students
during the face-to-face sessions and the responses of the students themselves or of the
teachers.

A2. The most common action was attendance at face-to-face tutorials in the office of
the faculty, where the students also raise questions and answers are given only by the
faculty.

B1. Two common actions stand out:

• The application of RT-CICLO during a face-to-face session and which has been
called RT-CICLO Challenge.

• The exposure of the common mistakes that students often make in class.

B2. The usual activity is the application of the RT-CICLO model in proposed
exercises.

Types of Organizational Knowledge Generated from the Previous Actions. The
different types of knowledge originated are described below, associating this with the
actions in which it was created (A1, A2, B1 or B2) and these are:

• Collaborative doubts.

Table 1. Identification of actions that can originate organizational knowledge

Actions that originate
organizational knowledge

Inside the classroom(1) Outside the classroom(2)

Voluntary (A) A1 - Doubts and answers A2 - Tutorials
Involuntary (B) B1 - RT-CICLO Challenges

B1 - Mistakes
B2 - RT-CICLO proposed
exercises
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• Orientations.
• Mistakes.
• Lesson learned.

Collaborative Doubts (Origin A1). Teachers must make explicit in the classroom the
knowledge that is being taught. About this explicit knowledge the student expresses
doubts, makes comments and even answers some doubt. This resource is created in real
time. Figure 5 shows a concept explained in the classroom (Fig. 5a) and the comments
made by the students, together with the questions and answers shown in Fig. 5b.

Orientations (Origin A2). These are prepared synchronously in the last laboratory
sessions. A compendium of the concepts that have had to be explained more often in
tutorials is made. It consists of collecting information from the tutorials carried out by
the students. Two types of knowledge have been generated: those related to the
technical part and those that affect the decision-making part (strategy).

Errors (Origin B1). A characteristic example is based on the mistakes that students
make during the development of a class exercise. The faculty identifies these, groups
these and explains both the error and the way of not committing it. Figure 6 shows a
characteristic error to which a code has been assigned, in this case ER # 2. It describes
the error, the cause and the way to solve (Fig. 6a) and is accompanied by a visual
image that lets us know that the error has been corrected (Fig. 6b).

Fig. 5. Organizational knowledge elaborated by uniting the concept with the doubts and
answers that it has generated
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Lesson Learned. Knowledge Generated by RT-CICLO (Origin B1 and B2). This
resource is generated by joining the result of all the RT-CICLO application phases. It
combines:

• The proposed exercise or challenge.
• A selection of correct and incorrect results, together with that feedback.
• Comments added by the teachers and students about their experience during the

realization (if it was easy or complicated, tips, etc.).

4.2 Scenario 2. Perception of the Students About the Different Elements
of Organizational Learning

This test was carried out through a survey of students of the second semester in the
2018–19 course of “Computer Science and Programming” subject. These students
study the degree of Energy Engineering and have used the organizational learning
generated in the previous semester, with students of the degree in Mine Engineering.
The test was completed once the first lab session ended, where they had the opportunity
to use organizational learning.

A survey with five questions was carried out. They were asked about the perception
of the usefulness (scale Likert 1 - low to 5 - high), for their personal learning, of the
following types of organizational knowledge:

• Q1 - Collaborative doubts.
• Q2 - Technical guidance.
• Q3 - Strategic orientation.

Fig. 6. Organizational knowledge elaborated from the usual mistakes
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• Q4 - Common mistakes.
• Q5 - Lesson learned.

Of a total of 33 people enrolled in the laboratory, the survey was filled out by 27
people (82% of those enrolled). The program R, library R-Commander has been used
for the calculations.

The results of the survey are shown in Table 2, with the identifier of the question
(Qi), the mean and the standard deviation SD of the answers.

5 Conclusions

The knowledge generated by the students during the learning process in combination
with the contributions of the teachers, produces organizational knowledge and for
learning purposes, we can affirm that the subject has increased their knowledge, that is,
in this case, the subject “has learned”.

Organizational knowledge can be obtained through a series of actions by students.
The actions identified in this work are:

• The doubts and answers regarding a specific topic.
• The mistakes made when performing exercises.
• Face-To-Face tutoring.
• The activities are implicit in the RT-CICLO process.

Organizational knowledge can be generated from each action. Depending on each
action knowledge has been determined by the following types:

• Cooperative doubts. From the actions of the doubts and answers. Organizational
knowledge consists in uniting the concept with which one works and the doubts and
answers that have originated in its explanation or application.

• Common mistakes. Compilation of the mistakes that students make when per-
forming exercises.

• Technical guidance and decision making. Elaborated from the conceptual, technical
and decision-making deficiencies that the students show in face-to-face tutoring.

• Learned lessons. Combination of knowledge generated by each phase of the RT-
CICLO model.

All the types of elements described constitute organizational knowledge, and its
improvement is associated with increased learning.

Table 2. Results of the satisfaction survey

Question Mean SD

Q1 4.84 0.36
Q2 4.48 0.75
Q3 4.15 0.86
Q4 4.63 0.69
Q5 4.63 0.49
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Organizational knowledge can also be used to promote individual student learning.
The perception survey indicates that for all types of organizational knowledge students
have a very high perception of their usefulness. All means exceed 4 points out of 5,
with standard deviations less than 1.

It is shown that the combination of RT-CICLO models, as an active method, and
ACCI 3.0, to transform individual and organizational knowledge, can be applied to
produce that knowledge and organizational learning in a subject.

In this work, organizational knowledge has been generated for the first time in a
subject. In future work that knowledge acquired in the subject will be applied with
students of a new subject, measuring the impact on the learning of the subject itself
(measuring the increase in knowledge) and the effect on the students’ own learning
(measuring the actions carried out to generate new knowledge, the development of
learning and the academic performance of it).
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Abstract. In this work, we try to demonstrate that the use of the science of
information and communication allows the implementation of new tools for
online training. In a first reflection we will consider the work on constructivism
and socio-constructivism with a look at the work of Hayek and Boudon, to
explain the non-normative behavior of learners. This idea will be completed by
using the work of Piaget and Vygotsky and the emergence of several models
from the SIC, as the linguistic approach to the analysis and the improvement of
content. Our work tries to provide some answers, from the theoretical and
methodological point of view.
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1 Introduction

In a new societal context related to the evolution of digital uses, how can e-learning
tools promote the development of knowledge and skills? It is obvious that today our
societies are paving the way for a new more horizontal organization, more centered on
the sharing of power where each individual thinks he has his place. If the democratic
and open “West” favors individuals and puts freedom, independence and rights at the
forefront, other societies have chosen to take a different path, leaving place to
democracy and openness and maintaining a preponderant place for social and societal
organization, based on an ancestral model still in place, which is the case of Japan.

In so-called collective cultures, priority would be given to group and interdepen-
dence; people would accept the roles and positions assigned to them [1]. The forms of
learning will be analyzed by comparing the French system to the Japanese system,
where the emergence of online courses is still in beginning, Indeed, Japan ranks 18th
on the level of online training. According to Aoki, this is due to the lack of educational
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innovation in educational institutions in Japan. In the Confucius value system on which
Japanese culture and society have been built, teachers are authorities that students
should not challenge. In a typical class of a Japanese university, the pedagogical focus
tends to be on mastering a specific body of knowledge rather than fostering students’
ability to reason and think critically [2]. This can explain the prevalence of the
behaviorist approach which is duplicated in the construction of online courses. The
technologies are used simply to reproduce the classroom with the advantage that the
students can have access everywhere and at any time with supplementing the courses
by presentations on this digital space, and which are a kind of tutorial.

For this purpose, we will analyze the foundations of learning, especially the
question of the individual and the group. The social aspect of “collective representa-
tions” makes community of thought induced by application to a community. It is this
reading that can lead to the emergence of multi-faceted approaches inducing a multi-
normative reading within the same group, which is the case of a classical class, in
which the teacher becomes aware of these different forms and which he must take into
account this diversity to organize a course for all learners. We will take these obser-
vations into account by analyzing several pedagogical approaches in order to show that
the individual first needs to conceptualize things before learning or understanding them
and that the interaction within the group is a fundamental element to construct, a
learning schema. Our tool and the interface must be the most adapted to this reality.
Our main idea is how to anchor e-learning further through the discipline of information
and communication sciences, because the diversity of audiences poses an important
challenge, and some tools can be issued from this field to enhance user interface.

The first element will be analyzed, is from constructivist perspective. This intel-
lectual approach shows that the learner needs to create his own world in which he will
record his learning strategy and consequently emerges the idea of a personalization of
the learner. From this perspective, he becomes the actor of his own learning but also of
the one who stages the useful phases for his learning. We will also discuss the socio-
constructivist model who rely the learner and his social construction, and his interaction
with other actors, whether other learners, or the trainer. Vygotsky’s work has shown
that, whatever the age of learners, we need social interaction to learn [3]. These social
interactions are necessary to the cognitive development and the trainer cannot transmit
to the learner knowledge or a real know-how without this interaction. Asubel will insist
on one essential point, namely the knowledge or methods already acquired by the
learner [4]. He criticizes the constructivist approach that learning can only be achieved
by confronting the learner with a problem solving. These readings reinforce our con-
viction, that the learners are not uniform because they all have a different mental
structure, but also different assets. To this end, we will outline Boudon approach in the
learning process [5] and we will examine Hayek’s [6] work to better situate stake-
holders, including learners, their strategies for learning and the role of the trainer.

Finally, another observation that emerges is related to the content itself. As a
teacher, we realize, based on our experience, that our semantics must evolve sometimes
adapting, even within the same class in order to ensure that the content is understood
and memorized by all the learners. The challenge is important in an online course,
where aside from the feedback; the means of interaction remain low. In this regard, we
will use some tools, in order to analyze the text before it goes online, but also the
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analysis of the feedback of learners to point out if the content does not present any
particular difficulties and moreover we will develop the notions of semantics and
semiotics, in order to better understand the role of language in the online course.

2 Analysis of the Training Context

The analysis of the public and its motivation to learn and how to mobilize one’s
attention is the prerequisite before setting up a course and even more for an online
training. How the course is done in the absence of a teacher whose main function is
mediation, since we consider the role of the trainer as a group animator. Several schools
have been interested on teaching models and their organization as Dewey’s pragmatic
approach [5], Skinner’s behaviorist approach [6], or social interactionism [8] and their
involvement, which are at the heart of our works and through constructivism, social-
constructivism, … These first approaches focus more on processes than on individuals,
and encourage group normalization strategies rather than individual consideration, and
exclude individuals who fail to integrate groups. We will see in detail the constructivist
and socio-constructivist models and their impact on the online tool that we have
designed and which is still under evaluation by users.

2.1 Behaviorism

This idea is the first to have emerged [7]. Several authors have put this method in
evidence what is turning into an external stimulant on a person with the consequence of
the reward or punishment. Watson [8] and then Skinner [9] have developed this model
based on animal and human behavior, linking this situation to the learner’s behavior,
forgetting in passing the way of thinking of the learner. New cognitive approaches will
oppose to this model which consider that the learner must listen, remember and
reproduce without thinking, in a rather mechanical way. Nowadays, the learner
becomes a subject who thinks on the learning that he receives; he also becomes a
fundamental player in this learning processes.

2.2 The Constructivist Model

This model makes it possible to conceive that the individual needs to conceptualize
things along his learning period. The learner needs to better design and perceive things
and the world around him. It is part of a constructivist approach. He needs to build a
world of his own and in which he will write his learning strategy. He becomes the actor
of his own learning but who also puts in place the useful stages and necessary phases to
learn [10]. Asubel indicates that for the learner to assimilate knowledge, it is necessary
that the things make sense to him [4] because the knowledge must be integrated in the
conceptual schema of the learner. Taking up the idea of Piaget [10], every person has a
learning structure stemming from his intellectual progression and the way in which it
was constructed. All knowledge is the result of an individual learning experience.
Piaget will set different stages during which the individual will be able to build himself
through his own progression but also according to his interaction with his environment.
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Piaget analyzes the impact of the environment as a whole social, cultural context [11].
One could easily integrate the interactionist approaches and thus get back to the idea of
more or less homogeneous groups and that thus justify that the school has built a rather
general model which takes less and less account of the emergence of the new society of
the world of information and cultural diversities. In this connection, it seemed useful to
compare the Japanese system in terms of both structure and linguistic usage in order to
show that a system still structured around the notion of group can still function
according to a rather procedural approach, as the behaviorist model, and which can
give still quite convincing results, for that, it is enough to see the ranking of certain
Asian countries in the classification of Pisa. This model leaves little place for the
individual and his mental structure, knowledge is defined in terms of observable
behaviors expected at the end of learning.

In regard to the constructivist approach, several complexities of learning can
emanate from the learner with the consideration that he has undergone, according to
Piaget theory. This author shows how the intelligence is the product of a construction
through the interactions that the subject has with arrounding objects. These construc-
tions go through the action, operation and then the representation thanks to the
assimilation mechanism where the child tries to act on the world according to his
sensorimotor patterns, of accommodation where the child himself modifies these
sensorimotor patterns, according to the external reality that we will consider to be
social interactions and finally of equilibration, which is “the dialectical game between
assimilation and equilibration” [12]. This constructivist approach can lead to a form of
rigidity in receiving new knowledge that the trainer will moderate, hence its funda-
mental role as mediator. In fact, it is the learner who learns alone and according to his
capacity and speed of receiving data and information, as well as according to the
amount of data he can absorb in a given time, and also his ability to change his mental
structure on the base of his mental construction. He will often face a phenomenon of
cognitive dissonance that results in a form of resistance to the emergence of new
knowledge, since it will upset his mental structure, his beliefs, even the norm of the
group he frequents daily. In a constructivist pedagogy, there are elements to put in
place that are essential [13], first the role of mediation, that the contents must be
relevant to the learner, that the teachers serve mainly as animators learning, that
multiple representations of content must be encouraged, and that knowledge must be
interpreted in the context of prior knowledge.

2.3 Socio-Constructivist Model

This model will complete the previous model taking into account the relationship
between learner and its social construction but also its interaction with other actors, of
the learning structure even if we will be interested in distance learning, but also with
other learners, and the trainer or artifact [14]. Socio-constructivism will give an
important role to the social framework and the context in which the learner operates
and what others bring as interactions. While constructivism does not consider in the
context of learning, even if Piaget has integrated the role of interaction in the mental
structure, without however considering its dynamics, and that the individual evolves in
a socio-temporal space and that our societies evolve. So, it cannot have learning
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without taking into account the pedagogical context and unfortunately this aspect was
more or less approached when designing online tools. It is this challenge that we try to
integrate into this work. In this regard, some authors [15] evoke the idea of interpreting
an experience in its context and that it must be the most realistic as possible. With our
feedback on personal experience and in some of our courses, we talk about the idea to
students that they are doing a job for a client, as considered in situated learning, which
can give them, the desire to learn a new knowledge.

We cannot learn without confronting our ideas and debating. The role of social
interactions is essential in learning process. The major element is the social interaction
is constructive, the learner becoming aware of his own thought and its relativity and
therefore he may be able to reconstruct a new mental scheme taking into account this
new social representation and ultimately acquire this new knowledge [16]. The lan-
guage becomes a way to represent our thought and serve to understand as well the
thought of others [17]. In the same spirit for Hayek, the agents are moderately rational,
which means that they decide to share a little with the hypotheses developed [18]. They
are only partially informed, as they base their behavior on limited sequences of
observations based on the past behavior of other agents shaping their social environ-
ment. And finally, on the socio-constructivist approach, and for Boudon, the imple-
mentation of a multi-tool system meets the current needs of agents who appear to be
socially or culturally identical, but may ultimately be different and therefore require a
different approach [19]. He considers a scale of temporality to build a product in a
dynamic way, and consequently presenting a multi-faceted side. Indeed, he considers
that our reflection cannot be in a long-term reading, because the modern sociological
analysis aims to identify the logic of change in systems of interaction sufficiently
restricted to be affordable. The dynamics of change lead to the emergence of the
complexity of the groups of learners and the needs are such that we can conceive a
static approach with an online course which is only a simple listening of a video or a
text.

To complete this reading, we must give the complementary role of the semantic
question. According to Piaget, acquisition is a construction, and it is the development
that precedes learning and then the learner must experiment and draw consequences.
For Vygotsky, acquisition is an appropriation, and objects have a social significance
and he specifies that the learner cannot learn alone. The learner can learn and carry out
an activity with the support of other, the knowledge is not simply constructed, it is co-
constructed and the presence of a mediator is important between the learner and his
environment and that the role of the language is primordial whereas for the con-
structivists it is not or less important. Vygotsky [20] emphasized the role of language
and culture in cognitive development and the way that we perceive the world. Like
Chomsky, and others, language provides frameworks through which we live, com-
municate and understand reality [21]. This importance of language in learning suggests
that people learn with a sense and meaning, not just by focusing on the facts. Language
and conceptual schema conveyed through language are essentially social phenomena.
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3 Fundamentals Role of Linguistic Analysis of Contents

In the socio-constructivist model, the notion of language, meaning and signification is
unavoidable and therefore the analysis of content is fundamental [17]. We have chosen
to first evaluate the effect of context with the notion of semantic rigidity, which can
explain the emergence of other forms of learning, notably through online courses in the
form of tutorials, or the serious game more technical than educational. We observe this
in some disciplines like mathematics or computer science. The language or meta-
language used remains within the reach of the general public without seeking to enrich
it, in order to develop the concepts necessary for the structuring of the thought, from
which the new structuring language elements emerges that leads for learning and
memorize this learning.

However, from our experience feedback, in a hybrid course (face-to-face and
online), the return of learners is not encouraging, even if many succeed because they
have a good foundation, many others fail because the tool is not adapted to their mental
structures, also the language used and the lack of interaction with peers or with the
trainer. This brings us to a different approach to the issue of linguistics uses and its
impact on the emergence of our information system, to emphasize its importance as a
concept and to define it rigorously in a multi-faceted approach, to respond to the
diversity of our audiences, resulting from this more horizontal approach since places of
learning can also be places of debate.

With the emergence of text analysis tools and the sentiments analysis, we can now
assess content but also the feeling of learners without technical difficulty. This reading
of the role of emotion has been highlighted by several authors; we retain among others
Martin-Juchat in the role of emotion in the communication space [22]. The setting up of
a forum or feedback at the end of each course, will allow us to build a course that will
take into account the differences observed and thus be proposed according to the profile
of the learners. But before seeing the benefit of these aspects, it seemed important to us
to understand the notion of language and the use of words. When the course is con-
ducted face to face, it is obvious that during the exchange, the teacher can review its
wording and correct it in order to capture the attention of the learner, but in an online
course this idea disappears to make way for a fixed text and therefore the risk is
obvious to lose the attention of the learner.

Moreover, as summarized above, in the socio-constructivist approach, the social
meaning of objects, and therefore of words, is important. Saussure provides us with a
theoretical framework to better design our tool by understanding this question of
meaning and sense [23]. Semiotics and semantics deal with these questions. This
notion is also raised by reading due to information and communication sciences in the
sense that concomitantly, a process of interpretation is implemented by everyone in the
treatment of objects encountered and that sense is manipulated and altered [24]. In the
light of Asubel’s [4] approach, the learner must be able to create meaning in the
knowledge he or she assimilates, allowing knowledge to fit into the learner’s con-
ceptual schema. One of the essential tools of learning is communication through lan-
guage. In structuralism linguistics, we distinguish the language, social object shared by
a community, from the speech, individual way of using the language. Before creating
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meaning, the word is based on a relationship between a sound, called “acoustic image”,
and a thought, called “concept” [23]. This relationship can also be defined as a rela-
tionship between the meaning “acoustic image” and signified “concept”. Thus, when
we speak about a tree, we evoke at the same time a concept, the idea of a tree, but also
the reality of a tree. This “form” of the word tree is identified by its written or oral form,
and its symbol is recognized and shared by the members of the linguistic community
speaking the French language. On this principle, the sound tree is an imaginary and real
tree. The “ideal” concept of a tree makes it possible to group the common character-
istics of all the trees, rather than a long list of each existing tree. But the concept must
give a simpler and reduced understanding, giving a simple definition: plant composed
of a trunk and branches often leafy. Thus, the more the concept has a strong intension,
the more one appeals to the understanding of the learner. Indeed, the more the intention
of a word is broad, the broader its extension is. From the intention of the word “tree”
that has been given, it is possible to group trees and some shrubs when extending the
word to real referents.

From this relation between the signifier, the conceptual referent and the real ref-
erence, we can see a semiotic relation appearing. To enable the learner to understand
what a tree is, he will assimilate his concept by giving it a general definition, which
allows him to recognize it in objective reality thanks to his belonging to the tree class.
On this principle, there is a tree in its subjective conceptualization and in its objective
reality. This makes it possible to define the linguistic sign according to Saussure
through the semiotic triangle. It is the relationship of the word between its reading,
what means the general sense of the term, and its actual reference. This articulation
between thought, language and reality is what creates the meaning, the semantic
substance and gives a value to the “form”. Thus, the relation between the so-called
signifying form, the signified or concept, and the referent creates semiotics. This is the
system of the sign, in its expression and content, which can be the study of a semantic
unit (a word) or a semantic entity (a sentence) [23].

Tools and methods of text analysis can both be mobilized to analyze the contents of
pedagogical devices but also the speech of learners. To do this, several tools are
available that provide different and complementary insights into the constituted corpus
[25]. All these tools have in common the principle of segmentation of the text in
minimal units and the count of these units making it possible either to judge the
distribution of the vocabulary in one part of the corpus compared to the others (Author,
periods, supports.), the identification of trends (regularities, graphs to evaluate the
distance between the texts or parts of the corpus, networks of co-occurrences …). For
example some tools like Lexico 3 or TexObserver allow to compare the vocabulary of
the different parts of the corpus, meanwhile, Alceste or Iramuteq allow to emerge the
salient themes of a text, or finally Tropes which on the basis of a semantic ontology,
makes possible to identify the “reference universes” of a text. This setting up is
interesting and it joins the constructivist approach, in the comprehension of the uni-
verse of the learners. As an example, we note the difficulties of some students who have
little mastery of the language because of their origins. This analysis will enable us to
better understand the source of the difficulties and to better correct both the content and
the meaning in order to create signifier for each learner [26]. Indeed, the intelligibility
of a phenomenon can only be done through the use of metaphors. In fact, a single
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model cannot alone represent the whole reality, because for Piaget as for Mucchielli the
reality in human sciences is the result of an individual construction [27]. This semio-
contextual theory of Mucchielli [28] identifies processes of communication and con-
textualization in relation, through which the meaning of a communication emerges in a
given situation, called context. Moreover, this element is close to the classification
made by Conole [29]. This context, for an individual, is a subjective reality of which he
has a certain image, and it is by influencing this image, through the interaction that he
can have with others that the meaning of his conduct may change in the considered
context.

4 The Organization of Learning and Its Context

The theory of social constructivism emphasizes the collaborative nature of learning,
with the underlying assumption that knowledge is constructed through interaction with
others. Traditionally, e-learning has been inherently transmissive. It is teacher-centered,
which means that technology provides the knowledge. The learner is passive; he reads,
looks, listens and learns. Based on the work of Vygotsky, we learn better through our
interactions with others, through discussion and exchange. The Vygotsky concept of
the proximal developmental area, which is the difference between what a learner can do
without help and what he can achieve with the help of a more experienced peer, is
consolidated [30]. This mediator can be the trainer or another learner who understands
the content.

These pedagogical approaches were partly taken up by Conole [31] who used a
classification that underlaid these approaches, and divided the methods into four cat-
egories, Associative, Cognitive/Constructivist, Situationist and finally Connectivist.
We clearly find some aspects that interest us, such as the effects of interaction that is
also highlighted by Garcia-Penalvo [32], the notion of motivation and the mobilization
of learners, … In the importance of the role of the social field, Garrison et al. [33], also
shows the pre-eminence of the social field in the learner’s environment. Our approach
is to insist on these uses and those we tried to introduce as well the linguistic analysis of
the contents and also the emergence of the field of the information and the commu-
nication and especially the communication within the organization and the place of
individuals and their roles in order to enable this organization to succeed in its edu-
cational mission. The constructivist approach already indicates that interaction is
necessary. The concept of interaction is a fundamental element in setting up this new
training organization, for Mucchielli individuals cannot be solely responsible for this
failure, if our learning platform does not work. It is up to us to build an interaction
system so that these situations can be solved [34]. To take into account the diversity of
learning, learners and their contexts and to facilitate the transmission of knowledge,
digital learning platforms (LMS), such as Moodle, Brightspace or Claroline, are used
by French universities to support the organization of training and the dissemination of
teaching materials. These platforms integrate features and modalities, allowing fos-
tering collaborative interactions between learners.

Within the framework of the notions that we wish to develop to encourage the
learning (motivation, interactions, mobilization of the learners, situated learning, etc.), it
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is necessary to specify, to be complete, that there are also other types of learning, in more
specific training environments. These environments are often designed for domains,
specific audiences, on a particular knowledge and for specific contexts as programming
language, technical gestures, or professional behavior, … The forms of pedagogy
mobilized are also adapted to the learning situation as the virtual reality [35], serious
games [36], mobile device use [37], interactive Table [38] and simulation [39], …

The pedagogical design we have chosen takes this into account and can be more
easily implemented in traditional LMS, in our case Moodle, whose current function-
alities facilitate online collaboration between learners remotely via, for example,
platforms messaging, forum, visioconference and digital sharing [40]. We can point out
some indicators that measure the level of interaction in this learning structure, such as
the Community Indicators Framework [31], which often depends on the types of
platforms used. Whatever the learning environment, hybrid or not, learners need a
return on their learning and personal progress. Tracing Learner Interactions in the
Learning Environment is a Knowledge Engineering process [41] implemented to
provide feedback to the tutor and learner [42]. These traces of interactions are thus
perceived as the digital time registration, of a current or past activity, and sources of
knowledge about the learner [43]. The research in this area offers a set of answers
related to the personalization of learning according to the profile of the learners:
according to the traces left by the learners, the profiles can be deduced automatically
and then the organization of the courses and the level of exercises adapted, on the basis
of the analysis of the interaction of the learners on the platform [44] as well as the
exchanges on the forums [45].

Based on these analyzes and observations, we can draw several points that can
justify the creation of our tool and that we will consolidate in this paragraph. The
general conclusion is that each learner must be considered separately in order to allow
better enrollment in an online course. On this basis, we have considered a scenario that
takes into account this approach, especially with specific applets that will be chosen by
the learner during the constitution of his educational path that he has decided. These
choices are part of a rewarding approach that also allows the learner to make alternative
choices that will allow him to optimize his learning path. Our approach is already
tackled by several authors, called Adaptive Learning Design, which takes into account
the profiles of learners, by setting up a model à la carte [46]. This approach will define
in advance with the learners, the objectives, the prerequisites that we have set up, in the
form of a Quiz to guide the learner to the right content but also if the content adapted
and through a textometric analysis of the feedback from the learner. García-Peñalvo
et al., compare this approach to a Lego method [47]. Thus, a scenario will be proposed
at the beginning of each course with a sequence to be chosen by the learner. In this
sequence, we will offer each learner a series of slides, a document to read and a video
with a recommendation of sequencing, but free for the learner to organize it. The
duration of each element of the sequence will be the subject of an in-depth analysis
taking into account the speed of reading a text, of the order of 100 words by minute,
and the length of the video that will be around 2 min, in order to keep the learner
vigilant. In the educational offer, we have integrated textometric and lexicometric tools
that allow at the end of each sequence to analyze the feedback of each learner. This
allows to improve the content of the course, or to provide new video that will allow a
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better understanding of the proposed courses. We will also be able to analyze corpus of
forum that we will put in place and which will serve as a place of exchange in this
learning structure between the learners but also with the trainer. Moreover, we will put
in place a portfolio that will contain all the elements that concern the exercise of the
profession and therefore the skills to be acquired, which is part of the “situated
learning” approach. Authors such as Noy and Mucchielli, among other principles that
they state, go in this direction and indicate that the processes of elaboration of
knowledge are directed towards the ends of action, as well as the principle of the
experimentation of knowledge [48]. In fact, individuals act with regard to things
according to the interpretive meaning that these things have for them. We find here
again easily the concept of constructivism.

We have also planned the implementation of this portfolio to allow the learner to
enter any questions that may arise and that are not contained in the offered online
training and thus allow him to situate his own learning. The creation of a scalable,
digital, web-based learning platform that is innovative and responsive in a pedagogical
and interactive way seems easy, but it must be the consequence of deep reflections that
must be carried out before any implementation of a learning platform. This cross-cutting
project covers information technologies, teaching methods, interactivity with learners,
validation of the understanding of skills and permanent optimization of format and
content. We applied these approaches to a new course that is being evaluated, namely a
course offered to students but also to employees. The course is presented by a teacher
who will talk to the learners through a video. As a mediator, he will help develop the
knowledge and understanding of these learners. He will encourage them to apply the
content of the course in their own context, hence the implementation of several certi-
fication levels and whose semantic level has been analyzed according to the level of
adequacy of these learners. We have in our tool created three levels to better get closer to
the sociology of groups. Each lecture starts with a Quiz in order to analyze the notion of
the object and meaning of the learner in order to offer him the best path and avoid putting
him in a situation of failure from the beginning, because even if the scenario and the
platform take into account our approach, the content and therefore the language can be
incomprehensible and so it can put him in a situation of avoidance and thus ultimately
lead to failure. Indeed, many existing courses consist of a series of PowerPoint screens,
with voiceovers, based simply on the reading of the learner. This is the model that would
be closer to the behaviorist model and which unfortunately causes a recurring failure.
Our approach takes the candidates into a narrative story that reinforces the learner’s
engagement and our entire linguistic analysis shows the importance of this aspect.

5 Conclusion

Our work complements previous work that we have evoked by highlighting the
importance of learning models and makes it clear that LMS today make it possible to
implement these reflections from a practical point of view. It opens us real prospects
afterwards, after the feedback of the learners on questions like the importance of the
linguistic analysis, of the scenario to the map but other reflection that we will begin on
the duration of each sequence of learning.
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Abstract. Human-computer interaction (HCI) is an important knowl-
edge field in the program of most computer-related majors, but not
many studies on HCI teaching at undergraduate level can be found.
This paper presents a systematic mapping study carried out in order to
get an overview of HCI classes at undergraduate level, with the objec-
tive of investigating how HCI is being taught and what tools are being
used to support the process. The study selected 17 papers to analyze the
teaching approach being applied and the supporting tools, if any, being
used to help teaching HCI. As a result, most of the papers mentioned
or described an active learning approach and only two specific tools to
support HCI teaching have been identified, which comes as a future work
opportunity.

Keywords: Human-computer interaction · Computing education ·
HCI education

1 Introduction

In the last 20 years, the development of technology considerably changed the way
people interact to each other. Before that time, mobile phones had very little
use besides making calls, fewer people had Internet access and most of online
communication was done by email. Today people communicate with each other
by sending and receiving messages through various forms such as text, audio,
images, video or symbols, synchronous or asynchronously.

During this period, education has always kept its doors open to the use of
new technologies such as simulators, just to mention a single example. In spite
of that, communication between teachers and students in class seem not to have
taken full advantage of the possibilities the advances of technology have brought.
Most of the classes are still based on oral lectures, using few visual aids, where
teachers just speak and students ask their questions when they think something
is not clear [1]. This type of class hardly draws students’ attention [2] and they,
as a result, usually have a low rate of content retention [3].

Students commonly feel little involved in the communication process of more
traditional teaching methods since, in general, they allow them have a more
passive posture towards their teachers that, on the other hand, must be very
c© Springer Nature Switzerland AG 2019
P. Zaphiris and A. Ioannou (Eds.): HCII 2019, LNCS 11590, pp. 155–170, 2019.
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http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-21814-0_13&domain=pdf
https://doi.org/10.1007/978-3-030-21814-0_13


156 A. L. de Souza Lima and F. B. V. Benitti

active in their classes in order to keep students motivated [3]. Also, those methods
do not usually offer the students many opportunities to apply that recently
acquired knowledge to real life situations, leading to a superficial learning level
that could be represented by the initial categories of the cognitive domain of
Bloom’s taxonomy [4], for instance.

Receiving considerable attention over the past several years, active learning
has found many advocates among faculty looking for alternatives to traditional
teaching, even though there may still exist some that regard it as just an edu-
cational fad [5].

Human-Computer Interaction (HCI) is an important area in computer
related degree programs, such as computer science [6], information systems [7]
and software engineering [8]. Despite its importance, there seems to be a lack of
literature on practice-level issues about its implementation in the classroom [9].
Likewise, technological tools specifically designed to aid HCI teaching are prac-
tically nonexistent [10]. Considering this scenario, the present paper conducts a
systematic mapping study that aims at checking how HCI is being taught and
if any tools to support the process are being used.

The remaining of this paper is organized as follows: Sect. 2 presents related
work. Section 3 describes the systematic mapping with the presentation of its
results. Section 4 discusses the implication of the results, answering the research
questions and presenting the threats to the validity of the study. Conclusions
and comments on future work are described in Sect. 5.

2 Background

The importance of HCI can be stated when looking at the Curriculum Guidelines
for Undergraduate Degree Programs for Computer Science [6], for Information
Systems [7] and for Software Engineering [8]. Computer science students are
expected to have at least 6.4 lecture hours of HCI core topics and have a choice of
some other elective ones [6]. When majoring in information systems, the students
might take Introduction to HCI as an elective course, though it brings significant
coverage to the application developer and user interface designer career tracks,
whereas the program for software engineering [8] considers that it is essential
that students have 10 hours of HCI.

By looking at those programs, and understanding the role HCI plays on
interface designing, one might think that a considerable number of software
developers have at least been initiated on the matter. Edwards et al. [11], how-
ever, argues that this might be true, but teachers are failing at HCI education.
As an evidence of his position, he points out the abundance of poorly designed
interfaces and great number of papers published in the HCI literature that do
not offer much more than criticisms of interface designs. He concludes that there
is a vast scope for improvement in HCI teaching.

Battistella and Wangenheim [12] carried out a systematic review of the lit-
erature to understand what kind of games are available for teaching computing
in higher education. They encountered a considerable number of 107 games,
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indicating that there exists a trend to game-based learning also in computing
education. However, only one ranked match in the HCI area was found. The
game called “3DAR Lego Game” provides a tool to improve spatial ability for a
wide range of ages [13].

In 2012, Sommariva [14] conducted a systematic mapping study to search
for games or simulators specifically developed to support usability teaching, and
also to understand what usability topics were being taught and how. His study
found no games developed to support usability teaching. He later developed and
proposed a game to help teach usability engineering life cycle [10]. When it comes
to usability teaching, his study focused on the activity proposed by the teacher,
without mentioning the underlying teaching approach. Later, in 2014, Ferreira
et al. [15] presented a game to teach Jacob Nielsen’s heuristic evaluation. The
game makes use of analogies to reinforce the heuristics understanding, building
a story to motivate the students during their learning process.

Nevertheless, systematic reviews (or systematic mappings) that analyzed
approaches and computational solutions specifically for teaching HCI were
not identified. Therefore, this article proposes: “Let’s talk about tools and
approaches for teaching HCI”.

3 Systematic Mapping

This work presents a systematic mapping study carried out to get an overview of
HCI classes at the undergraduate level. A systematic mapping is usually used to
investigate a wider research area than a systematic literature review when little
or no evidence on a topic is known [16]. The interest here is to get an indication
of the quantity of that evidence and classify it for further studies.

3.1 Planning and Conducting the Mapping

The phase of planning the mapping consists of developing a review protocol
which defines the methods to undertake a specific systematic review. Having a
well defined protocol reduces the possibility that this review can be driven by
research expectations.

Review Objective and Research Questions. The main objective of this
mapping is to identify how HCI is being taught to undergraduate students. In
order to guide this analysis towards its achievement, it is important to know
what are the teaching approaches that are mostly used in class and what tools,
if any, are used to support it. With this in mind, three research questions are
proposed:

RQ1 What are the main approaches used to teach HCI to undergraduate stu-
dents?

RQ2 What are the available technological tools specifically developed to support
HCI teaching?

RQ3 How have the approaches or technologies used to teach HCI been evalu-
ated?
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Search Strategy. An automated search strategy was used in three different sci-
entific databases: ACM Digital Library1, IEEE Xplore Digital Library2, Google
Scholar3. These results were complemented with manual search on selected con-
ferences:

– International Conference on Applied Human Factors and Ergonomics and the
Affiliated Conferences, AHFE 2015 [17] and AHFE 2017 [18];4

– HCI International 2013–2017 [19–25];5

The search string used is divided into three parts:

Part1 This part of the string used expressions relating HCI and teaching. By
using only the expression “HCI”, without relating it to teaching, most of
the studies returned by the search discussed on the applications in the
area, but outside the education context. If on one hand the search was
restricted, on the other hand, it was extended by adding term “usability”.
The choice for this term is supported in [26], that states “Usability and
HCI are becoming core aspects of the system development process to
improve and enhance system facilities and to satisfy users’ needs and
necessities.”

Part2 Here the string was limited to search for papers that dealt with teaching
undergraduates.

Part3 The last part had the intention to find among those papers the ones that
explicitly mentioned how their teaching was conducted, using some kind
of tool, approach or both.

In this way, the string used for the search was:

(“teaching hci” OR “hci teaching” OR “hci education” OR “teaching
usability” OR “usability teaching” OR “usability education”) AND under-
graduate AND (software OR game OR simulation OR tool OR environ-
ment OR methodology).

To complement the automated procedure, a snowballing search, backward
and forward, was conducted following the guidelines in [27]. All the works
selected from the automated search were used as seeds.
1 dl.acm.org.
2 ieeexplore.ieee.org.
3 scholar.google.com.
4 When searching in the proceedings of International Conference on Applied Human

Factors and Ergonomics (AHFE), only the conferences held in 2015 and 2017 were
considered since those were the only years when the affiliated conference “Advances
in Human Factors in Training, Education, and Learning Sciences” took place. AHFE
was not held in 2013.

5 The search in HCI International conference, in 2013, aimed at the affiliated confer-
ence “Design, User Experience, and Usability (Part II: Health, Learning, Playing,
Cultural, and Cross-Cultural User Experience; and Part III: Information and Inter-
action for Learning, Culture, Collaboration and Business”), whereas in the years
2014–2017, it aimed at the affiliated conference “Learning and Collaboration Tech-
nologies”. The conference was not held in 2012.

https://dl.acm.org/
https://ieeexplore.ieee.org/
https://scholar.google.com/
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Inclusion and Exclusion Criteria. Some inclusion and exclusion criteria were
defined for selecting papers for the final review.

The mapping should only include:

– Peer-reviewed publications appearing in journals, conferences, and workshops;
– Publications written in English;
– Papers published from 2012 to 2017;
– Papers that discussed about or presented a methodology or an approach for

teaching HCI on undergraduate level;
– Papers describing computational solutions to support HCI teaching.

The following works should be excluded from the mapping:

– Presentation documents, such as PowerPoint slides, and short/extended
abstract papers;

– Papers that did not relate to undergraduate HCI courses;
– Papers that, although related to HCI teaching undergraduates, discussed

about other aspects of the course or program, such as curriculum proposal,
for instance;

– Papers that described computational solutions applying concepts related to
HCI area, but that did not focus on teaching those concepts.

Data Extraction and Data Synthesis Strategies. The mapping was con-
ducted from December 2017 to February 2018 with the execution of the protocol,
and resulted in the selection of 21 papers for data extraction. However, during
the data extraction process it was observed that in three selected studies there
was no consistent information for extraction, that is, the information was not
sufficient to respond to the RQs. So these 3 papers were excluded. The number
of retrieved, examined and selected papers from each resource is summarized in
Table 1. The selection process is illustrated in Fig. 1.

Data were extracted from each selected paper following 15 previously defined
information items (Table 2).

Results. Table 3 summarizes the data extracted for the 17 articles selected
considering some information from groups 1 and 2 of Table 2:

– The Context column indicates where the research described in the paper was
conducted, i.e., which course, with its major in parenthesis;

– The In-Text Topics column presents those HCI topics the authors mentioned
they had worked with the students during their research;

– The HCI Topics column classifies the topics surveyed by considering an HCI
course in a curriculum guideline for undergraduate degree programs [7];

– The methodologies/approaches used to teach HCI are in the column App-
roach;

– The last column, Tools, indicates the tools used during the teaching process
that were mentioned in the text.
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Table 1. Search result

Resource # Papers
found

# Papers
examined

# Papers
selected

ACM 6 6 2

IEEE 24 24 4

Google Scholar 353 100 9

AHFE 938 938 0

HCI International 439 439 0

Backward snowballing 421 421 2

Forward snowballing 51 51 0

Total selected 2,232 1,979 17

Table 2. Data extracted from each primary study selected

Group Information item

Group 1: Publication
identification

II1. Publication ID

II2. Publication title

II3. Year of publication

II4. Authors’ name

II5. Publication source

Group 2: Context reported in
the publication

II6. Context of research (course/major)

II7. Specific topics being taught

II8. HCI topics [7]

II9. Approach applied

II10. Justification for use of approach

II11. Technological tool used

II12. Use of the tool

Group 3: Evaluation
described in the publication

II13. Research type classification [28]

II14. Evaluation

II15. Sample

During the period researched, the publication of selected studies seemed to
have been fairly regular, with 3 to 7 papers being published a year. The exception
was in the 2013–2014 period, when no papers were published (Fig. 2).

From the 17 selected papers, 12 (70.5%) conducted their research in a HCI
course, whether mandatory or elective, whereas 5 of them (29.5%) had their
researches in some other courses (technical communication [TC], system design
[SD], interaction design [ID] or winter school), where some topic of HCI was
taught.
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Table 3. Selected papers summary

ID Ref. Context* In-Text Topics HCI Topics [7] Approach Tools

1 [30] HCI (CS)

Usability lifecycle;
Development;
Evaluation methods

Serious game
Computer game

(UsabilityGame)
Requirements analysis;
Prototyping;
Heuristic evaluation

2 [31] SD (CS) Task analysis Special HCI issues -
ConcurTaskTrees
Environment (CTTE)

3 [32] HCI (CS)
User interface design
project

Development Studio-based learning
Simple art supply;
Prototyping tools
(WOZ Pro); HTML

4 [33] HCI (CS)
User-centered design

User-centered design Problem-based learning
Virtual world platform

(OpenSimulator)
process with emphasis
on interface design

5 [34] HCI (CS, IS) Usability testing Evaluation methods Active learning
Student Centered
e-Learning Environment
(SCELE)

6 [35]
winter school
(Eng)

Interaction design, usability,
User-centered design;
Development

Action research approach -user experience, prototyping,
data collection and analysis

7 [36] HCI (SE)

Basic Foundation, Principles in HCI

Project development -
Requirement Analysis, design;
Interaction Design, Development;
Usability Evaluation Evaluation methods

8 [37]
HCI
(not informed)

Prototyping;
Development;
Evaluation methods

Blended learning model sLearnEvaluation;
Usability testing

9 [9]
TC

Usability testing Evaluation methods User-centered approach -
(S, T, Eng, M)

10 [38]
TC

Usability testing Evaluation methods Service-learning projects -
(Eng, CS, B)

11 [39]
HCI classes

Core HCI design cycles Development Scaffolding approach -
(P, D, Eng)

12 [40] HCI (CS, ISc)

Principles of design

User-centered design
Hands-on
experiential activities -

and usability,
with an emphasis on the
human-side of interactions

13 [41] HCI (MIS)
Interface design with

User-centered design Studio-based learning
-

emphasis on the users

14 [42] HCI (CS)
Single-modal and

Principles in HCI
design

Interest-Based Learning -multiple modal
cognitive theories

15 [43] HCI (CS)

Requirement collection
Development;
Evaluation methods

Realistic projects approach -
and analysis;
Interface design;
Interface evaluation

16 [44] HCI (CS)
HCI4D (HCI for

Development
Student-centered,

-
Development) hands-on approach

17 [45]
ID

Design thinking Development
Design thinking approach;

-
(not informed) studio-based teaching

* Legend of abbreviations: [CS] Computer Science; [M] Mathematics; [HCI] Human-Computer Interaction; [IS] Information Sys-
tems; [B] Business; [SD] System Design; [Eng] Engineering; [P] Psychology; [TC] Technical Communication; [SE] Software Engi-
neering; [D] Design; [S] Science; [ISc] Information Science; [T] Technology; [MIS] Management Information Systems; [ID] Interac-
tion design

4 Discussion

With the data extracted from the selected papers it is possible now to answer
the research questions.
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Fig. 1. Process of selecting primary studies

RQ1 What are the main approaches used to teach HCI to undergraduate stu-
dents?

From the data extracted here, a wide variety of teaching approaches or tech-
niques can be identified (Fig. 2).

Most articles mentioned the use of a specific approach (blue dots in the graph
of Fig. 2). However, some articles did not cite a specific approach, and in this
case, they were ranked from the analysis of the text (red dots in the graph of
Fig. 2):

– Experiential activities: experiential learning is a guided process of question-
ing, investigating, reflecting, and conceptualizing based on direct experiences.



Let’s Talk About Tools and Approaches for Teaching HCI 163

Fig. 2. Approaches used in selected studies

In this learning process, the learner is actively engaged, has freedom to choose,
and directly experiences the consequences of their actions [45].

– Hands-on experiences: development of projects with real users, that is, real-
world cases.

– Project development: development of projects without considering real users.
– Serious game: use of serious game (educational game) to support teaching.

Among the articles that did not mention a specific approach, the teaching of
HCI through the development of group projects using as case study real needs,
that is, real-world cases [33,37,42] can be highlight as the most recurrent.

Nine different approaches were cited in the selected studies. For Zaharias
et al. [32] problem-based learning develops “experiential and social learning and
calls for an active rather than passive approach to learning that leads to the
development of critical thinking skills”. Jeon [38], on the other hand, defends
that although a problem-solving approach may not work for novices (i.e., under-
graduates), “they are still encouraged to be involved in the overall design process,
but they start with a focus on part of the problem with well-defined guidance
based on the scaffolding approach.” Culén [44] proposes the use of design think-
ing that “stands firmly on three main pillars: empathy with users and human
centeredness, rapid prototyping to generate large number of alternatives in order
to solve the right problem rather than a problem right, and last, but not least,
their synthesis leading to best viable and feasible solutions that incorporate
desired values” [44].

Chong [9] mentions the use of user-centered approach, whereas, Taylor et al.
[43] prefer student-centered learning which are research-led, problem-based and
flexible, where students can focus on the topics and content delivery methods
which are most interesting and useful to them. Alnuain et al. [36] apply blended
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learning model “a learning approach that contains different types of education
techniques and technologies. This learning model aims to provide more effec-
tive education experiences by combining features and functions of well-known
learning and teaching techniques” [46].

Studio-based learning was the most cited approach [31,40,44]. Adapted from
architecture and art education, as well as from collaborative problem-solving
pedagogies, studio-based learning has shown great promise for computing edu-
cation [47]. Key elements of studio based learning include exploring multiple
solutions to a problem, justifying the choice of one solution, and being subject
to, as well as providing, peer reviews [47].

Yang et al. [41] propose a new approach, called interest-based learning, in
this approach “students are guided to organize teams by same personal hobbies
or specialties, e.g. music or sports, and conduct research on HCI in these familiar
and interested topic.”

It can be observed from this analysis that the teaching of HCI to undergrad-
uates has used some kind of active learning approach, considered here as “any
instructional method that engages students in the learning process”[5]. The pop-
ularity of active learning among HCI teachers seems to be clear when assuming
that this approach tries to involve the students in a way that is closer to the
professional environment. Most of the importance of HCI for the IT industry is
related to practical activities such as interface prototyping and development or
usability testing, for instance. The approaches identified on the selected papers
try to actively involve the students at doing something rather than passively
receiving information. For Hundhausen et al. [31], giving the students a more
central participation “is akin to the situation of an expert designer presenting a
user interface design to a design team in a real-world company.”

RQ2 What are the available technological tools specifically developed to sup-
port HCI teaching?

Although HCI is closely related to computers and some other technological
devices, the use of tools specifically developed for HCI teaching does not seem
to be very widespread. From the selected papers, only 6 mentioned some kind
of tool during the process and, among them, only 2 described tools that were
specifically designed for the purpose.

One of those tools is a serious game, called UsabilityGame [29], that offers
the students the opportunity to practice the usability lifecycle by addressing
requirement analysis, prototyping and heuristic evaluation. When playing the
game, the students have to select the correct set of requirements for each scenario
presented, develop a prototype to be evaluated by the teacher and evaluate real-
world interfaces by choosing one of Nielsen’s heuristics [48] that would correctly
improve the detected usability issue. The main role of the teacher, during the
game, is to set up the game according to the student’s learning objectives, to
conduct the evaluation of the prototypes, and monitor the performance of the
class.

The other tool is WOZ Pro (Wizard of Oz Prototyper) [31], a low-fidelity
prototyping environment that was developed to support prototyping creation
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and wizard of oz testing. Although it was conceived to be used by college students
who are first learning about interaction design, this tool could also be used
outside the educational context [49].

A few other tools such as an environment for editing and analysis of task
models (CTTE – ConcurTaskTrees Environment [30]), an e-learning environ-
ment (SCELE – Student Centered e-Learning Environment [33]), a virtual world
platform (OpenSimulator [32]) and even simple art supply [49] were mentioned
to be used during the teaching process and they can all be as valuable as the
computer-based tools described above. However, HCI teachers seem not to have
many choices when picking out some supporting tool that could meet their edu-
cational purposes.

RQ3 How have the approaches or technologies used to teach HCI been evalu-
ated?

The selected studies were also classified following the research type classifi-
cation proposed by [28]. According to this study, most of the primary studies
(76%) were classified as experience papers, presenting the authors’ experiences
in class. The importance of these papers rely in the relevance of the lessons
learned by the author from that experience [50]. Three other studies (18%) were
classified as evaluation research, with the proposal of a novel piece of knowledge
in HCI education. At last, 1 study (6%) was classified as an opinion paper (see
Table 4).

Despite the importance of experience papers, that contribute with experi-
ences of in-practice approaches, revealing their results when applied in real con-
texts, the number of studies evaluating new developments in HCI education does
not seem to be very large. This high percentage of experience studies on HCI
education seems to indicate that researchers are mostly concentrated on apply-
ing their efforts to understanding the area, producing data to pave the road of
further developments.

When evaluating the result of the applied approaches: (i) a simple survey was
used in 7 studies [9,34–37,41,44] without statistical tests; (ii) 4 studies applied
statistical analysis to evaluate their results (Wilcoxon test [29], Pearson Product-
Moment Correlation Coefficient [40], Kruskal-Wallis, Mann-Whitney [42], chi-
squared test and ANOVA [31]); (iii) interview [9,40] and structured interviews
were used by [32]; (iv) observation was the technique used by [32,36,40]; and (v)
content analysis (video) used by [31].

The size of the sample used by the researchers ranged from 8 [44] to approx-
imately 1,150 [35] students participating in the process. When analyzing the
mean and the median numbers (159 and 40, respectively), they are considerably
higher than those of the studies published at CHI2014 [51].

4.1 Threats to Validity of the Mapping

One of the major problems with systematic reviews is finding all the relevant
primary studies (evidence). In this case, three search strategies were used to



166 A. L. de Souza Lima and F. B. V. Benitti

Table 4. Research type classification [28]

Research type Papers

Experience papers [9,30,32–37,39–41,43,44]

Evaluation research [29,31,42]

Opinion paper [38]

ensure that the largest number of related studies would be found: (i) Automatic
search in 3 different databases; (ii) Manual search in specific proceedings of
two conferences of HCI area not indexed on the searched databases; and (iii)
backward and forward snowballing.

In addition, our search strings were designed to find the maximum number
of relevant papers. Nonetheless, it is possible that they have missed studies that
used different terminology to describe any part of the string.

The search resulted in some papers that, in spite of having their titles and
abstracts in English, were actually written in other languages. Those papers were
excluded from the selection, but, due to language limitations, it was not possible
to assess whether they had relevant information or not.

Readers must consider that a systematic review is by definition limited by the
search date, the electronic sources and key terms used in the search. Therefore,
it is possible that other papers may be included in a future replication of the
study. The results are limited by the previous features, and by the evolution of
the HCI education area itself.

5 Conclusions

Although HCI teaching is present in many computer-related programs, it seems
that HCI teaching in undergraduate level has not been drawing enough attention
from researchers, what is evidenced by the small number of selected papers. This
conclusion gets patent when looking at the dates of the publications and realizing
that for two years in a row there were no selected publications on the theme.
The lack of selected papers from the proceedings of prestigious conferences shows
that the road is still open for research in HCI education.

Most of the selected papers presented researches on either development or
evaluation methods teaching. Nevertheless, the teaching of some topics, such as
Relevance of HCI and Devices, was not mentioned. The lack of research on those
topics does not mean they are less important than others, it simply means that
there is a field ahead to be explored.

Active teaching approaches as a whole seem to be the main option when
teaching HCI to undergraduate students. The present study did not try to cat-
egorize the multitude of approaches or evaluate its results when applied to this
area of knowledge, because the prevalence of one approach over the others could
not be stated in small number of primary studies found. This categorization
might eventually become an object of future work.
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HCI teachers have very few options when choosing a supporting tool exclu-
sively developed for their classes. The same does not happen in other areas of
knowledge on computer field. On a paper of 2009, for example, Wangenheim and
Shull [52] found 16 games used in software engineering education, most of them
computer-based, but also card or board games. Although the paper concludes
that more research in the area is necessary, it is clear that there were a higher
number of educational games on software engineering 10 years ago than there
are of educational tools for HCI today. Future work on these tools would bring
great benefit for HCI teachers and students.

Finally, it is noted that few empirical studies have been conducted to verify
the results obtained by the different teaching approaches and tools used. Thus,
this paper suggests that more empirical studies be performed with sufficient rigor
to improve the body of evidence in the HCI education field.
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Abstract. Corporate Social Responsibility can be considered as the
integration in an organisation of social and environmental concerns in
their operations and in their interaction with their stakeholders on a vol-
untary basis. Universities, as leaders in higher education and scientific
advancement, have long adopted this social responsibility from several
points of view, particularly training their students. Our research focuses
on effectively introducing the social factor in the training of engineers.
In order to do this, four principles or dimensions define our proposal:
Project-Based Learning, that uses an engineering project as a central
element of learning; Transversal Learning, that uses a project defined
between several disciplines; Professional Learning, which takes place in
an environment that is very close to the professional context; and Service
Learning, in which the academic results not only benefit the learner but
also the society. In short, we propose a transversal project-based learning
experience developed in collaboration with an external organisation that
contributes its problems and collects the solutions developed by the stu-
dents. As a consequence of this collaboration, the students are introduced
to a real professional environment, and provide both a strategic vision of
the organisation and innovative solutions to their problems. In addition,
the institution has a social character as it is a non-profit organisation
that works with disadvantaged people (Spanish Red Cross), which turns
the experience into a service learning experience. The result is encourag-
ing and very positive, as evidenced by the opinions of students, teachers
and the organisation that hosts the experience.
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1 Introduction

Although there is no unique definition of Corporate Social Responsibility (CSR),
it can be considered as the integration in an organisation of social and environ-
mental concerns in their operations and in their interaction with their stakehold-
ers on a voluntary basis [1]. For the European Commission, CSR provides the
foundations of an integrated approach that combines economic, environmental
and social interests to their mutual benefit. It opens a way of managing change
and of reconciling social development with improved competitiveness.

Other terms used for CSR in specialty literature are corporate responsibility,
corporate citizenship, corporate sustainability or corporate sustainable develop-
ment [2]. It is important to note several issues about CSR: it covers both social
and environmental aspects, it must be aligned with the organisational strategy,
it has a voluntary character and it concerns how the organisation interacts with
their internal and external stakeholders.

Universities, as leaders in higher education and scientific advancement, have
long adopted this social responsibility from several points of view. The social
dimension of the University is adopted through its teaching, research and cul-
tural extension functions. For this reason, it must comprehensively incorporate
aspects relating to professional ethics, the development of key competences and
entrepreneurial initiatives, as well as the impact of technologies and processes in
terms of social and environmental sustainability, being a driving force for change
for future professionals [3].

Our research focuses on the field of engineering, although it can be extended
to any other field. Since engineers must be socially responsible, but they must
also know how to operate in a professional environment, we make a proposal to
effectively introduce the social factor in the training of these professionals. In
order to do this, four principles or dimensions define our proposal (hence the
name Four-Dimensional Learning):

– Project-Based Learning, as a teaching methodology that uses an engineering
project as a central element of learning.

– Transversal Learning, which uses a project defined between several disciplines,
which brings it closer to a real project, in which transversal concepts partic-
ipate.

– Professional Learning, which takes place in an environment that is very close
to the professional context in which future engineers will develop their work
once they have finished their studies.

– Service Learning, as a way of endowing the project with a social character, in
which the academic results not only benefit the learner but also the society.

In order to incorporate social responsibility in the training of future com-
puter engineers, we propose the coordination of transversal subjects, developed
through a project that articulates all the activities of the subjects. In short, it
is a transversal project-based learning experience.

In addition, this project is developed in collaboration with an external organ-
isation that contributes its problems and collects the solutions developed by the
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students. As a consequence of this collaboration, the students are introduced
to a real professional environment, and provide both a strategic vision of the
organisation and innovative solutions to their problems. In addition, the insti-
tution has a social character as it is a non-profit organisation that works with
disadvantaged people (Spanish Red Cross), which turns the experience into a
service learning experience.

As a consequence of their project, the students develop their skills related to
the social responsibility that every engineer must have.

The result, after several years of experience is encouraging and very posi-
tive, as evidenced by the results of satisfaction of students, teachers and the
organisation that hosts the experience.

The document is organised as follows: Sect. 2 presents the background of the
research, including a short review on the main concepts. The context is presented
in Sect. 3, with a brief description of the subjects. Section 4 is devoted to explain
our proposal in depth. Finally, some conclusions are highlighted in Sect. 5.

2 Background

2.1 Social Responsibility and Higher Education

In recent years, social responsibility has gained prominence in many fields, and
particularly in university environments. The university governance is becoming
aware of this need and there is a proliferation of actions related to CSR, organic
units dedicated to these actions and specialised training in this field. However,
there is no consensus on the concrete definition of this concept or on how to
implement it through specific strategies and actions. Each institution and each
author determine its own orientation.

For example, [4] tries to facilitate understanding of the concept of CSR as
a strategic challenge for universities and conducts a literature review in which
he detects three major perspectives for this concept: managerial, transforma-
tional and normative. The management approach is concerned with analysing
the impact of university work in society, especially through accountability of their
actions and decisions to their stakeholders. The transformational approach, how-
ever, focuses on reviewing the university’s contribution to debate and reflection
to achieve a more sustainable and just society. Finally, the normative approach
focuses on the development of normative frameworks from the university as an
axis to do the right thing in life in society, through the establishment of national
or global university networks around social responsibility.

The transformational perspective is especially interesting to us because it is
the one we have taken in our work. Gaete Quezada [4] classifies the different
initiatives into four areas: training, research, social leadership and social com-
mitment. In the area of training, in which our proposal is included, the main
actions are related to Service Learning and the relationship of the university with
society. Service Learning favours the preparation of students so that they insert
themselves into society as responsible citizens and contribute to its sustainable
development for mutual benefit.
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For its part, González Alcántara et al. [3] consider it important to inte-
grally incorporate aspects relating to professional ethics, the development of
key competencies and entrepreneurial initiatives, as well as the impact of tech-
nologies and processes in terms of social and environmental sustainability. This
author has studied the situation of CSR in Spanish universities and has iden-
tified a set of good practices for four axes: academic and pedagogical training,
research and dissemination, organisation management and social participation.
For the academic and pedagogical training axis, it considers as good practices
the existence of degrees in Social Responsibility, or subjects that promote the
values of citizenship, responsibility and social commitment in other degrees.
With regard to research and dissemination, good practices are considered to be
research actions aimed at achieving benefits for society (collaboration with com-
panies, research groups in CRS and the existence of ethical committees), and
dissemination actions (websites, journals, conferences and other publications).
The good practices related to the axis of organisation management include dia-
logue with interest groups, commitment with workers, integration of CSR in
management or transparency. Finally, on the axis of social participation, good
practices are identified as actions that allow society to be participants in the
university, not requiring them to be students or staff, as well as measures to
encourage volunteerism and cooperation.

Particularly, the University of Alicante, in which this proposal is framed,
is a public and socially responsible institution, whose mission is the integral
training and development of its students. Not only in knowledge and disciplines,
but also the promotion of the critical awareness, social responsibility, health and
sustainability principles, to contribute effectively to the welfare of the society
where it is inserted. It should also be added the guarantee of personal dignity,
the free development of persons, without any discrimination, and finally, the
right to effective equality between women and men. Research is another basic
principle to increase improvement of knowledge. On the one hand, by its transfer
through teaching. On the other hand, the direct contribution of the University
to the society through its inescapable commitment to the cultural, scientific
and technological development. In this way, thanks to the collaboration with
other social agents, such research can be realised in innovation for sustainable
development and the improvement of the quality of life [5]. The references that
guide the values of the University of Alicante are designed in order to foster
the quality of a public university. Among these, it can be found solidarity and
sustainability.

This initiative is part of the curriculum of Masters Degree in Computer
Engineering, among which the following competences stand out [6]:

– Ability to project, calculate and design products, processes and installations
in all areas of computer engineering.

– Ability to manage works and computer systems installations, complying with
current regulations and ensuring service quality.

– Ability to manage, plan and supervise multidisciplinary teams.
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– Capacity for the elaboration, strategic planning, direction, coordination and
technical and economic management of projects in all areas of Computer
Engineering following quality and environmental criteria.

– Capacity for the implementation, direction and management of manufactur-
ing processes of computer equipment, with a guarantee of safety for people
and goods, the final quality of products and their homologation.

– Ability to understand and apply the ethical responsibility, legislation and
professional deontology of the activity of the profession of Computer Engineer.

– Ability to apply the principles of economics and management of human
resources and projects, as well as legislation, regulation and standardisation
of information technology.

– Capacity for strategic planning, elaboration, direction, coordination, and
technical and economic management in the fields of computer engineering
related, among others, with: systems, applications, services, networks, infras-
tructures, or computer facilities and software development centres or factories,
respecting the proper compliance with quality and environmental criteria and
in multidisciplinary work environments.

– Ability to manage research, development and innovation projects in compa-
nies and technology centres, guaranteeing safety for people and goods, the
final quality of the products and their homologation.

– Ability to design, develop, manage and evaluate certification mechanisms and
guarantee security in the treatment and access to information in a local or
distributed processing system.

– Capacity to contribute to the future development of information technology.
– Ability to integrate knowledge and deal with the complexity of making judge-

ments based on information that, being incomplete or limited, includes reflec-
tions on the social and ethical responsibilities linked to the application of their
knowledge and judgements.

The concepts of ethical, social and professional responsibility, deontology,
regulations, sustainability, safety, standardisation, resource management, inno-
vation, service, and transference are present in every subject and area of the
curriculum. In this context, the aspects of CSR in a wide sense are fully justified
in the curriculum of Computer Engineering. A good way to complete the training
of these future professionals may be the development of transversal projects as
a service for non-profit organisations and we already have some previous expe-
riences about this question. For instance, we have experience in achieving the
social inclusion of disabled people, as part of the social responsibility of future
engineers, through the realisation of the final degree project in collaboration with
associations of disabled users, in particular through the design and development
of adapted video games [7]. The students are trained in the social responsibility
but also solving some problems of inclusion in the collective of disabled users
(such as the access to digital entertainment) and carrying out an in-depth study
about the interaction problems for these users, providing concrete and practical
solutions. As a result, the experience has served to introduce the aspects of social
responsibility in the curricula of engineers in a very effective way.
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2.2 Project-Based Learning

The vertiginous evolution of today’s society is demanding increasingly new skills
from professionals. These professionals of the future, among other skills, need to
manage change appropriately, collaborate and cooperate with other profession-
als, integrate different points of view, operate in technological, multidisciplinary
and multicultural environments or be autonomous in the search for information
and learning. In short, they must be prepared to adapt to changing environmen-
tal conditions with high uncertainty.

One of the teaching methods that best adapts to these characteristics is
Project Based Learning (PBL) since it allows to cover the key aspects of which
we have spoken, with a professional project as objective, with an active role
of the student, cooperative and interdisciplinary, and with an adequate use of
technological resources.

There are numerous successful works of application of the PBL methodology
in Engineering studies. The PBL develops skills such as encouraging teamwork,
encouraging autonomous learning, reinforcing oral and written communication,
and improving the ability to plan time, among others [8,9]. In addition, the PBL
allows an approximation to the professional practice of future engineers and to
develop a finished product that can be included in their personal portfolio [10].

2.3 Transversal Learning

Traditionally, curricula are divided into subjects that divide knowledge into
stand-alone partitions. However, knowledge is not compartmentalised, and real
problems always need the help of different branches of knowledge. In contrast
to this classical division into subjects, transversal and multidisciplinary learning
enriches the formative work in such a way that it connects and articulates the
knowledge of the different disciplines and establishes connections between mere
instruction and integral formation.

Multidisciplinary refers to the broad spectrum of scientific fields that are
collectively employed to provide heterogeneous training experiences for learners
[11]. Several studies have proven that multidisciplinary projects have made a
positive difference in both teachers and students, increasing their motivation
[12,13].

Transversality is a related and wider concept. It seeks to see the entire edu-
cational experience as an opportunity for learning to integrate its cognitive and
formative dimensions, which has an impact not only on the established curricu-
lum, but also on the educational culture and all the actors that are part of it
[14].

The transversal dimension of learning not only implies a change in educa-
tional practice, but it must play a fundamental role in the profile of the future
citizen. In this sense, one of the most innovative options of the current educa-
tional proposals lies in firmly advocating an integral formative action that takes
into account both the intellectual and moral aspects in a balanced manner and
promotes the harmonious development of the students’ personalities, without
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forgetting the problematic social context in which they live. At this point, the
direct involvement of learners with social agents through Transversal and Ser-
vice Learning implies a decisive humanising orientation of educational practice.
Some authors define this Transversal Learning from a triple perspective [15]):
in the attitudinal contents of each curricular area, in some optional subjects
and through the so-called transversal axes, teachings or subjects. In our case
we achieve transversality through the integration of several subjects, proposing
unique projects that deal with different aspects and analyse common cases from
different perspectives [10].

2.4 Professional Learning

Profession is defined as a vocation requiring specialised knowledge and often long
and intensive preparation including instruction in skills and methods as well as
in the scientific, historical, or scholarly principles underlying such skills and
methods, maintaining by force of organisation concerted opinion high standards
of achievement and conduct, and committing its members to continued study
and to a kind of work which has for its prime purpose the rendering of a public
service [16].

Professional Learning is a cognitive-affective process of the human being or
a collective, through which the appropriation and systematisation of the pro-
fessional experience and technological culture is produced, favouring that the
learner develops his labor competences, immersed in the real processes of activ-
ity and communication of a company [17].

Professional Learning has the advantage that the learner obtains the work
and professional skills necessary to perform successfully in the work activity, but
it does so immersed in that work context significant for him, assimilating, appro-
priating and systematising the organisational culture of the companies and the
work experiences accumulated in them. In addition to the obvious relationship
between the learner and the company with which he or she is trained, relation-
ships are created between the teacher and the company, between the educational
center and the productive entity, between the teaching process and the produc-
tive process, and between academic education and professional training.

To achieve the learning of professional skills, Project-Based Learning is espe-
cially useful as it introduces the student to a realistic project [10,18]. If in addi-
tion, this project is performed with the collaboration of a real organisation, the
project in addition to being realistic is also real, and you get the development
of professional skills of which we spoke.

2.5 Service Learning

There are several points of view when defining the Service Learning concept.
Some approaches emphasise the roles of faculty and community members in the
process, and others make social justice or systems change an explicit objective
[19].
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The Corporation for National and Community Service emphasises the fact
that with this type of learning, students develop through active participation in
experiences that meet the real needs of the community. These experiences need
to be integrated into the students’ academic curriculum and provide structured
time for reflection. In this way learning goes beyond the classroom and extends
into the community [20].

An important nuance that distinguishes Service Learning from other types of
experiential learning (school volunteering, community service, field activities or
internships) is the fact that there must be reciprocal benefits, i.e. Service Learn-
ing only occurs when there is a balance between learning objectives and service
outcomes. In short, in true Service Learning the results of the experience must
benefit both the service provider (the student and the educational institution)
and the receiver (the social organisation) and the two facets of the process (as
a learning process for the student and as a service for the organisation) must be
balanced [19,21,22].

This is our approach in this work. We are interested in a reciprocal Service
Learning, since the first goal is using a project to make the students learn, but
this project is performed for a social organisation which is, in turn, interested
in receiving a final product. Moreover, there is a third facet in Service Learn-
ing: in addition to the acquisition of the specific technical skills of each degree,
this methodology (complemented with PBL) also reinforces the training of the
transversal skills that all students must develop in order to be good profession-
als: critical and reflective thinking, decision making, teamwork, communication
and negotiation, problem solving and initiative. This way, the possibilities of
labor insertion are multiplied, as these skills are among the most demanded by
employers.

3 Context

Originally, the master’s programme was designed as a face-to-face course. Subse-
quently, the course became a blended-learning course [23], so the subjects had to
be modified to include a part of non-classroom work with a significant workload.
In this section we explain how the subjects were after their transformation to
become blended-learning, but before the experience presented here.

The two subjects that take part in this experience are Strategic Direction of
Information Technologies and Applied Technological Innovation. Both are com-
pulsory first-year subjects, taught in the first semester, and their design is based
on the principles of teaching by example (for the teacher) and learning by doing
(for students). For this reason, the principles and techniques specific to each
discipline (management skills and instruments for direction and innovation) as
well as the principles and diversity of teaching innovation tools were taken into
account. Thus, the subjects were made up of different pieces fitted together mak-
ing a puzzle, and with the evaluation as the backbone of the teaching proposal,
indicating to the students the path to follow.

The fundamental blocks of the design, applying the principle of task-centred
learning, are:
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– Lessons: devoted to expose the theoretical contents of the subject.
– Workshops: devoted to organise a hands-on session about specific techniques

or methods.
– Deliverables: that students must hand over in order to success the subject

and fulfill the learning outcomes.

Following the philosophy of Flipped Learning, the classroom hours were
invested in the tasks that best took advantage of the interaction, both between
the teacher and the students and between the students themselves. And the
student’s autonomous work consisted of preparing for the face-to-face sessions:
watching videos, reading documents, searching information, interpreting info-
graphics and figures or navigating through websites.

For the evaluation of the students’ learning, different instruments depending
on the subject were used as a cocktail, which made it possible to measure the
students’ learning from different perspectives. In addition, in the last session the
subject and the teacher were evaluated by means of a satisfaction survey.

This modular and task-based design has allowed us to evolve the subjects
throughout the seven academic years that they have been teaching and make the
coupling between both subjects and the adaptation to the Spanish Red Cross
organisation in a simpler way. In the following sections, we present each of the
subjects in more detail.

3.1 Strategic Direction of Information Technologies

The subject is organised in four main blocks: IT governance, Technology fore-
sight, Managerial skills and Strategic planning, with the CIO (Chief Information
Officer) as the centre of the subject. The task-based approach allows the stu-
dents to acquire the knowledge corresponding to one or several of the four blocks
of the subject through the performance of these tasks. In addition, they develop
different skills, depending on the type of task (lesson, workshop or deliverable).
Figure 1 presents in a schematic way the structure of the course and the different
tasks proposed.

A key element was introduced in the course: learning minutes. They ensured
the proper organisation of all this educational architecture and helped the stu-
dents to be aware of what they were doing at each moment and what they
had yet to do. A more detailed description of the design of the subject can be
consulted in [24].

The evaluation of the students’ learning has been carried out through differ-
ent instruments (questionnaires, conceptual map, practical work, participation
and preparation of workshops, oral presentation of the works, defence of an IT
trend...) in order to have a multifaceted vision of the students’ learning results.
Throughout the course, at the end of each activity (a whole block) there was a
brief debate about the positive and negative aspects of the activity.

Satisfaction surveys carried out at the end of each year show that the stu-
dents, in a time sustained manner, have valued the subject very positively. In
terms of content, they essentially report that this model has allowed them to
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Fig. 1. Structure of Strategic Direction of Information Technologies

do more research on the subjects as well as helping them to delve deeper into
certain concepts. And as relevant aspects, they say that it is good to spend time
studying at home and debating in class and that the blended-learning model has
helped them to combine studies with work.

3.2 Applied Technological Innovation

Since its inception, the subject has introduced Project-Based Learning as a dif-
ferentiating element. Therefore, the main objective of the subject is to acquire
knowledge, skills and abilities in a proactive way, carrying out an innovation
project from its conception, covering the different stages necessary for its cor-
rect design and implementation.

The subject can be divided into four main thematic blocks (Fig. 2): Creativ-
ity, Innovation Management, Innovation Implementation, and Ethical and Legal
Aspects. In some of the didactic units these aspects are seen from more than
one perspective. Specifically, the units dealing with the issues of SMEs, Technol-
ogy Alliances and Financing are seen from an innovation management approach
(through case studies, trends and possible improvements), from an innovation
implementation approach (how the specific project can be financed, or which is
the best alliance to carry it out) and from an ethical and legal approach (defining
the legal requirements and social responsibility aspects that must be considered
to carry out and implement the project in question).

The subject begins with sessions in which the origins of innovation are eval-
uated and workshops are held to generate, defend and evaluate ideas, already
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Fig. 2. Structure of Applied Technological Innovation

focusing on a specific project. The tasks of the students in the successive sessions
are:

– Define the objectives and value proposition of their project, its strengths and
weaknesses, as well as the innovation it represents for society.

– Describe in detail the whole project, evaluate the risk management and study
the impact it would have, both at the innovation level, as well as at the ethical
and social level.

– Present a plan for dissemination and exploitation of the project.
– Detail the estimated budget for the implementation of the project.
– Specify the most appropriate financing plan for the project, weighing the

different types of public and private financing.
– Search for possible alliances that would be convenient for the real implemen-

tation of the project.

At the end of the term, the project is fully defined and only its implementa-
tion and real deployment are missing, aspects that are beyond the scope of our
subject.

The evaluation of the subject is made from small deliveries that must be
made during the course and, mainly, from the project. The project is assessed by
teachers and by peer evaluation. The aspects that are assessed are: the commu-
nication capacity of the team, the technical quality of the project, the innovation
it implies, the viability of the project and the quality of the presentation, in such
a way that both specific and transversal skills are evaluated.
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4 Proposal

The Master in Computer Engineering [6] trains future technology directors, in
contrast to the Bachelors degrees and other Masters degrees that basically train
technicians. These professionals must have a broad scientific, technological and
socioeconomic training that allows them to direct and manage development and
application projects in the field of Computer Science. To this end, the degree has,
among others, objectives such as training for strategic planning; management
and coordination of multidisciplinary teams; technical and economic manage-
ment of projects; research, development and innovation projects; human resource
management and application of ethical responsibility, legislation and professional
ethics.

In this demanding environment of professionals with high management skills,
it was not appropriate to develop the subjects in the traditional way. For this
reason, this proposal was put forward as a result of the needs identified.

The starting point is the need to transversalise learning. That is why we
started with a collaboration between two subjects. In classical teaching, knowl-
edge has always been fragmented, in the form of subjects. Each subject focuses
on its own content and rarely communicating vessels between subjects are consid-
ered. However, the reality is that the real problems are not compartmentalised.
Problems do not belong to a single subject. Our students, particularly at the level
of Master, really know how to solve problems when they are able to integrate
the knowledge of the different disciplines. The two subjects chosen develop the
aspects of strategy and innovation that are indeed the two highest level elements
in organisations.

The second element is the decision to articulate the learning around a project,
due to the success of this methodology in the separate subjects and in some pre-
vious experiences of the teachers in other subjects [8–10]. This way, learning is
based on learning by doing in which skills, attitudes and knowledge are acquired
as a consequence of action. This methodology fosters skills such as autonomous
learning and work, self-evaluation and self-criticism, time planning, leadership,
oral and written expression skills, and so on. Moreover, the project is tackled
as a team, which allows, in addition, to acquire other transversal skills related
to group work, preparing the students for a social environment. The final con-
sequence is that the PBL improves student performance and motivation.

The third element we introduced into the equation was the use of a real case
to setup the project. Academic projects that are often used in the PBL are often
far from the reality of actual organisations. This means that the conditions for
project development are artificial and very controlled. In a real environment the
requirements tend to be much stricter and the situation much more uncertain.
The introduction of a real organisation has allowed us to develop a Professional
Learning, i.e., subject to the rules, the time and economic constraints, and the
uncertainty of a real professional environment.

Finally, we decided that the organisation that hosted our course should be a
non-profit institution with a social character. This has allowed us to approach
the learning process as Service Learning, so that the project resulting from the



Four-Dimensional Learning, a Response to Social Responsibility in Learning 183

subject had a double objective: to serve as learning for the students but also to
serve as a service to a third party and to society in general. On the other hand,
the fact of introducing students into a social environment, with interdisciplinary
teams made up of technologists and social agents, reinforces transversality, the
need to look for solutions in contexts very different from the usual ones and
learning in CSR matters.

Figure 3 presents the structure of the learning proposal. The project is the
centre of the process and involves both subjects and the organisation being stud-
ied. In the following sections a deeper explanation of the proposal is presented.

Fig. 3. Structure of Four Dimensional Learning

4.1 Project

The project becomes the centre of learning and the main deliverable of both
subjects. Although the project is unique, it develops the contents of both subjects
in two distinct parts:



184 R. Molina-Carmona et al.

– The Digital Transformation Plan: it is nourished by the different workshops
of Strategic Direction of Information Technologies subject, in which an in-
depth analysis of the organisation is carried out in order to identify strengths,
weaknesses, opportunities and threats and generate the SWOT analysis. This
analysis continues with the definition of objectives and actions to define the
strategy of the organisation. The identification of the main IT trends and
the development of managerial skills also contribute to the definition of the
Digital Transformation Plan.

– The Innovation Project: The Spanish Red Cross defines a problem and the
students frame it within the organisation’s strategies. From there they identify
a possible solution based on technology and propose an Innovation Project to
develop that solution. The Innovation Project is developed in several stages
in the subject Applied Technological Innovation, articulated in the form of
workshops: creativity and generation of ideas, financing, alliances, and so on.

In this way the following objectives are achieved thanks to the project:

– The project enables a complete analysis of the organisation.
– The project allows the identification of strategic actions in the field of IT.
– The project provides an innovative technological solution aligned with one or

more of the identified strategic actions.

4.2 Coordination

It is essential that the project is conceived as a single project with its own
entity, even if it is developed in several parts. This requires a complete coordina-
tion between the people involved (teachers and people in charge of the external
organisation) and between the contents of the subjects. To this end, the following
coordination mechanisms are established:

– Temporal and spatial coordination: the face-to-face sessions of the subjects
have been concentrated in a single day and in the same space, facilitating
plenary sessions and visits to the offices of the external organisation. This
coordination may seem minor, but it is very important because it eliminates
much of the logistical problems that existed when this was not fulfilled.

– Methodologies and content coordination: the different types of learning activ-
ities have been homogenised, with only three types of activities, as previously
mentioned: lessons (generally developed outside the classroom through read-
ings, videos, websites...), workshops (generally developed in the classroom, in
teams, drawing up minutes of what is done and agreed upon) and deliver-
ables (products that are developed in teams or individually, mostly carried
out outside classroom hours).

– Tools coordination: beyond the tools specific to each activity, the same Learn-
ing Management System is used to make the materials available to the stu-
dents, as well as the same tools for collaborative work.

– Teacher coordination: the teachers meet weekly for the joint follow-up of the
course development. In many cases, all teachers attend the same work session
(this always happens in plenary sessions).
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– Organisation coordination: teachers and the heads of the external organisa-
tion have several previous work sessions to define the objectives of the projects
for each academic year, to determine the departments of the organisation that
will participate in that course, and to agree on the dates of the plenary ses-
sions.

– Evaluation coordination: the evaluation of the project is joint, which implies
in itself a coordination mechanism between the subjects. The evaluation is
discussed in more detail in a later section of this article.

4.3 Sessions

The course is developed over 15 weekly sessions of 8 h, of which 4 are non-
classroom work and 4 are face-to-face work. The non-classroom work is perfectly
scheduled and consists mainly of lessons and the development of deliverables,
while the face-to-face sessions focus on teamwork in the form of workshops most
of the time. Moreover, the face-to-face sessions of the subjects are of two types:
plenary and ordinary.

The plenary sessions are joint sessions of both subjects in which all the stu-
dents participate (as they are independent subjects, there may be some students
enrolled in only one of them, although this is a very infrequent case), all the
teachers and the heads of the Spanish Red Cross. Although 4 h are available,
they last between 2 and 3 h, depending on the number of projects developed.
There are three plenary sessions throughout the course:

– Initial plenary session: It is a session of presentation of the subjects and of
the organisation. It is usually organised in a classroom at the University of
Alicante, in the first week, to which the Spanish Red Cross leaders are invited.
In this session the subjects are presented and an overview of the organisation
is given. In addition, a specific problem is presented, that students must
specify and frame in a strategic line within their Digital Transformation Plan.
In addition, this problem will serve as the basis for the Innovation Project,
in which they must find a technological solution.

– Intermediate plenary session: Before the end of the first half of the course
(towards the sixth or seventh week), a working session is organised at the
headquarters of the external organisation. At this time, the plans for Digital
Transformation and the Innovation Projects are outlined, but not specified.
It is time to resolve the doubts with the organisation. In addition, this session
serves to get to know the organisation and its headquarters, with the presence
of the heads of the different departments that give a complete view of the
Spanish Red Cross.

– Final plenary session: The last session of the course consists of the presen-
tation of the projects and of their evaluation. The session takes place at the
Spanish Red Cross headquarters. The presentation allows the development
of communication skills and the joint presentation of the results of all the
work of the term. Doing so at the organisation’s office provides a professional
framework, facilitates the assistance of the members of the Spanish Red Cross,
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gives it an institutional character and facilitates that the project is seen as
a service for this institution. The evaluation of the project is carried out by
peers and with the participation of the teachers and the organisation’s heads.
In a later section we delve into the evaluation issue.

The ordinary sessions last 4 h (2 h dedicated to each subject) and basically
the workshops proposed in each subject are developed, as previously mentioned.
Some of these workshops include the participation of members of the Spanish
Red Cross. Sometimes these persons travel to the classrooms of the University of
Alicante, other times are the students who move the offices of the organisation
and most times the communication is established through videoconference.

The sessions of the first half of the course (between the initial and the inter-
mediate plenary sessions) are aimed at developing basic skills, getting to know
the organisation in general, and generating ideas that will allow the development
of an innovative solution to the proposed problem. As a result, the intermediate
plenary session is reached with an outline of the Digital Transformation Plan and
two or three alternative solutions for the Innovation Project. The intermediate
plenary session allows to solve doubts and prepare for the final development of
the project.

After the intermediate plenary session, the first version of the Digital Trans-
formation Plan has been validated and the Innovation Project has identified the
criteria that allow defining a specific solution. From then on, and until the end of
the course, the ordinary sessions are dedicated to the complete development of
the project, deepening its contents and resolving punctually the problems that
arise directly with the Spanish Red Cross in specific work meetings.

4.4 Participation of the External Organisation

The participation of an external organisation and its involvement in the learning
process is fundamental to the success of such an experience. The organisation has
three fundamental roles in the process: it is the organisation being studied, so it
must be willing to share internal information that allows students to know it in
depth; it is the service beneficiary, so it must be able to provide a problem that is
strategic or at least of high interest to it; and it is the center of the development of
the project, so it must be willing to meet the needs of the students, participating
in the different work sessions.

A committed participation of the organisation has a high impact on the four
dimensions of learning that we have proposed. In this sense, the participation of
the Spanish Red Cross has been fully satisfactory.

4.5 Evaluation

Each subject is evaluated through different instruments such as questionnaires,
participation in class, short oral presentations, occasional deliveries and, of
course, the whole project. The aim is obtaining a multifaceted vision of the
students’ learning results.
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In the evaluation result, the main facet is, however, the project, in accordance
with the time devoted to its design and development. The project is assessed by
the students (peer evaluation), by the teachers and by the member of the Spanish
Red Cross.

The evaluation is carried out at the end of the course, in the final plenary
session, through a rubric, which is identical for all evaluators. The rubric assesses
the following aspects:

– Communication capacity of the team and quality of the presentation
– Team work and collaboration
– Quality of the strategical analysis of the organisation
– Quality of the innovative solution and its impact
– Technical quality of the project and its implementation
– Ethical and legal aspects
– Viability of the project, budget and financing.

Each aspect is evaluated at four possible levels:

1. Deficient
2. Enough
3. Good
4. Excellent

In addition, evaluators are asked to highlight the strengths and weaknesses
of the project and to offer their opinion freely.

4.6 Satisfaction and Opinions

At the end of the term, the opinion of the students and the Spanish Red Cross
heads is gathered through a questionnaire. The following are the most generalised
opinions regarding the learning model presented here.

The students value in a very positive way the dynamics of the subjects and
the project development within a real and social organisation. Their specific
opinions are focused on highlighting the following aspects:

– The project seems to them to be a perfect tool to practice all the aspects
studied in the subjects.

– The study of real cases is an attractive way for them to learn about the
contents of the subjects and to project them into the world of work.

– This way of working gives them new knowledge in order to approach their
professional projects from a different perspective. Thus, they perceive that
these subjects will be useful in the future.

From the Spanish Red Cross organisation, the people who collaborate in these
projects perceive very positively the way in which the students get involved in a
facet, the social scope, so foreign to the technological field. The comments that
they suggest to us after the experience can be summarised in:

– They are attractive projects with a good technological solution.
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– They are very innovative projects.
– The projects involve large collectives that the organisation deals with, so

they can be very useful for them and give practical solutions to some of their
problems.

– The impact that projects would have on society is very positively valued.

5 Conclusions

We have presented an approach called Four-Dimensional Learning, based on the
following four dimensions:

– Project-based learning: The project becomes the central component of the
learning process. We adopt the PBL as the central element, and the other
three dimensions of learning contribute to improving the project and the own
learning, as we want to represent in Fig. 3.

– Professional Learning: The project is based on a real case, but not only that,
the students have a direct contact with the organization: they know what is
their daily life, what are their real needs and particularities of the organization
(their priorities are probably different from those of a business, so they can
compare it with other examples they see throughout the degree).

– Transversal learning: The project is seen as a whole. Not only must a problem
be solved, but it is necessary that the project is framed in the strategy of the
organization. In this way they learn to satisfy the requirements of several
parts: the subjects (on the one hand, the strategy and on the other, the
innovation) and the organization itself.

– Service learning: The result of the project becomes a service to the organiza-
tion and, by extension, to society.

This approach makes it possible to develop several facets of a technology
manager in an organization:

– The role of the CIO, knowing all the aspects of the organization and taking
part in its governance. Its role, therefore, is to identify strategic actions of
the organization in the field of technology, always aligned with the rest of the
organization.

– The role as the person responsible for innovation, knowing how to conceive an
innovation project (for this reason special attention is paid to the development
of creativity) and how to manage it (at a more technical level).

– The role as the person in charge of prospecting, to identify new technologies
that allow solving the organization’s problems.

In addition, all this proposal contributes to developing a learning imbued
with social responsibility. This theme is not only a set of explicit lessons, but is
implicit in all learning. In this way, the need to attend to the social responsibility
of future engineers is much more set, as the students have faced the problem in
a real case and in a professional environment.
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Abstract. In this paper we report a study that aims to highlight the potential-
ities of the combined use of both digital and manipulative artefacts to construct
and conceptualize mathematical meanings related to the notion of translation.
The research hypothesis of our study is that, the alternating use of a digital and a
manipulative artefact foster synergically the construction of mathematical
meanings. Both the design and the analysis of data is framed by the Theory of
Semiotic Mediation in a Vygotskijan perspective. The study involved a class of
20 students, aged 13–14, of a secondary school in the Apulia Region, Italy. Data
collection of the study is based on student interaction transcriptions during
experimental task execution, written answers to given questions, and finally the
transcripts and video analysis of the collective discussions concluding each
experimental cycle.

Keywords: Semiotic mediation � Digital artefact � Translation � Interaction �
Synergy

1 Introduction and Rationale

Technology is almost everywhere in our lives and there is no process, even educational,
that does not deal with it. Moreover, technological resources have been combined with
already existing instrumental resources and used in didactic practices supporting the
construction of mathematical meanings. In recent years, a considerable corpus of
research has focused on the ways in which technologies can influence mathematics
learning, in particular how technology could offer new ways to interact with mathe-
matical thinking and generate new kinds of mathematical experiences for students [1–
3]. However, the digital technologies do not eliminate the need of a synergic rela-
tionship between all the educational artefacts, each of them bringing different possi-
bilities and supporting the process of incorporation and conceptualization in a different
way [4–8].

Moreover, one of the mathematical topics that need to be supported by artefact is
the geometric transformation. In Italy, as in other countries, geometric transformations
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appear in the curriculum, at different school levels, nevertheless, they do not receive
much attention by teachers. Also, in math research geometric transformation has not
been a popular topic. More recently, the advent of new technologies and specific micro
world for Geometry brought this topic to the forefront, mainly at secondary school
level [9].

We think that geometric transformations can become a powerful and effective tool
in solving geometrical problems only if they are introduced in a mathematically con-
sistent way, in other terms, if intuitive meanings emerging from actions and obser-
vation are suitably formalized into appropriate and well defined mathematical
properties.

On the basis of a recent research on the use of two artefacts for the construction of
the axial symmetry meaning [10], we report a study that aims to highlight the poten-
tialities of the combined use of both digital and manipulative artefacts for the con-
struction of the meaning of the translation. The study design is based on the Theory of
Semiotic Mediation (TMS), developed by Bartolini Bussi and Mariotti [11] in a
Vygotskijan perspective, which deals with the complex system of semiotic relations
among fundamental elements involved in the use of artefacts to construct mathematical
meanings: the artefact, the task, the mathematical knowledge that is the subject of the
activity, and the teaching/learning processes that take place in the class.

Our didactic assumption claims that the process of formalization characterizing a
geometrical transformation, such as the translation, can be achieved through the
mediation of specific artefacts. The TSM provides a reference for the design and the
implementation of a teaching sequence, as well as the analysis of the data resulting
from the experiment.

The research hypothesis of our study is that, during the resolution of a translation
task, the alternating use of a digital and a manipulative artefact generates in students a
cognitive interaction between the schema use of one of the two artefacts and the signs
exhibited while using the other artefact. This fosters a suitable and coherent con-
struction of the translation meaning and its properties.

In this paper we present the design and implementation of a teaching experiment
centered on the combined use of two artefacts. We will focus on the role played by the
theoretical frame analyzing the key moments of the teaching sequence where the
combination between the two artefacts was assumed to trigger the unfolding of the
expected mathematical meanings. The study involved a class of 20 students, aged 13–
14, of a Secondary School in the Apulia Region, Italy.

Our research is framed in a broader projection that, exploiting the teaching
experimental methodology, it aims at validating the hypothesis regarding the possible
synergic effect of the use of the two artefacts [10, 12].

2 Geometric Notion of Translation

The geometric concept referred to is that of translation. It is understood as an isometric
transformation of the plane itself. Specifically, it is intended to point out that the
translation is a point-to-point correspondence between points of the plane. Therefore it
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is the domain of the function, which transforms straight lines into congruent/super
imposable segments. It also keeps the parallelism and the width of the angles.

Moreover, closer attention will be paid to the properties of the translation through
which it is possible to construct the translated point of a given point with respect to a
vector, i.e. the parallelism between the joining of the corresponding points and the
direction of the vector as well as the preservation of the distance between the point and
its translation, and the form of the vector.

3 Theoretical Framework

According to Vygotskian view, the Theory of Semiotic Mediation (TSM) concerns the
complex system of semiotic relations between the elements taking part in the con-
struction of mathematical meanings through the use of artefacts: the artefact, the task the
artefact is used in, the mathematical knowledge which is the objective of the didactic
intervention and the teaching/learning processes that take place in the classroom [11].

The concept of artefact used here is consistent with the distinction between artefact
and instrument that was introduced by Rabardel [13] and re-elaborated by Bartolini
Bussi and Mariotti [11]: an artefact is any device created and realized by human beings
for any objective. The notion of artefact and that of schema of utilization [13] is the
main focus of the TSM’s construct of semiotic potential, that is the twofold relationship
that the artefact has with the personal meanings emerging from its use and the math-
ematical meanings that might be evoked by such use:

[…] on the one hand, personal meanings are related to the use of the artefact, in particular in
relation to the aim of accomplishing the task; on the other hand, mathematical meanings may be
related to the artefact and its use. This double semiotic relationship will be named the semiotic
potential of an artefact [11, p. 754].

The study of the semiotic potential will describe what could emerge in the class-
room, in particular actions and signs produced by the student and its relationship with
the mathematical meanings. This is why, it is the main focus of any teaching sequence
and it is the fundamental reference for the analysis of any experimental realization of
the didactic intervention. In particular, meanings related to the use of the artefact can be
referred to the schema of utilization that is shown by the students during a specific task.
Consequently, the design of the tasks develops on the base of a fine grain a-priori
analysis of the solution processes, and specifically on the identification of the schema
of utilization that are expected. According to the TSM, during semiotic activities
various signs are produced.

Personal meanings are expressed by the “artefact signs”, that often have a highly
subjective nature and are linked to the learner’s specific experience with the artefact
and the task to be carried out; these signs may evolve into mathematical meanings
expressed by the “mathematics signs”; finally the “pivot signs”, with their hybrid
nature, show the evolution between artefact signs and mathematics signs, through the
linked meanings. Such an evolution can occur together with specific semiotic activities,
in particular, in the peer interaction during the task and in the collective discussions,
accompanied by the expert guidance of the teacher. The collective construction of
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shared mathematical meanings is a complex process, where it is possible to distinguish
evolution paths (semiotic chains) described by the appearance and chain of different
types of signs: artefact signs, mathematical signs and pivot signs [11].

Finally, the notion of didactic cycle [11, p. 754] constitutes the unit of design: the
didactic cycle organizes the coordination between activities with the artefact and
semiotic activities finalized to make the expected evolution of signs occur. According
to this structure, the description of the sequence will be framed by an iteration of
didactic cycles.

4 The Artefacts

As described above, a digital and a manipulative artefact have been employed.
The digital artefact is Geogebra (GG) with some specific tools that correspond to

particular elements of the manipulative artefact. To be more specific, the tools chosen
are those that allow the construction of some geometric objects (point, straight line,
segment, vector, perpendicular and parallel line, and intersection point), the ‘Transla-
tion’ artefact and the ‘Trace’ tool. A very important role is also played by the dragging
function, boosted by the ‘Trace’ tool that allows observing the invariance of the
properties characterizing the figures.

The manipulative artefact consists of a sheet of paper, with a vector line drawn on it
marking where to fold it, a transparent sheet of paper used to copy the initial figures and
a pin used to pierce both the sheets at the right points in order to construct their
translated points (Pa+T+Pi). This artefact allows a translation to be directly created
because the sheet naturally models the plane, the transparent sheet of paper allows
moving the figure on the plane and sliding the transparent sheet allows the production
of translated points using the pin.

The original aspect of this study concentrates on the choice of two different arte-
facts and of the didactic assumption that by using these two artefacts in an intentionally
combined way, it is possible to create a fruitful synergy between them [10].

To be more precise, it is possible to design a teaching sequence so that it can
connect the semiotic potential of one artefact with the semiotic potential of the other, in
a way that the semiotic potential of an artefact can potentiate the semiotic potential of
the other.

5 Research Methodology

According to the TSM and the main assumption concerning the possible synergy
between the two artefacts, a teaching sequence following the general scheme of suc-
cessive ‘didactic cycles’ has been formed; the main hypothesis, however, consists of
alternating activities that involve the use of one or the other artefact, and of formulating
tasks that could exploit the complement of their semiotic potentials.

All the pupils involved were at an average mathematical level. Data collection of
the study is based on student interaction transcriptions and videotapes during experi-
mental task execution, written answers to given questions, and finally the transcripts
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and videotapes of the collective discussions concluding each experimental cycle.
A specific lens of analysis is related to the identification of key elements supporting our
synergy hypothesis.

The semiotic potential related to each of the two artefacts and how a synergy
between them can influence the construction/conceptualization of translation and its
properties, will be shown by the analysis of some episodes.

In this paper we will analyze the data coming from the first two of these cycles and
we will demonstrate the unfolding of the semiotic potential related to each of the two
artefacts, and how a synergy between them can influence the construction of mathe-
matical meanings.

6 Focus on the First and Second Didactic Cycles

In this section, we present in detail the first and second didactic cycle describing the
tasks and the semiotic potentials of the artefacts involved.

6.1 Description of the Tasks of the First Cycle

The first didactic cycle involves two tasks (Task 1 and the Task). Given a figure
(convex quadrilateral) drawn (in black) on a sheet, at the moment while handing over
the sheet a red vector is drawn on it. The task is:

TASK 1 – first part
Draw in red the translated figure of the black one, with respect to the red vector, with
the help of a transparent sheet of paper and a pin:

• Fold the sheet along the line identified by the red vector so that the folded sheet
portion overlap the white sheet;

• Overlap the transparent sheet of paper over the white sheet, putting it into the fold;
• Trace the black figure on the transparent sheet of paper and make a notch on it at the

point where the vector begins;
• Slide the transparent sheet into the fold until the notch reaches the tip of the vector

arrow;
• Pierce the transparent sheet and the white sheet by piercing with a pin on the figure

on it;
• Remove the transparent sheet and join the holes by using a red marker.

After completing this task, on the same paper, the teacher draws a blue vector. The
task is:

TASK 1 – second part
Draw in blue the translated figure of the black one, with respect to the blue vector, with
the help of a transparent sheet of paper and a pin:

• Fold the sheet along the line identified by the blue vector so that the folded sheet
portion overlap the white sheet;

• Overlap the transparent sheet of paper over the white sheet, putting it into the fold;
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• Trace the black figure on the transparent sheet of paper and make a notch on it at the
point where the vector begins

• Slide the transparent sheet into the fold until the notch reaches the tip of the vector
arrow

• Pierce the transparent sheet and the white sheet by piercing with a pin on the figure
on it;

• Remove the transparent sheet and join the holes by using a blue marker.

In the final task, the pupils are asked:

TASK 2
Observe what you have done and write the answers to the following questions:

• How many times did you point the pin to draw the red figure?
• Where did you point the pin?
• How many times did you point the pin to draw the blue figure?
• Where did you point the pin?
• Describe how you drew the translated figure obtained by folding the sheet along the

direction identified by the vector and sliding the transparent sheet of paper.
• Look at the red figure and the blue figure. What looks the same about them? Explain

why.
• What looks different? Explain why.

6.2 Analysis of the Semiotic Potential and the Schemes of Utilization
of the Artefacts P+T+P in Relation to the Described Tasks

According to the TSM, we assume that the meanings’ construction and their emergence
through signs’ production are based on the development of utilization schemes related
with both the artefact and the specific task [11, p. 748].

The artefact Pa+T+Pi, related to Task 1, evokes four important mathematical
meanings:

1. The idea of the vector of translation (direction, modulus and orientation), expressed
by folding the paper along a line; by sliding the transparent sheet of paper along the
straight line for a fixed distance, by sliding the transparent sheet along the straight
line in one of the orientation indicated by the arrow;

2. The idea of translation as correspondence of points, expressed by the holes in the
paper made by piercing it with a pin;

3. The idea that the translated figure depends on the vector of translation, expressed by
comparing what changed and what didn’t change in two translated figures when
drawn on different vectors after folding the paper;

4. The idea of translation as a one-to-one correspondence that transforms segments
into other congruent and parallel segments: as a matter of fact, this property cor-
responds to the fact that joining the points obtained with the pin produces a figure
that is the translation of the original one.

Taking into account previous results [14] and with the aim of fostering the emer-
gence of specific signs related to the task, some particular expressions, words and
phrases, have been chosen purposefully in the formulation:
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• To fold along a line, is used to refer to the direct action when using the vector;
• Overlap transparent sheet of paper over the white sheet, trace black figure over the

transparent sheet and make a notch on the transparent sheet at the point where the
vector begins, slide the transparent sheet into the fold until the notch reaches the tip
of the vector arrow, with the aim to refer to transfer the original figure on a plane
which moves following the direction and orientation vector actions;

• To point, is used to refer to the direct action when using the pin to point and pierce
to find the translated point;

• To join, is used to refer to the direct action when drawing a segment between two
corresponding points;

• Translated figure, is used to refer to the direct outcome of the six actions (folding
along a line, overlap, trace, slide, pointing/piercing on the vertexes of the figure,
joining the points/holes);

• What looks different, is used to refer to the direct action when comparing two
translated figures obtained by the same figure with respect to two different vectors.

Let’s now describe the semiotic potential of Pa+T+Pi artefact referring to con-
ceptualizing vector of translation and the point-to-point correspondence. For this we
will analyze the possible schema of utilization relating to previous tasks. Given a drawn
black figure on the white sheet on which a red vector is drawn consequently, we want
to obtain the translated figure of the already given one, with respect to the red vector,
by using the fold along the line of the given vector, the transparent sheet on which to
trace the black figure and translate it into a new position by sliding it along the fold,
with respect to the orientation and modulus of the vector and by using a pin to
recognize translated points obtained by piercing the sheets, both the white and the
transparent one.

When this task is accomplished, on the same sheet we will draw a further blue
vector, giving the same task. So the previously defined parts of Task 1 will be given
separately. In Task 2 pupils will be asked to answer some questions.

6.3 Description of the Tasks of the Second Cycle

The second didactic cycle involves two tasks (Task 3 and Task 4) to be carried out
using the digital artefact GG and by using the buttons/tools “translation” and “trace” as
well as the dragging function.

Task 3

• Open in a new Geogebra file, graphic view without axis and grid;
• Draw a quadrangle and call it “t”, then name its vertices A, B, C and D;
• Draw a vector outside the quadrangle and call it “s”;
• Using the button/tool ‘translation’, construct the translated figure of figure “t” with

respect to the vector “s” and call it “t’”;
• Call the corresponding vertices respectively A’, B’, C’ and D’.

With new assignments students go on:

• Activate ‘Trace’ on point A and point A’. Drag point A. What moves? What does
not move? Why?
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• Drag point A’. What moves? What does not move? Why?
• Deactivate “Trace” on point A and A’. Drag side “a” of the figure. What moves?

What does not move? Why?
• Drag “s”. What moves? What does not move? Why?

According to the notion of ‘didactic cycle’ within the TSM, Task 4 aims at fos-
tering the pupils’ personal production of signs related to Task 3. For this reason, the
pupils are asked to:

Task 4:
Write down in the summary table below the answers to the questions asked in Task 3:

Drag What moves? What does not move? Why?

Point A
Point A’
Side a
Vectors

6.4 Analysis of the Semiotic Potential and the Schemes of Utilization
of the Artefacts GG in Relation to the Described Tasks

The artefact GG, related to Task 3 and Task 4, evokes the following mathematical
meanings:

1. The idea of translation as a point-to-point correspondence, expressed by clicking on
the tool/button “Translation”;

2. The idea that the translated figure depends on the figure of origin, in particular the
idea that the translated vertex of the figure depends on the figure vertex of origin
expressed by clicking on the tool/button “Trace” for the point of origin and the
translated point, and by dragging the point of origin;

3. The idea that the translated point depends on the vector, expressed by clicking on
the tool/button “Trace” for the point of origin and the translated point, and by
dragging the vector;

4. The idea that the translated point depends on both the point of origin and the vector,
expressed by dragging the translated point.

The use of the dragging function in the task 3 allows us to introduce the meanings
of co-variation, by means of the dragging action and the observation of the resulting
correlated movement of the points. In particular, the request to drag the vector could
allow the distinction between independent and dependent variation to emerge. This is
related to the different nature of the mutual movements of the points: some points move
as a result of the direct action on them that the user achieve with the mouse, and other
points indirectly move as the result of the movement of those points from which they
have been constructed [15].

Moreover, the request to drag the translated point, allows the user to underline its
specific behavior with respect to all the other objects of the configuration. When
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dragging the translated point, indeed, it can be observed a resulting no movement of the
entire configuration. The difference in the movements between the translated point and
the point of origin can be compared to the distinction between a dependent variable and
an independent variable.

7 Data Analysis

The following episode refers to the class discussion at the end of the first cycle. When
Task 1, using a manipulative artefact, was carried out, one student, G., was absent. The
following day, during the discussion, the teacher asked others students to tell G. what
they did. This teacher’s intervention is a case of “back to the task” which opens up a
discussion and aims at pointing in the story the emergence of signs that refer to the
activity carried out with the artefact.

The first to speak is A. who says: “First we copied the figure on a transparent sheet
of paper and we folded the white sheet on the…”. The teacher focuses attention on an
aspect that was drifting away, in an attempt to re-emerge the importance of the vector,
asking: “What was the first request, before copying the figure on the transparent
sheet?”.

The teacher’s attempt is successful because the importance of the vector is con-
firmed in the words of C. who answers: “the first request was to fold the sheet on the
vector, make a notch at the beginning of the vector” and A. adds: “and then we had to
copy the figure on the transparent sheet” and finally M. goes on: “and after make it
move along the arrow of the vector”.

The discussion continues and the teacher intervenes by drawing attention to the
artefact, bringing out at the same time the point-to-point correspondence (Table 1).

This episode shows the unfolding of the semiotic potential, as expected, but it also
illustrates a first evolution towards the mathematical meanings that are the aims of the
teaching intervention. The intervention of the teacher is fundamental in inducing the
students to express their personal meanings, and the different reformulations showed
how such meanings evolved from the description of the action to the idea of point-to-
point correspondence. During the discussion another translation characterizing property
emerged, the parallelism among the segments joining correspondent points and the
vector of translation.

Indeed F says: “go all along the same direction… that is the arrow goes always on
the same direction of the vector”. The sign “go all along the same direction” evokes the
idea that the original figure moves following the vector direction. This artefact sign
evolves in the mathematical sign “parallel” (Table 2).

Following episode refers to the collective discussion started after the second cycle,
which consists in the Task 3 and Task 4 instructions, in which the students have built
the translated figure from an original figure relative to a vector, using the “Translation”
tool of the digital environment and dragging for first the original figure’s vertex A, then
one side of the original figure and finally one of the translating vector on the display.
With the aid of the “trace” tool they have observed what moves and what does not.
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Table 1. Episode 1

Transcript Analysis of actions and signs

(9:45) T: Ok, let’s go to the second step. Do
you remember what you had to do?
Little group: to point (Italian translation of
“puntare”) the pins

“to point” is a pivot sign because it evokes
both the piercing action and the mathematical
sign “point”

G.: … and then a notch and we slide
transparency sheet along the vector

“slide” is an artefact sign which evokes the
translating over a plane idea;
“along the vector” is a mathematical sign
which indicates movement by following
direction, modulus and orientation of the
vector

T: where did we stop?
Little group: at the arrow’s tip
T: and now?
(10:55) F: At the figure’s angles, we took the
pin and we did some signs, we remove the
transparent sheet and… we have …ehm…
trace the figure

“trace” is a pivot sign because it evokes the
action to join corresponding points and the
translation property to transform segment in
congruent segment and so to create isometric
figures

T: Where did you point the pin? The teacher mirrors the word “point” that in
Italian is both a verb and a noun. As a verb it
means pierce, while as a noun it means point.
“To point” can function as a pivot sign
because it evokes the position where to
pierce and the piercing itself

M: On the point…
Ins: On the point! Which point? The teacher aims to foster the sign “point”

being made explicit
M.: The vertex! The meaning of correspondence among

figures is emerging by correspondence
among points

T: so you have pointed the pin on the
vertices, you have pierced… what?

The teacher mirrors the sign “pointed the pin
on the vertices” and pose provocative
question to push pupils to explain. She
makes explicit the relationship between the
artefact and the math
It is an artefact-interpretation action

All students: both transparency and white
sheet
(12:41) Am.: we needed it to draw the
translated figure… because if we didn’t make
the points with pin, we shouldn’t…

The point-to-point correspondence obtained
by piercing the paper with the pin at the
vertices is therefore, in Am.’s view, the thing
that makes it possible to obtain a translated
figure. The meaning of correspondence
among figures has emerged
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Table 2. Episode 2

Transcript Analysis of actions and signs

(33:43) T.: Francesca said that the three lines,
which connect the figures’ vertexes and the
vector, go along the same direction. Why?

Here the teacher invites the students to make
the correspondence explicit between the
directions of the lines connected the figures’
vertexes and the vector. She reflects the sign
“along the same direction” and asks them to
summarize

M.G.: The orientation changes, but the
direction stays the same

M. summarizes making a distinction between
orientation and direction and highlighting
that the direction is set, it cannot change, the
orientation could change

T.: Meaning what?
M.G.: That the direction stays the same,
while the orientation changes, it goes the
opposite way

M. confirms her thesis on the translation’s
direction, which is the vector that cannot
change, while she pinpoints the two possible
travelling orientations on the vector. She uses
two different artefact signs: “direction” and
“orientation”

An.: Meaning that the paper fold
implicates… how can I put it… the direction
is determined from where we direct the
arrow. So if you move the arrow, the figure
will move as well and change direction, but
the… the position does not change because
the direction causes the variations in the
paper fold

Anna is confused even though in her speech,
she justifies the direction by relying on the
paper fold along the vector, and she tries to
support the translated figure’s dependence of
position by relying on the travelling
orientation of the vector

(35:44) T: Let us try to rephrase what An is
saying. She started saying that the paper fold
suggests us something. What does that add
up to?

Summary request

M.G.: The direction This is an artefact sign connected to the
paper folding action and to the tracing
paper’s panning action into the fold

G.: The direction
T: Meaning what? Why do you say they have
the same direction? How are they to each
other?

Back to the task. The teacher will let the
pupils intervene to make the different
personal senses emerge

G.: Parallel G. uses the evolved Mathematical sign,
which states one of translation’s
characteristic properties

T.: Do you agree? The teacher involves all of student to share
the emerging sign “parallel”

All students: yes…
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The video analysis in the discussion highlights two aspects:

• In the first one, it is possible to recognize the arising of the digital artefact’s semiotic
potential;

• In the second one, it is also possible to detect an early reminder to the experience
already had with the manipulative artefact, in terms such as “like what we did on the
sheet”, coupled with gestures referring to something previously occurred.

Moreover, with the aid of the “trace” tool, the dependence of the translated point A’
from the original point A and the translating vector became clear for the students.

Furthermore, the cross-references about the two artefacts’ employment support the
mathematical meaning’s structure of the functional dependence between a translation’s
points.

Now let us consider the transcription of the discussion’s second phase (Table 3).
An. is dragging point A’, derived from point A’s translation. Therefore, she can

observe nothing moving.
When the teacher asked, “What is moving? And what is not moving?”, M.G.

answered confidently, “If I move A, A’ will move too. If I move the vector, A’ moves;
and if I move A’… well… it does not move… nothing!”.

Table 3. Episode 3

Transcript Analysis of actions and signs

T.: So, who wants to elucidate this further? The teacher asks to justify what happened on
the whiteboard’s display

G.: The translated figure is the same of the
original figure, even though it is located
differently. So, if something moves from the
original figure, something will move from
the translated figure as well

G. summarizes the dependence of the
translated figure from original one

(6:35) T.: And if I move something of the
translated figure?
G.: It will not move… It will not move not
even if… I mean, no point nor line segment
will move…but… I don’t know why!

G. observes what happens on the
whiteboard’s display but is confused in
relation to the various objects’ dragging
behavior

T.: Why? Request for explanation
G.: …because… G. doesn’t know how to explain what she’s

observing yet
Am.: Because this figure is not the original
one, but is linked to the original one.

Am. uses the artefact sign “is linked” to point
at the translated figure’s dependence from the
original one
Moreover, she uses the pivot sign “this”,
which refers to the translated figure and its
position on the display

(continued)
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Table 3. (continued)

Transcript Analysis of actions and signs

M.G.: Because it depends on the original one The expression “depends on” M.G. uses
reinforces Am.’s idea: the dragging on the
free objects causes the dependent objects’
movement
At this stage, the “depends on” is a pivot sign,
for it expresses both the dragging action and
the mathematical meaning of functional
dependence
The signs found because of the synergy
between the two artefacts are evolving on a
joint basis: M.G expresses, through the
expression “depends on”, the common
significance of the relation linking the
different objects: the original figure and the
translated one

G.: Exactly. The translated figure depends on
the original one

G. knowingly reuses the expression
“depends on”

F.: The vector does not depend on the
original figure, therefore it does not move
On the other hand, the translated figure
depends on the vector because…

F. uses the “does not depend on” sign to refer
to independent objects

(8:05) T.: Alright, let us try to lengthen the
vector and see what happens

The teacher keeps examining what changes
the vector’s modification could cause

M.G.: The translated figure moves
(8:42) An.: Yes, this is the same thing we did
with the sheet, the tracing paper and the pin,
the example of different vectors
Meaning that if I lengthen the vector, the
translated figure will move further away from
the original one… It’s like there were a new
vector
On the sheet, the red figure was closer
because the red vector was shorter; the blue
figure was further because the blue vector was
longer

An. attempts to explain what she’s
observing. She mentally retrieves the
experience had with the manipulative artefact
and clarifies it when she says, “this is the
same thing we did with the sheet”, and to that
expression follows a hand gesture, which
refers to something previously occurred
She connects the figure’s movement on the
display (due to the modification of the
vector’s modulus) to the two blue and red
vectors with which she worked on the sheet,
linking the conjured significance in the two
experiences
Emphasis is given to An.’s description which
focuses on the actions which took place. She
uses “if I lengthen” the vector as if she were
actually moving a real object
The digital artefact’s strength lies in the fact
that it requires an action to perform with one’s
finger or a mouse

T.: Are we all on the same page? The teacher seizes the hint referring to the
sheet’s use and reopens the discussion
between the two experiences

(continued)
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This episode shows how when using the digital artefact the meanings of the cor-
respondence between figures and that of the vector of translation emerge once more. In
particular, the argumentation by A. in the second part of Table 3, concerning the
impossibility of a free movement of translated figure, shows how effective is the cross-
reference to the use of the two artefacts, accompanied by an explicit interpretation of
the experiences made with them, led to a consolidation of the mathematics meaning of
functional dependence.

Finally, the meaning emerges most strongly not through the unfolding of the
semiotic potential of the two different artefacts, but through the synergy activated by
the comparison between the experiences with them.

8 Concluding Remarks

This paper, in continuity with the research on axial symmetry [11], reported on some
preliminary results concerning the validity of the hypothesis about the potentialities of
using the combination of artefacts as tool of semiotic mediation.

The analysis of the data coming from a teaching experiment clearly shows how the
potentialities of each single artefact can be exploited and combined for constructing
and developing some mathematical meanings concerning translation.

A careful analysis of the semiotic potential of each of the two artefacts and the
didactical activity goals, guided the design of the tasks.

The results highlight the development of a synergy, created at a cognitive level, in
the use of the two artefacts that is capable of enhancing the semiotic mediation
functions of each of them. Moreover, we have shown how in passing from the use of
manipulative artefacts to virtual artefacts, a synergy is created so that each experience
enhances the potential of the other.

The study is still in progress but the results obtained encourage us to go forward
and develop a long-term teaching experiment to confirm them. In accordance with the
TSM, and in particular with the didactic cycle model, we intend to verify the efficacy of
the observed synergy in a longer sequence of didactic cycles.

Table 3. (continued)

Transcript Analysis of actions and signs

G.: The figure moves as much as the vector
lengthens
M.G.: But here we move it (the vector) with
the computer… with the mouse

MG. highlights the digital artefact’s strength
using the “move” sign as if she were moving
a real object
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Abstract. The Fables project is grounded on an ecological approach to
e-learning, where we analyze the practice of e-learning as an information
ecology, centered on the interaction among teachers, pupils and their tools,
placed within the classroom. A simple Fable represents one of Schön’s exem-
plars; a Fable can be interacted with digitally, as a simulation, to help understand
and predict the behavior of a real-world system or scenario. In schools Fables
can be used to represent the knowledge that pupils have, to be shared/showed
interactively to others, and they are experienced as a more dynamic version of
presentation slides. In this paper we strengthen the formal definition of Fables,
and we investigate Fables’ expressive power. A new version of the online Fables
tool F4BL3s has been implemented and used in the evaluation. The main new
features of this version are: better visualization of Fables in playback, possibility
for the authors to associate custom images to the characters in their Fables, and
new export functions to convert a Fable into Twine stories and Microsoft
PowerPoint compatible slides. According to our knowledge of the needs of
teachers and pupils, the last feature is needed to improve interoperability of
F4BL3s with other standard tools, which is in turn a key factor for the accep-
tance of the tool. Future work includes an improved visual editor as suggested
by the data from our evaluation, and continue in-classroom tests.

Keywords: Scenario-based learning � Education � Knowledge management �
Simulation � Visualization

1 Introduction

In our previous work [11] we started an exploration of more natural ways of expressing
behavior to create digital simulations, usable by primary school teachers and pupils.
Instead of focusing on programming concepts, we looked at soft methods like rich
pictures [5], and formalisms like concept maps and mobile ambients [4]. In [11] we
define the concept of Fables and present an alternative and novel way to simplify
digital game design and programming, aimed at a central problem in this area: how to
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express knowledge about interactive digital systems in a simple yet powerful enough
way, so that new digital games or interactive simulations can be generated automati-
cally by teachers (especially with non-technical background) and pupils descriptions.

E-learning classically relates to “learning delivered fully online where technology
mediates the learning process, teaching is delivered entirely via Internet, and students
and instructors are not required to be available at the same time and place” [26],
however here we are interested in any blending of technologies for learning, classroom
and home activities. In this paper we discuss how the fables project is grounded on an
ecological approach [12] to e-learning; we analyze e-learning practice as an informa-
tion ecology, centered on e-learning practice, defined by the relationships and inter-
actions emerging between teachers, pupils and their tools. Tools are analyzed in this
perspective as active participants in the ecology, acting as mediators, contributing to
learning [15].

This e-learning ecology, present in Danish schools, involves the use of digital and
analog media as well as other strategies in active learning practices. Fables are envi-
sioned to support teachers in authoring digital branching scenarios for and with their
pupils, and also for pupils to create contents for other pupils and teachers. A simple
fable represents one of Schön’s exemplars [3], and multiple fables can be composed
together to create what Schön calls repertoire of exemplars. A fable can be interacted
with digitally, as a simulation, to help “achieving understanding and predicting the
behavior of systems” [2]. In schools Fables can be used to represent the knowledge that
pupils have, to be shared/showed interactively to others, and they are experienced as a
more dynamic, scenario-oriented version of presentation slides.

Fables are implemented as a web-based tool called F4BL3s, conceived to
accommodate the different roles of teachers and pupils. This means that differently
from current studies like [16], the roles of users are recognized and translated into
distinct, interconnected working environments, hence partially reproducing the inter-
actional ecology involving the participants and their different roles. In this respect,
F4BL3s is designed to fit within e-learning practice seen as a social, transformative
practice that teachers and pupils co-design through forms of distant and in person
interactions, where the targeted result is mainly a learning experience for the pupils.

In the following sections we discuss related work and theoretical background for
this study (Sect. 2), then we provide a formal syntax and semantics for Fables (Sect. 3);
our latest prototype is presented in Sect. 4, and the evaluation is discussed in Sect. 5.
Section 6 presents conclusions and future work.

2 Related Work and Theoretical Background

In our previous studies (see [1]) we found that the digitization of learning practice in
Denmark has led towards the exploration of available digital media to enrich pupils’
learning experience. As a consequence, the teachers have creatively explored how to
engage in digitally mediated forms of learning and communication with their pupils,
such as individual or shared assignments in which the pupils have to edit stories and
slide-based presentations through free systems like Google Docs. A common aspect to
these assignments is storytelling, that enables the pupils to creatively synthetize and
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communicate in the classroom their understanding of the learned topics. Starting from
these storytelling-oriented practices, we have analyzed e-learning practice in Danish
schools as an information ecology [12], consisting an organized set of digital and
analogue artefacts and individuals (teachers and pupils) engaging in shared learning
related practices. We created F4BL3s as mediating tool, encouraging teachers’ and
pupils’ self-expression through the simple creation of interactive forms of storytelling;
the tool also aims at reflecting the roles played by teachers and pupils in their e-learning
ecology, to better fit their mutual interaction. In the following subsections we present
our theoretical framework (2.1) and related work from the field of interactive story-
telling and scenario-based learning (2.2).

2.1 E-Learning as Information Ecology

The concept of information ecology was proposed by Nardi and O’Day [12] in a book
published in 1999, in which the authors analyzed the roles of librarians in using the
available digital artefacts to provide a service to the citizens coming to the local library.
The concept of information ecology was defined as a biological metaphor to analyze
the relationships among people, tools, and their practices. The notion of ecology was
chosen to evoke an image of complex relations, interdependences and dynamics
involving different species within a given environment. An ecology is defined as a
complex system [12], characterized by diversity, coevolution and locality, as the
ecology is formed by the co-presence of different species or actors, playing different
roles, within a specific environment. These actors are in a dynamic balance of
coevolution, as whatever major change might affect one of the species will affect the
whole ecology, while minor changes might simply go unnoticed [15]. Analyzing e-
learning as an information ecology, we find teachers and pupils sharing a flow of
information through different tools. Interestingly the e-learning ecology is localized
within two main environments: the classroom, where the pupils and their teachers
interact directly with each other, and the home, where their interaction is indirect. In the
latter case, the role of digital tools is more crucial, for instance when the pupils have to
edit a story online through Google Docs, the pupils interact with each other through the
document that they are editing together. At the same time, the teachers can access the
same document and check the progress, discussing in class how are the pupils doing
with the assignment and provide help. We see this ecology as experiencing an on-going
co-evolution, as new tools and practices are being experimented by teachers and pupils,
affecting their mutual interactions and the practices they participate in.

Tools and human actors within an ecology are seen as active and capable of
producing changes within the different practices in which they participate. Latour [15]
insists on the notion that tools can act as mediators, mediating and altering meaning
among the human actors, facilitating or inhibiting specific exchanges and communi-
cations. In this sense tools act as means of translation, which can suggest different
meaning to the different individuals. In our view, e-learning digital tools, like games or
simulations, act as means of translation for complex meaning, which can be experi-
enced by the learners, eliciting reflections and individual understanding. F4BL3s is in
this sense supposed to act as a mean of translation between pupils and teachers,
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enabling them to communicate their understandings of the topic in individualized and
creative ways, creating simple stories, or Fables, on the learning content.

According to Schön’s notion of exemplars [3], learners acquire new knowledge by
participating in active learning activities, which reproduce real world situations, such as
in his example of the architecture student dealing with the planning of a school
building. In this way learners engage in a reflection in action, in which they reflect
concretely on the situation at hand and practice forms of problem-solving. Each of
these situations act as an exemplar, which the learners collect through their studies,
becoming prepared to face new similar challenges in the future. In our view, each Fable
should play the role of an objectified exemplar, interactive stories embodying the
pupils’ reflections and problem-solving strategies on complex topics.

In conclusion, we see e-learning as a complex information ecology, centered on an
information exchange between teachers and their pupils as they engage in a variety of
practices, such as: lecturing, hands-on and playful activities, and assignments. In the
terms of Schön, all these practices are contributing to eliciting forms of reflective in
action, hence providing exemplars for the application of knowledge. Teachers have
recently engaged in exploring the affordances offered by a variety of digital platforms
like Youtube, Kahoot and Google, and media like images, videos, and presentations,
with the goal of enriching their pupils experience while dealing with children chal-
lenged by autism or dyslexia (as in [25]). We see F4BL3s entering this ecology,
offering the possibility to pupils and teachers to create interactive exemplars of
knowledge, to be shared and played with; hence contributing to the ongoing explo-
ration of digital platforms conducted by teachers.

2.2 Storytelling and Scenario-Based Learning

Since our preliminary data suggests that storytelling is an emergent component of
digitally-mediated learning practices in Danish schools, our design process aims at
exploring how we can support digital storytelling, from the perspective of both teachers
and students. As discussed in [4] our F4BL3s tool supports the creation of non-linear
stories and branching scenarios, for scenario-based learning. Our goal is to support
teachers and pupils to generate creative representations of knowledge, and taking full
advantage of digital media without being limited by lack of coding skills. These
representations are envisioned as resources for the teachers to show and explain
abstract concepts in a more effective way than with textbooks only, also meeting the
need for authorship expressed by the teachers we communicated with in our previous
studies (see the attitudes of teachers towards technologies we found in [1]). The cre-
ation of these representations can also be an assignment given to the pupils, enabling
them to express their knowledge in more creative and interactive ways, bridging school
with young people’s daily media engagement.

The use of storytelling and scenarios has been investigated in primary and sec-
ondary education, through the creation of simulations which might recreate scenarios
taken from actual practice. For example a rich use of simulation has emerged in the
field of medicine and other healthcare related educations. According to Bennet et al.
[22] the use of scenarios and simulations has become widespread in the education of
occupational therapy, including: simulated patients, through virtual simulations or
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physical mannequin, video or written case-based scenarios, and role-play. The use of
simulation has been defined as a particular learning technique, in which selected
aspects of a phenomenon are reproduced (see Bennet [22] and Simon [2]), and in some
cases that involves the creation of interactive scenarios taken from real life practice.
This form of learning is aimed at fostering critical thinking and forms of hands-on-
interaction with the learning material. An interesting example is [21] where Hook et al.
discussing how occupational therapy students experienced a virtual environment in
Second Life. The students had to navigate with an avatar through a house and had to
reflect on the house physical barriers, which hindered occupational performance for a
patient moving on a wheelchair. Interesting applications come also from a case-study in
genetic analysis [23], in which a “laboratory scenario” is given to students, consisting
of a series of locations, each containing actions, items or quizzes.

According to Broadbent et al. in [24] the use of digital simulations or scenarios
within blended learning, has lead students in healthcare education to become more
engaged with their study material, becoming self-regulated learners. By self-regulated
learning it is meant an independent attitude towards learning, in which students engage
in learning through a cyclical process applying cognitive, metacognitive and resource
management strategies. The authors of [24] argue that through blended learning sup-
ported by simulations and scenarios, students become active agents in their learning,
planning and setting goals for themselves, therefore, becoming self-reflective on their
learning path. Hence, scenario-based learning has been acknowledged as a valuable
form of learning, enabling students to become more independent and self-reflective.
However, we find that there is a need to also investigate how teachers can be
empowered in the creation of relevant scenarios for their own subject and their personal
way of teaching.

Finally, we find scenario-based learning also outside the school context, and in
particular in the domains of e-learning and digital games. Examples of scenario-based
e-learning games are Connect With Haji Kamal, discussed by the author Moore in her
book [7] and blog1, and LIFESAVER an interactive film by Martin Percy freely
available online2. Connect With Haji Kamal is a non-linear visual novel with the look
of a comic book and the goal of is to support US Army soldiers to prepare for their
missions in Afghanistan, and in particular to become aware and sensitive to the inter-
cultural problems they will be facing once abroad. The game was developed using
Twine, and the pace of the story is controlled by the player, as it would be in a turn-
based game. By contrast LIFESAVER is an interactive move, where choices need to be
made in real-time to help people suffering from heart attacks. We consider fables
related to games like Connect With Haji Kamal, since manipulation of video footage
seems too complex for primary school pupils, even if it is being currently considered in
a related project discussed in [13]. Furthermore, a discussion of some of the most
widely used authoring tools related to our F4BL3s is presented in Sect. 4.4.

1 http://blog.cathy-moore.com/2010/05/elearning-example-branching-scenario/.
2 https://life-saver.org.uk/.
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3 What Are Fables: A Formal Definition

In this paper we strengthen the definition of Fables by better formalizing their syntax,
what are their operations and semantics. We also investigate Fables’ expressive power:
from a formal stand-point Fables can only express a specific kind of non-linear story
where in a world with fixed, eventually nested, rooms, a set of people move around
picking up and dropping objects. In spite of this apparent limitation, we have a working
hypothesis that states that many kinds of stories can in fact be expressed in the form of
a Fable.

From a formal point of view, Fables are related to mobile ambients [4] without
processes. A Fable can be thought of as semi-structured data, therefore it can be
expressed as a tree of nodes (like an XML document). More precisely we define a Fable
as a collection of slides forming a graph, and a palette composed of 3 lists: persons,
things and rooms.

Figure 1 shows a Fable about Alice and Bob playing tennis. Inside each slide of the
Fable, there is a single ambient-like container called World and inside it a list of rooms.
Each room in turn can contain other rooms, persons or things. In the example in Fig. 1
Alice has a ball, and that is represented as follows: Alice[ Ball[]T ]P. The superscripts
that follow the closing square brackets are indication of the type of the item: R stands
for room-type, P for person-type and T for thing-type. The World has a special type,
since it is similar but not the same as a room. The syntax for Fables is defined as in
Table 1.

Fig. 1. Example of Fable “Alice and Bob play tennis”. The Fable starts at Slide1 then the user
will have to choose to go to Slide2 or Slide3. (Color figure online)
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According to Table 1 a Fable has a title, a list of slides, and a palette; each slide has
a unique identifier, a description, a world that contains a list of elements (possibly
empty), and up to 3 actions. An action is just a label and a slide id, to which the Fable
will jump if the action is activated during playback. The two blue arrows labeled
“hitBall” in Fig. 1 are actions of slide1, and represent jumps to slide2 and slide3.

A Fable element has a name, a type and can contain other element, with some
semantic restrictions. Room-type elements can contain any types of elements, while
People- elements Thing-types cannot contain rooms. Moreover, we decided that a
person should not directly contain another person. We differentiate the behavior of
Person- and Thing-type elements mainly because we found that it better supports the
intuition of our authors/users. The complex relationship among elements of the 3 types
is explained in Fig. 2.

A palette has 3 elements: a list of person names, a list of thing names and list of
rooms. The list of rooms can be empty or it can have a multiple rooms; each room can
in turn have nested rooms (i.e. children rooms). Consider for example a house with a
living room and a kitchen, and a broom closet in the kitchen; the representation as a
roomsTree would be: house (living_room kitchen (broom_closet)), which cor-
responds to the following indented, nested list:

Table 1. Formal syntax for Fables. The syntax is inspired by Typed Ambients.

Fable := title  slide*  palette
slide  := slideId  description  World[ element* ]Special action1 action2 action3
actioni := no-action | label  slideId
element  :=  name[ element* ]type

type := R | P | T
palette := personName*  thingName*  roomsTree
roomsTree := empty | roomName ( roomsTree) roomsTree

Fig. 2. The relationship among the 3 types of elements of a Fable: room, person and thing.
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House
living_room
kitchen

broom_closet

Finally, all slides must have the same tree of rooms as the roomsTree in the palette,
eventually populated with different people and things (see slide1 and slide2 in Fig. 1 as
an example). Hence, the rooms are immovable elements in a Fable.

3.1 Operations and Semantics

We want Fable authors to be able to create interactive scenario-based stories in an
incremental way, therefore we provide operations to create/clone, rename, move and
delete any element of a Fable, at any moment during editing.

Moreover, we distinguish between global and local operations, because palette
operations have global effects across slides, while manipulation of individual slides
only has localized effects (see Tables 2 and 3). In our definition of the semantics we
assume that in each Fable all names are unique, i.e. rooms, people and things all have
distinct, unique names across all slides.

Table 2. Semantics of Palette-related operations.

Operation Palette

Create (room) Add room in same relative position in all slides
(person/thing) Just add to the palette, no changes in any slide

Rename Rename element in all slides (substitution)
Move (room) Same move of the room in all slides, nested rooms follow

(person/thing) NOT POSSIBLE or MEANINGLESS
Delete (room) Remove the room in all slides, nested elements also deleted

(person/thing) Remove in all slides

Table 3. Semantics of operations on a single slide.

Operation Slide

Create/clone (slide) local effect
(room) global effect, same as create at Palette level
(person/thing) to room of current slide: add to Palette, add to room

Add from Palette (person/thing) local effect, check not present in slide, then add to room
Rename global effect, same as rename element at Palette level
Move (room) global effect, same as move room at Palette level

(person/thing) local: from source element to destination element
Delete (room) global effect, same as delete room at Palette level

(person/thing) local: delete element and nested elements
Pickup A pickup B: select any item B in same room as A, move B inside A
Drop A drop B: select an item B nested inside A, move B outside A
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The last operations in Table 3 are special, specific to a person picking up a thing or
a thing being inserted inside another. They are inspired by the classic mobile ambients
operations of in and out.

3.2 Expressive Power

Fables are incrementally defined scenario-based, interactive and spatial stories. By this
we mean that the authors (a primary school teacher, a pupil or group of pupils) are able
to create a story step-by-step, eventually defining and re-defining rooms, people and
things as they like, while the Fable’s palette keeps a consistent overview of all the
elements and their relationships. For instance how the rooms are nested is kept coherent
globally by the operations of a Fable, which accounts for these stories to be considered
spatialized. Since each slide can be connected to a maximum of three slides via labeled
actions (including looping back to the same slide if needed), Fables are clearly non-
linear stories with a branching factor of 0 to 3. Therefore, Fables can be used to define
interactive scenarios, where the actions chosen by the user of the Fable during playback
lead to potentially different storylines and possibly alternative endings.

An important question in this project is: what can you express with a Fable? At first
glance every Fable just is a non-linear story where, in a world with fixed nested rooms,
a set of people move around picking up and dropping objects. Persons and things that
are in the Fable’s palette can appear or disappear from rooms, from one slide to the
next.

It is our working hypothesis that many kinds of scenarios and stories can be
assimilated to a Fable. Our first argument in favor of the hypothesis is that narration in
different media is described in terms of locations, actors and objects, and their inter-
play. For example, a theatrical play is described by locations where the action takes
place, characters and props (or theatrical property). In [18] the Drammar ontology is
defined with the goal of annotating and formally reasoning about drama; the ontology
is defined as follows: “Drammar consists of two components, encoding respectively the
conceptual model and the SWRL rules. The conceptual model, mainly grounding in AI
theories, represents the major concepts of drama, such as agents, actions, plans, units,
emotions and values.” As for drama itself, [18] explains it as this: “[…] it is well
known that in dramatic media (drama) the audience engages the story via the char-
acter’s behavior […] rather than via the literary values; indeed the cause–effect chain
results from a complex interplay of agents, objects and events, well known in play-
writing techniques […]”

The authors of [18] also argue that drama is not exclusively related to theatrical
performances and they use the term dramatic media to cover “[…] media that display
characters performing live actions, such as theatre, cinema and videogames.”

To further investigate the expressive power of Fables we created a number of
different stories, some inspired by the actions of characters in children books, others
based on the typical daily life of historical characters. We found quite possible to
express instructions (for recipes for instance) in the form of Fables, and in those cases
we took advantage of the branching to cover alternative storylines with typical errors
and their consequences. Finally, in Sect. 5 we discuss how the evaluation of F4BL3s
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(the web-based tool implementing Fables) also shed light on the expressive power of
Fables.

The main limitation we can see in Fables is that rooms are immovable and must be
the same in every slide. Therefore, game-like scenarios in which rooms or locations are
created and/or destroyed dynamically as the game progresses will be impossible to
express. Even a Fable where a room only exists in a slide but not in all others would be
impossible; furthermore, all rooms must be present and the same in all slides also
across all alternative branches of the same Fable. In our brainstorming sessions and
experiments with Fables we have not found this a major limitation; moreover, the kind
of dynamic narrative that we are excluding is perhaps mostly found in digital games,
while Fables focuses on interactive scenario-based stories, which are naturally more
static (like the game/novel by Moore [7]).

Another problem we encountered is with the current terminology we adopted for
Fables; for instance, consider a fairy tale with a talking wolf as a character. In Fables
the wolf could be represented by an element of type Person or Thing, depending on
whether the wolf is an active character or a passive item in the story. Being the wolf an
animal, some Fable authors might find it illogical to associate the Person type to it;
situations like this (e.g. stories involving robots, magical animals or animated objects in
general) led us to consider a possible renaming of all categories of elements in Fables.
Room seems so far a general enough name, which is clearly related to theater, movies
and computer games, so it could be left as is. However, Person and Thing might be
changed to Character and Prop (or perhaps Item), adopting a more theatrical meta-
phor for Fables. This change in terminology is still under discussion, and might be
implemented in a future version, provided evaluation by our users (both teachers and
pupils) supports its usefulness.

4 Extended Implementation

A new version of the online Fables tool F4BL3s has been implemented and used in the
tests. The main new features of this version of F4BL3s are:

• possibility for the authors to associate custom images to the characters in their
Fables (i.e. skins for Fables),

• better visualization of Fables in the playback page,
• and export function to convert fables into Twine stories and Microsoft PowerPoint

compatible slides (PPT for short).

4.1 Skins and the New Playback Page

A skin is a collection of small, icon-like images that the author of a Fable can upload in
her Fable via a special page of the F4BL3s web tool. The images, if present, will be
used when the Fable is played back, in the playback page of F4BL3s. In the current
implementation rooms have a static background image associated with them, but the
author can customize the image representing any person or thing (see Fig. 3, created
with free icons from www.flaticon.com).
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Technically the image is loaded in the webpage via an input file-upload HTML
element; the image is then transferred to a temporary canvas and converted in a string
using base64 using the standard toDataURL method. Since the F4BL3s tool is a
serverless web application, and all data is stored locally using localStorage, also the
skin is stored in localStorage, in the same object that is associated to its Fable. This is
done via the standard JSON API, therefore only small images can be used in the current
version, up to 20 kilobytes per image.

4.2 Exporting to Twine and PPT

Twine file format is HTML-based with special tags, and it is well documented, so we
simply implemented a Javascript library that saves a text file in the right HTML format,
with data representing a textual rendition of a Fable. The file can be saved locally and
uploaded via the free Twine online editor (at http://twinery.org/2). Once the exported
Fable is opened it the Twine editor shows a bubble for each slide in the Fable, and
clicking on a bubble it is possible to edit the contents. A bubble (i.e. a passage in the
Twine jargon) can contain text, HTML tags and images; the exported Fables use
HTML DIVs to represent the nesting of rooms, people and things in each slide.
Navigation in Twine works by defining buttons with links that connect all passages into
a graph. Taking advantage of this, we simply map the actions that each slides of a Fable
can have (with up to three actions out-going from each slide) into Twine button-links.
Twine users can then click on the play button and navigate interactively through the
slides, in the same way the playback page in F4BL3s allows to interact with the Fable.
We also implemented non-deterministic choice in our export function: in case multiple
actions with the same label lead away from a slide in a Fable (for instance in Fig. 1, the
two hitBall actions), the corresponding Twine button-links are automatically replaced

Fig. 3. Skin editor (on the left) and playback page for the Alice and Bob Fable (right).
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by a short Harlowe script3 that rolls a die to randomly jump along one of the possible
alternatives. And this is exactly the same that happens in the playback web-page of
F4BL3s.

We also wanted to export to Microsoft PowerPoint slides, since they are a com-
monly used format for school teachers, and it was in our requirements for F4BL3s to
interoperate well with PowerPoint and Google Sheets. For the creation of PPT files
from Javascript we adopted the PptxGenJS library, which has simple commands to:

• create a presentation from within a webpage,
• save it as a PPT file, by downloading it
• create and a slide to the presentation,
• add shapes, text and hyperlinks to a slide at specific coordinates.

The resulting PowerPoint presentation is still editable and behaves exactly as a
manually created presentation would, allowing teachers and pupils to further alter their
exported Fable. Our implementation exports a Fable to a PPT file by creating an initial
PowerPoint slide with the title of the Fable and three lists of elements in the Fable:
rooms, people and things. Then for each Fable slide a PPT slide is generated, with a
visual rendition of the tree of elements. More details about the layout of the slides can
be found in the next subsection about visualization. The actions (which represent jumps
from slide to slide, in a Fable) are converted to PPT hyperlinks: during presentation,
these hyperlinks can be clicked like buttons and will make the PowerPoint presentation
jump to a new slide, hence implementing the semantics of our actions. Contrary to the
Twine export, we could see not simple way to implement non-deterministic choice for
multiple actions with the same label (such as the two hitBall actions in Fig. 1),
therefore, we decided to map each action directly to a PPT hyperlink. The user
interacting with the PowerPoint presentation will have to decide manually which of the
multiple hyperlink with the same label to click. Finally, we believe that having a PPT
export file supports printing, cutting and tinkering with a paper version of a Fable,
hence, it fits very well with the activities in the typical Danish primary classroom.

4.3 Visualizations

Most new features in F4BL3s have to do with better visualization of Fables. For the
new playback page and for the export to PPT we explored many possible visualization
styles. Figure 4 shows the best three visualization styles, that we call nested sticky
notes version 1, version 2 and fixed minimal size (respectively the second, third and
fourth column in Fig. 4). The problem of rendering a Fable closely resembles that of
creating a responsive layout for a webpage, where scaling works automatically across a
large range of possible dimensions and number of elements in the page; however,
especially for PPT export, we could not rely on style sheets (such as CSS), so we
decided to develop custom layout algorithms.

3 Twine’s internal scripting language.
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For nested sticky notes version 1 we used the following rules:

• if a room has n room-type children, then each room-child takes up (100/n) percent
of the parent area (e.g. in Fig. 4 first row and second column, room1 in slide 1 is the
only child of world, so it takes up 100% of world)

• if any item present:
– items take 30% of their room’s area; items are vertically stacked, with nesting if

it is the case
– sub-rooms equally share the remaining 70% left

Nested sticky notes version 2 uses simpler rules:

• place rooms before persons and things (left-to-right),
• divide horizontal space equally among children.

Nested sticky notes version 2 is used in the playback page of F4BL3s, as visible
also in Fig. 3 on the right; this visualization style works best when there are few rooms,
and limited nesting, which is typically the case with a Fable.

Both versions of the nested sticky notes layout algorithms display a problem: as
visible in Fig. 4 the same item (for example the ball) changes size significantly from
slide to slide, in the second and third column. We call this problem variable scale
problem and we found that it is distracting and somewhat confusing for our users, as
well as being aesthetically unpleasing. To solve this problem and also to explore more
natural-looking layout methods, we developed a completely different layout for the
PPT export, called fixed minimal size.

Fig. 4. The first column from the left is the textual representation of Fable slides; the second
column is the rendering according to nested sticky nodes version 1, and the next two columns are
rendered according to version 2 and the export to PPT layout algorithm.
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The idea is that for each slide:

• all rooms are arranged first, recursively. At each level of the rooms’ tree, a grid is
defined, as square as possible. For example 3 rooms at the same level will be
arranged in a 2-by-2 grid, with a bit of space left over.

• then for each room: all persons and things are arranged (i.e. placed and resized).

To avoid the problem of variable scale present in the other two layout methods
discussed above, we compute the first step (i.e. arranging all rooms) in order to dis-
cover the size of the smallest room in our rendered slide, and we call that minimal size.
Then we define the size of all persons and things to be fixed at 1/6 of the minimal size,
in all rooms of the slide: this offers a nice visual consistency for persons and things, as
visible in the Fig. 4, last column.

4.4 Existing Tools and F4BL3s

During the development of F4BL3s we investigated various related tools, and we
focused on Twine and Ren’py [9] since they are most commonly and widely used. As
discussed in [8] Twine is a free web tool for authoring hypermedia and it is aimed at
non-technical people as well as game developer. The main mechanism of Twine is the
definition of paragraph of text that can be connected to other paragraphs by labeled
links. Since each paragraph can contain text, images and audio, the created games can
be quite sophisticated. Twine also has a scripting language called Harlowe to support
more complex behavior by the part of the game, than simply allowing the player to
navigate the paragraphs, e.g. score can be kept or certain links might only work after
the player has collected some specific item. Another similar tool is Ren’py [9], a visual
novel engine that runs on computers and mobile devices; it allows authors to use text,
images and audio to create tell interactive stories such as visual novels and simulation
games. Ren’py uses Python scripting to program the behavior of potentially large and
complex novels and games. Interestingly in [10] an e-learning tool based on Ren’py is
defined, and some limitations of the use of Ren’py are discussed.

Contrasting F4BL3s with tools like Twine and Microsoft PowerPoint, we find that
F4BL3s offer more semantic support to create scenario-based, interactive and spatial
stories. Fables have both visual and spatial semantics, where a story is constructed of
actors like rooms, people and things; the author of a Fable works explicitly with an
ontology (the palette in the F4BL3s tool), where actor roles are clearly defined. For
instance rooms do not move during playback, while people move from room to room,
and things move when picked up by people. We modeled these roles on natural ways of
describing stories exhibited by our informants, and formally on type systems for mobile
ambients (as discussed in [17]). In comparison to Ren’py, F4BL3s does not support
scripting but instead it leverages on direct manipulation and definition of structured
data, such has rooms and items. However, there are similarities: for example a Fable
can be played as a interactive visual novel, and the visual aspect of a Fable are
customizable in F4BLs, by defining a skin.
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5 Evaluation: Method and Results

This study is conducted via a research through design approach [14], aimed at gaining
new knowledge on the needs of teachers regarding how new digital tools could support
them in expressing their creativity and arranging new e-learning experiences for their
pupils. Our analysis focuses on functional, experiential and informational values, in
order to evaluate how Fables could concretely fit within the e-learning ecology.
However, being engaged in a research inquiry, we see the design of F4BL3s as a design
exemplar, embodying our understanding of the inquiry at hand [14]. Moreover, through
our inquiry we have conducted a participatory design process, rooted in findings from
previous studies (see [1]). Hence, our idea of Fables emerged from previous studies and
from the knowledge we gathered on how Danish teachers were responding to the
digitization of learning. In accordance with the participatory design agenda, our goal is
to empower our user groups [6], leveraging on their skills and desires for their practice.

As it is typically done with research through design and participatory design, we are
integrating our design process with ethnographic methods [20], such as observations
and situated interviews with potential users. All the sessions were video-recorded, with
permission from the participants, so that we could analyze their needs and responses to
our concept. Moreover, we are conducting an iterative design process [20], in which
prototypes are made to foster creative thinking within our creative team and in the
users. We started from low-fi prototypes [11]: simple, semi-interactive visualizations to
imagine the interface and the interaction. Currently we are at the second iteration, and
this time our F4BL3s prototype is moving towards a hi-fi prototype, as the key features
have all been implemented and most of the graphic interface is functioning. Since
F4BL3s is a tool addressed to teachers and pupils to develop interactive stories, we
found it challenging to rely on paper-based prototypes, as we feared that the users
would be confused and expect a pre-made simulation or another PowerPoint-like
application. For this reason, we started testing our prototype only when it could
communicate its purpose, an agile technique usually called minimum viable product.

At this stage we have conducted a preliminary evaluation with a focus-group of 3
teachers from a local primary school in Odense. It was our goal to conduct a test with a
small group of teachers and their classes, however, we decided together with the
teachers that we will involve their pupils with a more mature version of the prototype,
that incorporates teachers’ suggestions.

5.1 Discussion and Results

We conducted our evaluation with a group of three primary school teachers. The
participants included two male teachers, one teaching Danish language and literature,
geography, and social sciences, the other teaching mathematics and history. A female
teacher was also involved and she was teaching Danish language and literature,
English, mathematics and physical education.

The evaluation involved a shared semi-structured interview (a technique discussed
in [19]), during which we showed our prototype. We both took ethnographic notes and
video-recorded the interview, so that we could store their comments for the design of
the new prototypes. The interview took place inside a meeting room at the school and
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we planned it to be centered around three main themes: to find out if they saw a
purpose for F4BL3s in their classes, possible future scenarios of use that they might see
in our prototype, and possible desired or missing features.

We started by presenting ourselves and our concept, showing our prototype on a
large wall-mounted television from our laptop. In order to effectively communicate the
use of F4BL3s, we live-edited three different stories, which were supposed to act as
demos, fostering ideas on possible use and features for the tool. During the start of the
interview the teachers seemed confused on the nature of F4BL3s. We hoped that after
we explained the scenario we had in mind and after having shown the stories we edited,
the teachers could take control of the prototype, trying to edit the existing stories or
creating a new one. However, they did not seem confident in doing that, so we con-
tinued an open conversation on how the prototype could be improved. We planned
about 30 min for the test, and instead as the conversation went on we actually used
about 1 h.

We identified three main themes in our analysis of the video recording: technical
functionalities, learning applications, and multimodal communication. These three
themes emerged one after the other during the interview. During the first 15 min circa,
the teachers tried to make sense of how F4BL3s worked technically and its purpose,
with the Danish language male teacher taking the lead in their dialogue with us.
Afterwards the teachers tried to figure out how our prototype could contribute to their
own teaching practices. Hence, we all shifted into a shared brainstorming which lasted
for the rest of the time, on possible applications and on which functions could be useful
in concretely supporting their teaching practice. During this brainstorming, the teachers
expressed their desire for more support for multimodal communication.

Regarding the technical functionalities, the male Danish language teacher com-
mented on the interface: “We would like to have coding in other classes than just
sciences and this looks like block coding!” and then he asked more about how he was
supposed to relate to the interface. All the teachers had previous experience with
coding workshops held for their pupils by external instructors, who showed systems
like MIT Scratch and they could identify similarities with our tool. As we explained
that it might look like block coding, but that the interface is mostly inspired by
PowerPoint and Unity and centered on drag-and-drop actions, they seemed to have
understood that coding was not central in our case. Then the male Danish language
teacher said: “I see, so it resembles block coding, but its meaning is subjects-based!”
This comment provided a needed clarification for the teachers and created a more
relaxed atmosphere. From an ecological perspective, the teachers were concerned about
which changes F4BL3s would introduce in their evolving e-learning practices and how
it fitted with their own needs, more concretely the teachers seemed worried that we
were going to “sell them” yet another application for learning coding, which they did
not want. Hence the teachers showed a different attitude: in the start they appeared very
focused and quiet, leaning forward on their chairs, but as it became clear that F4BL3s
was not a coding tool they leaned back and smiled. They became also eager to share
their ideas, freely intervening in conversation and interrupting us.

Regarding possible applications, the teachers discussed how a tool like ours could
be fruitfully used to demonstrate in class mathematical calculations step-by-step in the
form of a multiple choice story, showing which mistakes can be made and how to avoid
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them. Other interesting applications were discussed, like the representation of historical
events and the articulated process through which laws are being passed in a democracy.
The focus shifted then to the pupils’ as makers of Fables for assignments in class and at
home. The feature of automatic generation of Fables from a written text was particu-
larly appreciated by the female teacher, who suggested a possible task in which the
pupils would have to convert a script, from a story or theatre piece in English or
Danish, into a Fable and enrich it with details and branching.

These comments suggest to us that the teachers have correctly framed the tool, in
terms of supporting the creation of exemplars (as in Schön [3]) through mini projects,
which the pupils can solve in their assignments. Moreover, our prototype, although at
an early stage, was seen as a reflective tool, potentially enriching the current flow of
information between teachers and pupils. In this regard, the teachers readily expressed
their desire for more support for multimodal communication; in particular they would
like to be able to include sound and video footage, instead of just image and text.

Open questions must be addressed in relation to how correctly frame the interaction
between teachers and pupils and how can F4BL3s contribute to it. Moreover, we need
to investigate how F4BL3s fit within the other tools which are used in the school, if it
can be part of a valuable tool chain, hence enriching expressive opportunities.
Therefore, it is our plan to incorporate the teachers’ suggestions in a new version of our
tool and test this with the same teachers and their pupils during actual classes in the
coming months.

6 Conclusions

Fables were introduced to explore ways to simplify digital game design and game
programming for primary school teachers and their pupils. In this paper we refine our
concept of Fables, by providing a more formal definition; furthermore, we discuss the
second iteration in the development of the F4BL3s web tool. In F4BL3s an author can
create a Fable (i.e. an objectified version of Schön’s exemplars), starting from a textual
description as well as by directly manipulating the rooms, people and things that appear
in the Fable. The Fable can then be run as a digital, interactive scenario-based story,
exemplifying abstract concepts or step-by-step problem-solving processes, for instance
in mathematics. F4BL3s effectively allows Fable authors to create interactive digital
media without coding, a need that was expressed by the teachers we cooperated with in
previous studies [1].

In the present study, we approach e-learning as an information ecology [12], in
which teachers and pupils are engaged in sharing information on learning content,
subjective understandings, individual challenges, and feedback. This exchange of
information is mediated through a series of analogue and digital tools. In recent years,
Danish schools have been engaging in a digitization of learning practice, hence
emphasizing the role of digital tools within the ecology. Teachers are actively con-
tributing to this process exploring the learning affordances offered by existing digital
tools, such as Kahoot, Google Docs, Microsoft PowerPoint and others. Through this
process, teachers and pupils are becoming increasingly competent in communicating
through digital tools, to edit simple stories, presentations, and paper-based games. In
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ecological terms we see this process as a form of co-evolution, a complex dynamics
affecting our teachers and pupils engage and experience their daily practices. Issues
emerge when teachers and pupils wish to create interactive media, like games or
interactive animations, as these require coding skills. In our experience it is not realistic
to expect primary school teachers to learn to program digital games, especially teachers
with non-technical backgrounds. The responses we gained from the teachers partici-
pating to our study confirmed our expectation that they did not want another coding
tool, but they welcomed the idea of evaluating a tool targeting their subjects, and in fact
we designed F4BL3s to contribute to the ongoing co-evolution in e-learning ecologies,
offering new affordances for existing storytelling, scenario-based learning practices.

In conclusion, although our prototype is still in the form of a minimum viable
product and for this reason it could not be tested with pupils yet, it was nonetheless
positively evaluated by teachers. More specifically the teachers responded positively to
our envisioned scenario where Fables empower teachers and pupils and let them
communicate and learn by creating their own digital scenario-based stories. They also
liked the fact that Fables can easily support subject-related narratives, without imposing
coding in the class, but actually mirroring the roles of teachers and pupils in their daily
mediated interaction. From what we know now about the needs of teachers and pupils,
we consider interoperability with other standard tools (such as Twine and PowerPoint)
a key element in the acceptance of the Fables tool. Finally, building on the data
gathered so far, future work includes an improved visual editor for F4BL3s, and we are
considering importing standard file formats, such as those used in Microsoft Power-
Point or Google Docs. This will allow our users to work full-cycle, starting from
whatever tool they find best, and finishing their Fables within the F4BL3 tool-chain.
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Abstract. In this research, we propose a method to estimate themental
fatigue of learner by measuring leg movement. Generally, fatigue of a
learner in a class gradually increases with time. Taking short breaks can
effectively mitigate this problem. However, it is challenging to conduct
short breaks at an appropriate timing in consideration of the learner’s
mental state. In this research, we focus on the movement of learner’s legs
and propose a method to estimate learner’s fatigue from the number of
transitions. Experiments were conducted to investigate whether fatigue
estimation is possible. A 10-min mental arithmetic task was imposed on
the subjects and repeated multiple times. We recorded the movement
of legs during the task. Also, we administered a questionnaire to mea-
sure the subjective degree of fatigue every time the mental arithmetic
task is completed. The result of analysis of the leg movement and the
answer to the questionnaire, revealed that there was a significant correla-
tion between the number of transitions of leg posture and the subjective
degree of fatigue. From these results, we concluded that fatigue of the
learner could be estimated by measuring leg movement.

Keywords: Learner’s fatigue · Leg movement · Break during a class ·
Class orchestration · Classroom sensing

1 Introduction

Having a short break during classes is essential. Mental fatigue of a learner is
tends to increase over time during a class. In Watanabe et al. [1], the concen-
tration oflearners can be kept for only about 40 min, so it is important to take
a break at appropriate intervals in order to conduct efficient learning.

Also, taking breaks at appropriate intervals or changing topics during classes
can reduce the fatigue of learners. A study conducted on the efforts of teachers
during a class showed that taking breaks during classes were valuable to the
learners [2]. However, when a teacher conducts a short break during a class,
the decision to conduct the break is based on the experience of the teacher.
c© Springer Nature Switzerland AG 2019
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The proficiency of the teacher is necessary to decide the appropriate timing for
the break.

The conception of our research is that teachers can decide the appropriate
timing to take a break by understanding the degree of fatigue of the learners. To
evaluate the psychological state, there are several questionnaires, such as Profiles
of Mood States (POMS) [3]. However, answering the questionnaires often hinders
the progress of the class and learning activity. Another method of evaluating
psychological state is measuring neurophysiological signals by attaching devices.
However, the devices attached to the learner’s body also influence the mental
state of the learner and hinder the learning activity.

Physical motions have been reported to represent a specific mental state,
one example is leg movements [4]. In this study, we focused on the learner’s
leg movement. It is possible to measure the learner’s leg movement without
interfering with the progress of the class or attaching measuring devices to the
learner. In this research, we propose a method for estimating mental fatigue by
measuring the leg movement of the learner.

2 Related Work

There are several studies on estimating human mental fatigue. In [5] mental
fatigue is Event related potential (ERP) P300 induced by the oddball task.
However, it takes a certain amount time to implement the oddball task and
measure the ERP. For this reason, it is difficult to measure ERP during class.

Other studies worked on the estimating the mental fatigue of drivers and
pilots using neurophysiological signals such as electroencephalogram (EEG),
electrooculography (EOG), heart rate. A review revealed the accuracy of using
neurophysiological signals to estimate mental fatigue in drivers and pilots is close
to 90% [6]. However, in each measurement, it is necessary to attach a multiple
electrodes to the head of the subjects. In addition, it is stated that the number
of electrodes is too much for the subjects to be measured comfortably.

Since attaching measuring instruments inhibits learner’s activity, design of a
contactless estimation method is needed.

3 Leg Movement for Mental Fatigue Estimation

In the educational setting, the movement of the upper body of a learner in
the sitting position in a class changes significantly depending on activities. For
example, the expected behavior of the upper body greatly varies between writing
and discussing. In such a case, it is difficult to obtain effective measurements of
mental fatigue using contactless measurements of upper body movement, due to
the variety of tasks.

With regards to lower body posture, there are substantial differences in leg
posture. For example in size and physique of a cahir can hinder a specific posture
of a learner. And the effect hinder a specific posture of a learner.
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Therefore, it is necessary to use measurements that are not easily influenced
by the conditions of chairs, as indicators of mental fatigue in the leg movement.
As a result, we focused on the number of transitions of leg posture. The definition
of a leg posture transition is when a learner starts moving legs and then stops
the legs, forming a specific posture. The merit of introducing the transitions of
leg posture is that it applies to subjects independently of the physical condition
of the subjects.

4 Experiment

The experiment was conducted for 15 undergraduate and postgraduate students
(A,. . . ,O) of a science and engineering university. The subjects tackled a 10-min
mental arithmetic task (Calc-n) and answered a questionnaire (VAS-n) using the
VAS (Visual Analogue Scale) to measure subjective fatigue level. This experi-
ment was repeated for seven repetitions (n = 1, . . . , 7). The mental arithmetic
tasks and the questionnaires are conducted on a desktop computer. We did not
inform the subjects in advance of the time required and the number of repetitons
of the mental arithmetic task that would be conducted during the experiment.

After finishing the tasks (Calc-7 and VAS-7), the subjects took a 20-min
break, and then answered the questionnaire again (VAS-break). After that, they
tackled the same mental arithmetic task again (Calc-post) and answered the
questionnaire (VAS-post).

Before the start of the experiment, a time period for practice was established,
to allow the subjects a period to become familiar with answering the mental
arithmetic tasks and the questionnaire. This adaptation phase was conducted
until the subjects felt that they were fully accustomed (Adaptation Phease).
After the practice, the subjects took a 10-min break to dissipate any men-
tal fatigue that might have accumulated during adaptation. Then the subjects
answered the questionnaire (VAS-pre) and started the experiment.

The procedure of the experiment is shown in Fig. 1.
The subjects were instructed not to take a meal and not to look at the

clock. The subjects were also instructed not to touch mobile devices such as
smartphones during the break to eliminate the influence on the subjects’ mental
state by external information. We restricted eating except drinking water during
the break, in order to prevent drowsiness.

In order not to hinder the occurrence of mental strain, those that could
infer the current time were excluded from the experimental environment so that
subjects could not obtain information on the current time. The subjects were
instructed to remove their watch. The mental arithmetic tasks were carried out
in an unmanned room except the subject so as not to influence the mental state
of the subject by the existence of another person.

The leg movement of the subjects during the experiment was recorded on a
video except for during the breaks. The number of transitions of the leg posture
was counted by observation of the recorded video. The analysis was conducted
according to the following rules.
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Fig. 1. The procedure of the experiment

– It is assumed that a transition happens when the legs move from a stationary
state and stop again within 4 s.

– If the movement stops for 2 s or longer, it is regarded as a stationary state.
– If the legs keep moving for more than 4 s, it is regarded as a new transition

every 4 s.

The mental arithmetic task used in this experiment was to judge whether
the calculation formula displayed on the screen was correct or not. The answer
from the subject was collected with the mouse connected to the computer. If
the calculation formula was thought to be correct, the subjects clicked the left
button of the mouse. If the calculation formula was thought to be wrong, the
subjects clicked the right button of the mouse. The screenshot of the mental
arithmetic task is shown in Fig. 2.

In this experiment, VAS was used as a method for evaluating subjective
mental fatigue. A questionnaire using VAS was shown on the computer display
consisting of the following two questions.

– Please answer the following questions about your current fatigue.
• Question 1: Please move the marker to the appropriate place as a degree

of “mental” fatigue.
• Question 2: Please move the marker to the appropriate place as a degree

of “physical” fatigue.

The response was made using a slide bar simulating VAS, between the left end
of “no feeling of fatigue” and the right end of “maximum imaginable fatigue”.
The answer is acquired in 21 steps from 0 to 20 and stored in a CSV file.

The screenshot of the questionnaire is shown in Fig. 3.
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Fig. 2. The screenshot of the mental arithmetic task

Fig. 3. The screenshot of the questionnaire

5 Results and Discussion

It is necessary to confirm whether the mental arithmetic task used in this study
is mental stress that induces a sufficient mental strain on the subjects. The
subjective average of the mental and physical fatigue value of the subjects in the
questionnaire is shown in Figs. 4 and 5 respectively.
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(*** : p < .001)

Fig. 4. Average value of the mental fatigue by questionnaire

(*** : p < .001)

Fig. 5. Average value of the physical fatigue by questionnaire

Both subjective mental and physical fatigue were significantly increased prior
to the mental arithmetic task (VAS-pre) and after finishing VAS-7. Moreover,
there was a significant decrease in the result after a 20-min break (VAS-break).
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Therefore, it is clear that the mental arithmetic task was appropriate as a men-
tal stress and a physical stress to cause strain on subjects. Also, the subjects
recovered by taking a break.

Figure 6 shows the average number of transitions of the leg posture in each
mental arithmetic task. The average number of transitions of leg posture in the
Calc-7 was significantly higher (p < .001) compared to the calc-1. Moreover, the
average number of transitions of leg posture in the Calc-post was significantly
lower (p < .05) compared to the Calc-7. Although the average number of transi-
tions decreased from the Calc-6 to the Calc-7, there was no significant difference
during this period. From these results, it can be considered that the number of
transitions increases due to the strain of the mental arithmetic task and decreases
due to the break.

(* : p < .05, *** : p < .001, n.s. : not significant)

Fig. 6. Average number of transitions of the leg posture

Next, Spearman’s rank correlation coefficient was calculated for the number
of transitions of leg posture in Calc-n (n = 1, . . . , 7 post) and the fatigue of
VAS-n (n = 1, . . . , 7 post) in each subject. The results are shown in Table 1.

There was a strong correlation (r > .60, p < .05) with 10 out of 15 subjects in
the number of transitions of leg posture and mental fatigue. There was also a
strong correlation (r > .60, p < .05) with ten subjects in the number of transitions
of leg posture and physical fatigue.

Spearman’s rank correlation coefficient was calculated for the average number
of transitions of leg posture in the Calc-n (n = 1, . . . , 7, post) and both the mental
and physical fatigue in VAS-n (n = 1, . . . , 7, post) of the subjects. The results
are shown in Table 2.
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Table 1. Correlation between the number of transitions and the fatigue of each
subject

Subject Transition & mental fatigue Transition & physical fatigue

A 0.81** 0.80**

B 0.97** 0.95**

C 0.55 0.60*

D 0.63* 0.64*

E 0.91** 0.88**

F 0.08 0.29

G 0.65* 0.80**

H 0.42 −0.23

I 0.93** 0.85**

J 0.66* 0.62*

K 0.46 0.53

L 0.90** 0.54

M 0.85** 0.68*

N 0.86** 0.95**

O 0.27 0.29

(*: p < .05, **: p < .01)

Table 2. The correlation between the average number of transitions and the average
of each fatigue

Mental fatigue Physical fatigue

Number of transitions .95** .98**

(**: p < .01)

6 Measuring Device: ThinkingLeg

We designed a device named “ThinkingLeg” to detect leg movement automat-
ically. The device is intended to be placed under the foot of a learner. The
developed device is shown in Fig. 7.

ThinkingLeg is a base-like device made up of a large number of photo reflec-
tors and controlled by Raspberry Pi. The detail of the ThinkingLeg is shown in
Fig. 8.

The photo reflectors detect foot through the acrylic board. Foot-ground posi-
tions are measured every two seconds. By analyzing the change of foot’s ground
positions, the number of leg transitions is counted automatically.
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Fig. 7. ThinkingLeg

Fig. 8. Design of ThinkingLeg

7 Conclusion

In this study, we propose a method to estimate mental fatigue by measuring
the leg movement of a learner, andwe also conducted an experiment to evaluate
the usefulness of the method. A mental arithmetic task was carried out by test
subjects in an effort to cause a mental strain. The number of transitions of leg
posture was counted. A questionnaire was administered to measure subjective
fatigue.

As a result of the experiment, it was found that there was a strong correlation
between the number of transitions of the leg posture and subjective fatigue.
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Therefore, it was revealed that there is a possibility of estimating the fatigue of
learners from their leg movement.

As a next step, the number of transitions of the leg posture will be analyzed by
multiple persons to improve the objectivity of the results. Also, the performance
of ThinkingLeg will be evaluated, and a system that estimates mental fatigue
with ThinkingLeg will be developed.
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Abstract. The design of interactive systems concerned with the impact
of the technology on the human agent as well as the effect of the human
experience on the technology is not a trivial task. Our investigation goes
towards a vision of socioenactive systems, by supporting and identify-
ing how a group of people can dynamically and seamlessly interact with
the technology. In this paper, we elaborate a set of guidelines to design
socioenactive systems. We apply them in the construction of a techno-
logical framework situated in an educational environment for children
around the age of 5 (N = 25). The scenario was supported by educa-
tional robots, programmed to perform a set of actions mimicking human
emotional expressions. The system was designed to shape the robots’
behavior according to the feedback of children’s responses in iterative
sessions. This entails a complete cycle, where the robot impacts the chil-
dren and is affected by their experiences. We found that children create
hypotheses to make sense of the robot’s behavior. Our results present
original aspects related to a social enactive system.
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1 Introduction

Advanced interactive systems entail complex interaction scenarios as well as
research challenges demanding the consideration of new factors to design and
guide the interaction. Kaipainen et al. [12,13] have drawn the outlines of a
multidisciplinary research agenda focusing on a dynamically coupled human and
technological processes. They defined the concept of enactive system, based
on a ubiquitous approach [18,19] of the Bruner’s enactment idea [1].

This approach is recursive by nature, involving the impact of the technology
on the human agent as well as the effect of the human experience on the technol-
ogy. Our investigation expands this concept to a socioenactive vision, which
goes further by supporting and identifying how a group of people can dynami-
cally and seamless interact with the technology. The conception and experimen-
tation of such a system presents several open research questions. For instance,
how to adequate the design of socioenactive systems in specific domain scenarios.

Our research scenario is an environment of complementary education for
children around the age of 5, enrolled in the Division of Early Childhood and
Complementary Education of the University of Campinas [3]. In this context,
we worked with educational robots, in particular the mBot [4], a robot kit that
enables programming via Scratch.

In this paper, we propose a set of socioenactive design guidelines and apply
them to a system in the educational environment. We assume that the system’s
behavior must be driven and shaped according to users’ input and sense making.
For this particular purpose, we adapted Kaipainen’s et al. [12] set of objectives
to design enactive systems, establishing a series of guidelines for the socioenac-
tive systems design. Following the guidelines, we mapped 6 human expressions
(happiness, sadness, disgust, surprise, anger and despise) to emojis and their
respective technological representation in the educational robot.

On this basis, we designed and evaluated a first version of a socioenactive
system, in which a series of iterative sessions were performed, consisting of the
following steps: a child secretly performs one of the mapped expressions to a cam-
era; the expression is identified and input into the system; the system identifies,
for that moment, which action must be executed by the robot; other children
hypothesize which expression led the robot to take that action; responses are
inserted into the system, influencing the next cycle of interaction.

We analyzed the study’s data relying both on systems’ behavior and the
participants’ responses. Our study explains how children created meaning to the
performed actions as a group working collaboratively. We found patterns related
to the diversity (lack of unanimity) on the robot’s expressions identified by the
children; a clear preference for an expression (happiness) and that children have
better performance when identifying the robot’s expression than the expression
performed by the child in the cardboard box.

Although recent literature has presented alternatives to tailor system’s results
according to students’ performance [9] and improved Educational Robotics (ER)
[16], we advance the state-of-the-art in the design and evaluation of systems
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with dynamic interactive coupling between people interaction and the systems’
behavior.

The remainder of this article is organized as follows: Sect. 2 presents the foun-
dations and related work. Section 3 thoroughly describes the defined method-
ology by presenting the experimental design, the participants and the stud-
ied application scenario. Section 4 presents the results and Sect. 5 discusses the
obtained findings. Finally, Sect. 6 presents the conclusion remarks and our envi-
sioned future work.

2 Background

Kaipainen et al. [12] defines as enactive a system that “is recursive by nature,
involving the impact of the technology on the human agent as well as the effect
of the human experience on the technology”. The following research questions
were considered to lead the design of enactive systems [12]:

• What if the interaction experience would modify the content, thus constitut-
ing a self-controlling system?

• What would be the proper metadata ontologies to account not only for pre-
existent content categories, but for those that can emerge in such a recursive
system dynamics?

Kaipainen et al. [12] further defined several objectives that could be used to
lead the development of such systems. In this investigation, we organized the
objectives into guidelines (named here from G1 to G4) as follows:

• G1: definition of a database or rule set to support the generation of behavior
in real time;

• G2: definition of technologies supported by sensors to detect and track par-
ticipants behavior;

• G3: mapping between psycho-physiological dimensions of content;
• G4: an algorithm to manage the narrative montage in real time.

We propose to include social aspects into the model to expand the original
enactive concept defined by Kaipainen et al. [12]. In this sense, our proposal
considers not only the individual—traditional key in the interaction process with
technology—but the impact of the social interactions performed by a group of
individuals in such environment. We defined this concept as “socioenactive”1.

A key research challenge to achieve socioenactive systems refers to the diffi-
culties of capturing, modeling, and interpreting human aspects such as emotion

1 The current research is part of a broader project, supported by the São Paulo
Research Foundation (FAPESP), grant #2015/16528-0, that aims to study, build
and evaluate socioenactive conceptual frameworks for different scenarios, like the
educational, health and museums. The complete project description is available at:
https://interhad.nied.unicamp.br/projetos/socio-enactive-systems Accessed: Febru-
ary, 2019.

https://interhad.nied.unicamp.br/projetos/socio-enactive-systems
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and social environment. The use of ontologies stands for an alternative to achieve
this goal, once they represent semantics in computational systems, by describing
concepts and interrelationships among them.

To represent semantics in computational systems, Web Ontologies have been
designed to provide rich machine-decidable semantic representation [6–8,10].
They refer to a formal specification of a domain, formalizing a conceptualization
of a domain in terms of classes, properties and relationships between classes.

Soft Ontology is another conceptual approach, in which, in contrast to Web
Ontologies, with fixed hierarchies described in Web Ontology Language (OWL)
[14], refers to flexible set of meta-data [12,13]. This is useful to represent dynam-
ically evolving information domains, as well as for representing and interpreting
psycho-physiological states by including, for instance, the emotions [15] from the
involved participants in the interaction. These ontologies present individual ele-
ments associated with values in a non-structured a priori hierarchy. They should
evolve according to the recursive cycle, thus impacting the human agent and
being affected by the human experiences.

With the objective of implementing these flexible solutions, ontology-based
enactive systems are frequently based on fuzzy models [17]. Other studies pro-
pose the use of ontology networks, which conciliate models of several types of
ontological representations, including soft and hard ontologies [5].

In this work, we rely on the concept of Soft Ontology to develop a behavior
matrix representing the meaning of robot’s actions. We assume that the robot’s
behavior is based on the children’ collective assignments by round to round from
the interaction in the environment.

3 Methodology

This investigation aims to answer the following research questions:

• RQ1: how to adapt the enactive guidelines proposed by Kaipainen et al. to
the design of socioenactive system?

• RQ2: what would be the first impressions of the execution of a socioenactive
system in an educational environment?

In the following, we present the experimental design of a socioenactive sys-
tem (Subsect. 3.1), followed by the educational application where the study was
conducted and the description of the participants in our study (Subsect. 3.2).
Subsection 3.3 presents the workshops environment and dynamics. Subsection 3.4
presents how data collected from the study was analyzed.

3.1 Experimental Design

The experimental research design was organized to adapt the enactive systems’
goals proposed by Kaipainen et al. [12] as guidelines to support the design of
socioenactive systems. Table 1 presents the 4 proposed key guidelines (G1, G2,
G3 and G4) underlying our experimental design.
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Table 1. Guidelines for the socioenactive design. Adapted from the guidelines proposed
by Kaipainen et al. [12] to support the design of enactive systems.

Guideline Socioenactive design guideline

G1 Defining a database or rule set to support the generation of behavior
in real time: Definition of a behavior matrix to support the genera-
tion of real-time feedback. From a given input, the system analyzes
the behavior matrix, processes the data, and provides the appropriate
output

G2 Defining technologies supported by sensors to detect and track par-
ticipants’ behavior: We adopt the mBot [4], a robot based on Scratch
programming to support this study. The mBot has a wide range of
sensor that can be used to detect and track participants’ behavior

G3 Mapping between psycho-physiological dimensions of content: The
mapping between psycho-physiological dimensions of content through
human facial expressions, like happiness, sadness, etc. We define
3 mapping levels: closer to humans, represented by the used emo-
jis; intermediate, through the representation of the expression in the
mBot software and; hardware, in which each facial expression was
showed in the mBot’s display (cf. Fig. 5)

G4 Defining an algorithm to manage the narrative montage in real time:
The algorithm to manage the real-time narrative was defined as an
internal mBot’s programming: for each facial expression, it was pro-
grammed to perform a specific action through a series of joint actions
of its locomotion and sound sensors (cf. Table 4)

Figure 1 shows an adaptation of an enactive system’ scheme [12,17] towards a
socioenactive system’s organization explored in this study. It shows the socioe-
nactive feedback cycle, starting with G1, used to support the implementation of
the socioenactive system instance (cf. Subsect. 3.2). The guidelines were mapped
to a behavior matrix (G1), the mBot [4] (G2 and G4) and the mapping of human
facial expressions (G3). The social component is represented by the children
themselves.

3.2 Study Scenario and Participants

In total, 25 children, aged 4 to 5 years old, participated in this study. All children
were enrolled in the Division of Early Childhood and Complementary Education
of the University of Campinas [3]. The children came from two separated classes,
morning and afternoon—referenced from now on as Group 1 and Group 2—with
respectively 13 and 12 students each. Each group had a different teacher.
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Fig. 1. Socioenactive feedback cycle mapped to the proposed guidelines. Adapted
from the enactive system proposed by Tikka et al. [17] and organized by Kaipainen
et al. [12].

In this study, all parents signed a Term of Consent2, allowing the partici-
pation of children, and data collection through video and images. All children
assented to participate and signed the Term of Agreement with the help of
teachers.

Initially, in a brainstorming session with teachers, we defined 6 expressions
that would make sense for the children’ related context: happiness, sadness,
disgust, surprise, anger and despise. Each expression was associated to an emoji3

expression (cf. Fig. 2).
In order to contextualize each emojis expression to children, the teachers

mapped parts of an adapted version of the “Little Red Riding Hood” story to
each of the emojis. The teachers then organized storytelling sessions with the
children, showing to them the respective emoji plaque when required (associated
to specific parts of the story). For example, a plaque with the “surprise” emoji
was shown to the children in the scene that the wolf revealed his disguise to the
Little Red Riding Hood. Table 2 illustrates how some parts of the story were
mapped to the emojis:

2 This research was approved by the Research Ethics Committee of the University of
Campinas with number 72413817.3.00000.5404.

3 Ideograms and smileys used in electronic messages and web pages. Definition
retrieved from: https://en.wikipedia.org/wiki/Emoji Accessed: January, 2019.

https://en.wikipedia.org/wiki/Emoji
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Fig. 2. Representation of the emoji expressions used in this study, portraying hap-
piness, sadness, disgust, surprise, anger, despise. The emojis were retrieved from the
public list of Unicode 11.0 emoji characters [11]. Although very similar, the original
images used in this study were not reproduced here as they were retrieved from several
internet websites.

Table 2. Example of how some parts of the adapted version of the “Little Red Riding
Hood” were mapped to the emoji expressions.

Emoji expressions Parts of the story

Happiness “Little Red Ridding Hood looked back and saw the magic tree
swinging its branches from side to side, she was HAPPY
because unraveled all the charades ...”

Surprise “After walking a little, Little Red Ridding Hood was SUR-
PRISED to see a castle haunted! ...”

Sadness “... the children were very SAD! How do we find our way back?
... ”

Anger “... trapped inside the castle. Little Red Ridding Hood was
ANGRY at that. How could she leave? ...”

Disgust “With the rain, a DISGUSTING super toad appeared ...”

Despise “Then the magic tree say with a tone of DESPISE : I’m not
going to open now ...”

Related to the guideline G3 (cf. Table 1), Fig. 3 shows the expressions map-
ping, in which each emoji (first row) was mapped as a segment display image,
programmed in the mBot software (second row). The third row shows the mBot
display mapped to each one of the emojis.

Related the guideline G1 (cf. Table 1), our behavior matrix represents domain
concepts and ontology dimensions. This matrix is based on the idea of ontologi-
cal dimensions (ontodimensions) and ontospaces as proposed by Kaipainen et al.
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Fig. 3. Expressions mapping: emoji; mBot software (how the emoji was programmed
in the mBot) and how the equivalent emoji was shown in the mBot’s display.

[12]. Their proposal focused on the representation of collaborative tagging prac-
tices, with the tags representing ontodimensions and the tag space, ontospaces.

The behavior matrix is our ontological solution to represent knowledge about
the emotional expressions and a set of behaviors that can be performed by the
robot. Table 3 shows our solution exploring a probability matrix to represent the
association of the robots’ actions (rows) and emotional expressions (columns).
Each cell represents a weighted probability value of the robot to execute an action
for a given emotional expression. The matrix provides flexible and fuzziness
behavior to our robot solution. New actions can be dynamically included by
inserting new rows, and new emotional expressions can be inserted including
new columns in runtime.

Table 3. Behavior matrix (initial state). Cells represent weighted probability values
of the robot to execute an action (rows) for a given expression performed by a child.

Despise Happiness Anger Sadness Disgust Surprise

Action 1 1.00 1.00 1.00 1.00 1.00 1.00

Action 2 1.00 1.00 1.00 1.00 1.00 1.00

Action 3 1.00 1.00 1.00 1.00 1.00 1.00

Action 4 1.00 1.00 1.00 1.00 1.00 1.00

Action 5 1.00 1.00 1.00 1.00 1.00 1.00

Action 6 1.00 1.00 1.00 1.00 1.00 1.00

Here, the concepts refer to the defined emotional expressions and the ontology
dimensions to the robot’s actions. Each matrix element stands for a probability
of relating the concept with an ontology dimension. All values of the matrix were
initialized with an initial default probability. Along the execution of the workshop
dynamics (cf. Subsect. 3.3) and the input answers from children, the probabilities
are adjusted representing the children’ understanding of the correlation between
concepts and ontology dimensions. This dynamic behavior of the matrix based on
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participants’ input can be seen as a socioenactive system because the association
of the robot’s actions with the emotional expression are modeled according to
the social interaction context and people’s contribution.

Related to the guideline G4 (cf. Table 1), the mBot was programmed to
perform a set of actions for each one of the expressions. The set of actions for
each expression was designed with the help of teachers aiming to give a realistic
emotional aspect to the mBot. Table 4 shows the algorithm related to each action
programmed in the mBot. Guideline G2 was not adopted on this study (i.e., the
robot’s sensors were not employed).

Table 4. Algorithm (actions to be executed) programmed in the mBot related to each
emoji expression.

Action mBot’s programmed algorithm

Action 1
Happiness

Display changes to happy expression

mBot dances (go forward for 2 s, them turn left and right
several times

Action 2
Sadness

Display changes to sadness expression

Go slowly forward and stops (repeat three times)

Action 3
Disgust

Display changes to disgust expression

mBot moves away slowly. Stops

Action 4
Surprise

mBot goes fast forward for 4 s. Stops

Display changes to surprise expression

Action 5
Anger

Display changes to anger expression

Zig zags forward; Stops

Action 6
Despise

mBot goes fast forward for 4 s. Stops

Display changes to despise expression

Turn 180◦; Go forward for 4 s

3.3 Workshops Environment and Dynamics

We conducted workshops for evaluating of our socioenactive system. The study
environment was composed by a cardboard box, presented to the children as a
“telepathic box”, equipped with a camera and isolated from the other parts; a
stage for the robot to perform its actions; a children audience area; and a table
for the children to choose (vote) which expression they thought their friend
made inside the “telepathic box”. Figure 4 shows the workshop environment
organization.

The workshop dynamics was organized in the following steps:

• Step 1: Each child is randomly selected to mimic an emotional expression in
the “telepathic box”. Overall, each child is selected once.
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Fig. 4. Workshop environment. Part (a) relates to the “telepathic box”, a cardboard
box where in each iteration a child draw and performed an expression; part (b) relates
to the children in audience; part (c) relates to the table in which the children, each one
on his/her turn, chose which expression (identified through RFID emojis) they thought
his/her friend made inside the “telepathic box”; part (d) relates to the stage in which
the robot performed its actions; part (e) relates to the researchers who watched the
study; part (f) refers to the camera that recorded the entire study; and part (g) relates
to the notebook in which the robot was connected.

• Step 2: The selected child choose a plaque and mimic an emotional expression
in front of a camera.

• Step 3: The system triggers an action in the robot based on the recognition
of the expression performed by the child. Considering the difficulties related
to real-time image processing and facial recognition, we adopted a Wizard of
Oz approach [2]: after the child in the “telepathic box” mimics the expression,
a researcher signals to the other researchers which expression was performed.

• Step 4: Children in the audience area watch the robot performing the action.
• Step 5: Teachers ask the children in the audience area: “What expression do

you think your friend made in the telepathic box that triggered this action
on the robot?”. Each child selects, privately and in his/her own turn, an
emoji expression from a pool with the 6 available expressions. Each emoji
was internally identified with an RFID.

• Step 6: The data collected in the step 5 is used to update the system’s
behavior matrix.

Figure 5 shows the “telepathic box” (left) and a child selecting an emoji
expression (equipped with a RFID tag) as they thought his/her friend performed
inside the “telepathic box”.
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Fig. 5. On the left, the “telepathic box”; on the right, a child selecting an emoji
expression.

The behavior matrix was initially configured to select aleatory actions (Step
3) for a given emotional expression (all ontological dimensions present an equal
probability). In such a case, it is initialized with default values (cf. Table 3),
which is adjusted according to the children’s behavior. The fuzziness behavior
is provided by the weighted random selection of the robot’ actions. For this
purpose, we used weighted values associating actions to emotion expressions
(i.e., the values of a column). The weighted value is adjusted according to the
children’ feedback during the Step 6 in the workshop. This complete a cycle,
where the robot impacts the children and is affected by their experiences.

As the rounds proceed, our defined algorithm balances the probabilities
among the robot’s actions according to audience feedback (Steps 5 and 6). For
instance, given an “action x” performed by a child in the “telepathic box”, if
most of the children selected a “happy emotion” to such action, the system would
increase the probability of association between “happy emotion” and “action x”.
In this sense, the robot’s behavior is based on the children’ collective feedback,
as it relies on the assignments received in each round.

As mentioned earlier, we carried out studies with two groups, Group 1 and
Group 2, respectively, related to the morning and afternoon classes. The study
with Group 1 was used to calibrate the behavior matrix, test it, and correct
errors. The matrix was really put into practice only during the study with
Group 2.

3.4 Employed Analyses

All workshop sections were filmed and produced data recorded for analyses. We
emphasize two distinct analyses. The first concerns the behavior matrix data.
For this purpose, we stored the matrix status for each iteration related to the
children’s answers to understand the consistency and convergence of concepts
related to the ontology dimensions (Subsect. 4.1 presents the obtained results).



248 R. Caceffo et al.

The second analysis concerns the children’s behavior data. At this analysis,
we aimed to comprehend the different expressions assigned by children over
the different iterations in the workshops. For this purpose, we counted each
participant answer in each iteration in the workshop (Subsect. 4.2 presents the
obtained results).

4 Evaluation Results

Section 4.1 presents an analysis of the behavior matrix data. Section 4.2 focuses
on the children’s behavior during Group 2 study, once this group used a stable
version of the behavior matrix.

4.1 Behavior Matrix Analysis

Table 5 presents the status of the matrix after the first iteration (with Group 2).
For example, in Table 5 there is a lower probability of the robot to execute action
1 in response to a child that performed the disgust expression in the “telepathic
box”.

Table 5. Behavior matrix after first iteration. Cells represent weighted probability
values of the robot to execute an action (rows) for a given expression performed by a
child in the “telepathic box” (columns). ∗i cell’s value was changed by iteration i

Despise Happiness Anger Sadness Disgust Surprise

Action 1 1.00 1.00 1.00 1.00 0.71∗1 1.00

Action 2 1.00 1.00 1.00 1.00 1.00 1.00

Action 3 1.00 1.00 1.00 1.00 1.00 1.00

Action 4 1.00 1.00 1.00 1.00 1.00 1.00

Action 5 1.00 1.00 1.00 1.00 1.00 1.00

Action 6 1.00 1.00 1.00 1.00 1.00 1.00

Table 6 presents the matrix values after four iteration rounds. In the first
iteration a child expressed disgust in the “telepathic box”, leading the robot to
execute action 1, related to happiness, as presented in Table 4. Then, in average,
the other children chose, through the RFID emojis, a different expression of
the one performed by the child in the “telepathic box”. Thus, the weight for
action 1 was decreased, i.e., it was not a good action to be associated to the
disgust expression for this group of children.

In the second iteration, a child expressed happiness in the “telepathic box”,
leading the robot to execute action 3, related to disgust. Similarly to the first
iteration, in average the other children chose, through the RFID emojis, a dif-
ferent expression of the one performed by the child in the “telepathic box”.
Thus, the weight for action 3 was decreased in the happiness column of the
matrix.
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Table 6. Behavior matrix after the fourth iteration. Cells represent weighted probabil-
ity values of the robot to execute an action (rows) for a given expression performed by
the child in the “telepathic box” (columns). ∗i cell’s value was changed by iteration i

Despise Happiness Anger Sadness Disgust Surprise

Action 1 1.00 1.00 0.60∗3 1.00 0.71∗1 1.00

Action 2 1.00 1.00 0.60∗3 1.00 1.00 1.00

Action 3 1.00 0.71∗2 0.60∗3 1.00 1.00 1.00

Action 4 1.00 0.71∗4 0.60∗3 1.00 1.00 1.00

Action 5 1.00 1.00 1.40∗3 1.00 1.00 1.00

Action 6 1.00 1.00 0.60∗3 1.00 1.00 1.00

In the third iteration, a child expressed anger in the “telepathic box”, lead-
ing the robot to execute action 5, related to anger. Then, in average, the other
children chose, through the RFID emojis, the same expression of the one per-
formed by the child in the “telepathic box”, i.e., the anger expression. Therefore,
the behavior matrix had increased the value related to action 5 in the anger col-
umn, also decreasing the values of the other actions in the same column, once
there was a correspondence between the expression performed by the child in
the “telepathic box” and the expression chosen by the other children.

In the fourth iteration a child expressed happiness in the “telepathic box”,
leading the robot to execute action 4, related to anger. Then, in average, the
other children chose, through the RFID emojis, a different expression of the
one performed by the child in the “telepathic box”. Thus, the weight for action
4 was decreased in the happiness column.

After 12 iterations, the behavior matrix presented a slow but consistent con-
vergence, by attributing higher weights to the actions that represent the emo-
tional expressions, as planned by the researchers. It is important to mention that
this (12) is still a low number of iterations for convergence purpose. Scenarios
with larger number of actions, including various action alternatives for a given
emotion expression, are necessary to a more precise evaluation of the behavior
matrix.

4.2 Children’s Behavior Analysis

In the Group 2 study, 12 children were present, thus leading to 12 iteration
rounds. For each iteration, 11 children should choose what facial expression they
thought the child in the “telepathic box” had performed. They used RFID emojis
to indicate their choices (cf. Sect. 3.3).

Figure 6 shows the number of different emoji expressions chosen by the chil-
dren in Group 2 in each of the 12 iterations. It is possible to observe that none
of the iterations had an unanimity in the expression’s choice. Iterations 1 and 8
presented the lowest diversity in the choices with 3 different expressions chosen.
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Fig. 6. Number of different expressions chosen by the children in Group 2 in each
iteration. For example, in iteration 8 a total of 3 different expressions were chosen
by at least one child through the RFID emoji. On its turn, in iteration 6 all possible
expressions were chosen.

Figure 7 presents (in blue) the total number of choices related to each expres-
sion, considering all iterations. The max number (132 choices), was calculated
multiplying the number of iterations (12) by the number of choices in each iter-
ation (11). It also presents (in orange), the total number of iterations in which
each expression was chosen by at least one child.

On its turn, Fig. 8 shows the frequency of children’s choices related to each
expression in each iteration. For each iteration, the expression drawn and per-
formed by the child in the “telepathic box” is indicated in a black label, whereas
the action performed by the robot is indicated in a blue label. For example, the
disgust expression was performed by the child in the “telepathic box” in itera-
tions 1 and 9, and the robot did not execute this action in any iteration. Also, in
iterations 1 and 9, respectively 3 and 2 children chose RFIDs emojis related to
the disgust expression, meaning they believed the child in the “telepathic box”
had performed the disgust expression.

Additionally, also through the analysis of Fig. 8, it is possible to infer that the
expression with the highest number of votes was equivalent to the one performed
by the child in the “telepathic box” in 25% (3 of 12) of the cases (specifically
iterations 3, 7 and 10). On the other hand, in 75% (9 of 12) of the cases (specif-
ically iterations 1, 2, 3, 4, 7, 8, 9, 10 and 11) the expression with the highest
number of votes was equivalent to the one performed by the robot.

Finally, we observe that in three iterations (4, 8 and 11) a consensus was
reached, i.e., the majority of children chose the same RFID emoji. In all of these
iterations the emoji chosen corresponds to the action performed by the robot.
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Fig. 7. In blue, the total number, considering all iterations, that each expression was
chosen by the children in Group 2 (max = 132). In orange, the number of iterations in
which that expression was chosen by at least one child (max = 12). (Color figure online)

5 Discussion

Kaipainen et al. [12] proposes, as a contrast to the standard conceptualization
of human-computer interaction, an enactive relationship between the individ-
ual and technology. On that approach, an enactive system would consider the
impact of the technology on the human agent as well as the effect of the human
experience on the technology [12]. This relates to the ubiquitous computing
approach proposed by Weiser [18,19], which predicts a seamless interaction with
technology, that adapts itself accordingly to the environment characteristics.

Pushing forward the state-of-the-art, this investigation aimed at understand-
ing how a group of people can dynamically and seamlessly interact with tech-
nology underlying socioenactive systems enriched by ontology aspects regarding
emotional expressions (research question RQ1). For this purpose, our research
scenario involved an educational environment with two different groups (Group
1 and Group 2) of 4–5 years old children (N = 25 in total) participating in pro-
posed activities supported by an educational robot. Our robot was programmed
to perform a set of actions mimicking some emotional human expressions: hap-
piness, sadness, disgust, surprise, anger and despise.

In the carried out workshops, a series of iterative sessions were conducted,
consisting of the following steps: a child secretly performs one of the mapped
emotional expressions to a camera; the expression is identified and is input into
the system; the system identifies, for that moment, which action must be exe-
cuted by the robot; other children hypothesize which expression led the robot
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Fig. 8. For each iteration (1 to 12), the horizontal bars represent the number of partic-
ipants whom chose each expression. The left labels indicate the expression drawn for
each iteration (in black) and the action executed by the robot (in red). For example, in
iteration 1: the expression performed by the child in the “telepathic box” was disgust;
the action executed by the robot was happiness; 5 children chose happiness and; 3
children chose disgust and other 3 chose surprise. (Color figure online)

to take that action; responses are inserted into the system, starting another
iterative cycle.

In summary, answering the research question RQ2, we observed in Group 2
some patterns in the actions and behavior performed by the children as our key
findings:

• Diversity of choices for the emotion expression done by the robot:
We observed a lack of unanimity in the interpretation of the expression made
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by the robot. For instance, the group had 4 and 5 different emotion expressions
chosen in 8 iterations (out of 12). This result could be attributed in part to
the difficulty of the task, considering emotion and its expression through
interpretation of the behavior of a robot is not trivial, especially for children
of that age. Moreover, there was the complexity of the ontology algorithm
in getting input from the audience to rebuild the robot’s behavior in the
iterative feedback cycle, which could have made the emotional situation even
harder to grasp.

• Happiness is the king/queen! The choice of happiness as a response for
interpreting the robot’s action (or the expression supposedly made by the
child in the telepathic box to be reproduced by the robot) was present in
11 of the 12 iterations. This could be interpreted in part as a reflex of the
pleasure and excitement children were experiencing in the activity, with the
robot’s actions in the narrative scenario presented to them. It seems that
children tended to see happiness more frequently than the other emotions.

• Capturing the robot’s emotion expression: A relevant result relative
to the interpretation of the robot emotion was observed. Instead of guessing
the emotion the kid in the telepathic box did, children were very good in
guessing the expression the robot was expressing. In nine, out of 12 iterations,
the expression most chosen by the children was the same actually performed
by the robot. This means the action of the robot as a system output was
characterizing very well the intended emotion in its behavior.

Overall, several lessons could be learned from this study, that should be
addressed in further investigations. Some approaches should be useful in dealing
with the many complexities present in our research scenario. The scenario was
created for children’s interaction with a robot, who learns with the children’s
interpretation of the emotion expressed in the robot’s behavior. This is clearly a
socioenactive system scenario, as the enactive and the social aspects of children’s
enaction are present.

Although the system enactive loop was very consistently performed as there
were actions coming from the audience that fed the system, shaping the next
system’s actions, some fine tuning in the algorithm is still needed. The social
aspect of interaction in the enactive loop was consistently considered by the
ontology algorithm to deal with what that specific group understands as a par-
ticular emotion expression. Nevertheless, some adjustments in parameters are
still required to cope with the learning aspect of the algorithm.

Besides the ontology system algorithm, other aspects deserve our attention.
Working with emotions and their expression, especially in children context might
need more granular treatments. For example, reducing the set of emotions could
help in making more visible the children’s responses. The joint behavior of chil-
dren in expressing or interpreting emotions should be another aspect to explore,
going further in understanding their ‘choices’ of the emojis which better repre-
sent the robot’s action.

This work contributed to understanding some socioenactive aspects of inter-
action in technology-enhanced scenarios. The lessons learned in this investigation
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is certainly helpful for informing new scenarios and going further to thoroughly
advance the state-of-the-art.

6 Conclusion

The way of designing coupled interactive systems integrating technology and
humans in a less deterministic fashion deserves huge research efforts. This paper
expanded the enactive concept to a socioenactive vision. Based on the features for
enactive systems, we defined a set of guidelines to design socioenactive systems.
An instance of such system was implemented in an educational scenario, in which
several iterations generated data to shape the behavior of the system according to
the meaning given by the children in the conducted workshop dynamics, leading
to a non-deterministic behavior of the system. We found several patterns in the
children’s actions and behaviors. We consider this study as a first of several efforts
in investigating socioenactive systems in practice, shedding light and supporting
further development related to this topic. Future work involves further analyses
over the user experience in the context of our study. The analysis of such data
might provide additional support and evidences to conduct additional studies in
the design and development of socioenactive systems.

Acknowledgments. This research is supported by São Paulo Research Foun-
dation (FAPESP)4, grants #2015/16528-0, #2014/07502-4, #2018/06416-8 and
#2017/02325-5. Additional support was provided by the Brazilian Federal Agency
for Support and Evaluation of Graduate Education (CAPES), the National Council of
Technological and Scientific Development (CNPq) under grant #306272/2017-2, the
University of Campinas (UNICAMP), the Nucleus of Informatics Applied to Education
of the University of Campinas (NIED), and the Federal Institute of Education, Science
and Technology of São Paulo (IFSP).

References

1. Bruner, J.S.: Toward a Theory of Instruction, 177 p. Belknap Press, Cambridge
(1966). $3.95. Bull. Natl. Assoc. Second. Sch. Princ. 50(309), 304–312 (1966).
https://doi.org/10.1177/019263656605030929

2. Critical acclaim for research methods in human computer interaction. In: Lazar,
J., Feng, J.H., Hochheiser, H. (eds.) Research Methods in Human Computer
Interaction, 2nd edn, pp. v–viii. Morgan Kaufmann, Boston (2017). http://www.
sciencedirect.com/science/article/pii/B9780128053904099866

3. Division of early childhood and complementary education of the university of camp-
inas (dedic), January 2019. http://www.dgrh.unicamp.br/dedic/prodecad

4. mBot: Ideal robot for children to build and code, January 2019. https://www.
makeblock.com/steam-kits/mbot

4 The opinions, hypotheses, and conclusions or recommendations expressed in this
material are the responsibility of the authors and do not necessarily reflect the views
of FAPESP.

https://doi.org/10.1177/019263656605030929
http://www.sciencedirect.com/science/article/pii/B9780128053904099866
http://www.sciencedirect.com/science/article/pii/B9780128053904099866
http://www.dgrh.unicamp.br/dedic/prodecad
https://www.makeblock.com/steam-kits/mbot
https://www.makeblock.com/steam-kits/mbot


Collaborative Meaning Construction in Socioenactive Systems 255

5. Bonacin, R., Calado, I., dos Reis, J.C.: A metamodel for supporting interoperability
in heterogeneous ontology networks. In: Liu, K., Nakata, K., Li, W., Baranauskas,
C. (eds.) ICISO 2018. IAICT, vol. 527, pp. 187–196. Springer, Cham (2018).
https://doi.org/10.1007/978-3-319-94541-5 19

6. Dos Reis, J.C., Bonacin, R., Baranauskas, M.C.C.: A semiotic-based approach to
the design of web ontologies. In: 12th International Conference on Informatics and
Semiotics in Organisations (ICISO 2010), pp. 60–67 (2010)

7. Dos Reis, J.C., Bonacin, R., Baranauskas, M.C.C.: An assisted process for build-
ing semiotic web ontology. In: 13th International Conference on Informatics and
Semiotics in Organisations (ICISO 2011), pp. 167–174 (2011)

8. Dos Reis, J.C., Bonacin, R., Baranauskas, M.C.C.: Constructing web ontologies
informed by semantic analysis method. In: 13th International Conference on Enter-
prise Information Systems (ICEIS 2011), pp. 203–206 (2011)

9. Effenberger, T., Pelanek, R.: Towards making block-based programming activities
adaptive. In: Proceedings of the Fifth Annual ACM Conference on Learning at
Scale, L@S 2018, pp. 13:1–13:4. ACM, New York (2018). https://doi.org/10.1145/
3231644.3231670

10. Gruber, T.R.: Toward principles for the design of ontologies used for knowledge
sharing. Int. J. Hum. Comput. Stud. 43(5–6), 907–928 (1995)

11. Unicode Inc.: Unicode 11 emoji fonts (2019). http://www.unicode.org/emoji/
charts-11.0/emoji-list.html

12. Kaipainen, M., Normak, P., Niglas, K., Kippar, J., Laanpere, M.: Soft ontologies,
spatial representations and multi-perspective explorability. Expert Syst. 25(5),
474–483 (2008)

13. Kaipainen, M., et al.: Enactive systems and enactive media: embodied human-
machine coupling beyond interfaces. Leonardo 44, 433–438 (2011)

14. Kalyanpur, A., Golbeck, J., Banerjee, J., Hendler, J.: OWL: capturing seman-
tic information using a standardized web ontology language. Multiling. Comput.
Technol. Mag. 15(7) (2004)

15. Pittermann, J., Pittermann, A.: A data-oriented approach to integrate emotions
in adaptive dialogue management. In: IUI (2007)
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Abstract. Nowadays, mobile-assisted technology has been widely adopted to
promote learning outcomes in various realms. This study sought to determine
how gender affects students in evaluation of the use of mobile-assisted tools,
such as Kahoot!, Socrative and Classdojo on English learning. It involved in 143
learners of English as a foreign language (EFL) at a junior college in southern
Taiwan. Regarding to feedback about the use of Kahoot!, female students
strongly agreed its benefits than male students, especially in helping organize
important information from reading texts. Compared to Kahoot!, female stu-
dents felt less stressful than males because they can respond to questions via
Socrative by their own speed. In addition, females showed higher agreement
than males that everyone is required to answer questions helps them check their
comprehension. In terms of overall perception of using mobile-assisted tools,
students showed positive attitudes of using them in reading courses. The finding
is interesting that females reported higher agreement and expectation in various
situations than males on learning with mobile-assisted tools. For instance,
females showed more positive perceptions than that of male students on helping
them pay more attention in lectures, perform better learning outcomes, build
confidences to study well in class and receive better scores on exams, under-
stand the lectures well, and monitor their learning performance instantly.
Despite of benefits of mobile-assisted tools in education, another important
element for such tools on creating effective and efficient teaching is the ease of
use, which reduces both teachers and students’ loads and time on familiarizing
the applications. Mobile-assisted tools mentioned in the study, including
Kahoot!, Socrative, and Classdojo, provide easy functions that increase users’
acceptance level. In addition, those applications were free of charge that
increases accessibility and application for teachers to integrate into their
teaching practice.

Keywords: Gender difference � Mobile-assisted learning � Kahoot! �
Socrative � EFL

1 Introduction

1.1 Background of the Study

The study was conducted in at a junior college in Southern Taiwan, and participated
students are English major students who took literacy course from the researcher. Since
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the normal class size is about 50 to 60 students in an English classroom, it makes it
challenging for the teacher to monitor all students’ learning. Moreover, reading
involves complex and cognitive process that requires advanced level of thinking skills
[1]. The complexity of reading text might have negative impacts on learners of English
as a Foreign Language (EFL), and decrease their interest on reading. Thus, increasing
English learners’ motivation on literacy reading and comprehension is the purpose of
the study.

To this purpose, Kahoot! was adopted in the English classroom. Kahoot! is a game-
based learning platform that assesses learning by answering different types of questions
correctly. In addition to motivation, questions are used as major classroom task to
enhancing students’ comprehension since it was proved to improve students’ motiva-
tion and comprehension [2, 3]. Studies have proved significant effects of Kahoot! on
promoting learning motivation [4–6]. However, after researching current studies that
are done in Taiwan, it is found that most studies on teaching with technology have
centered on elementary and junior high school students, especially in the area of
science, social science and computer. How game-based platform affects language
learning has not been discussed much in this decade.

As game-based learning gains more and more attention among educational insti-
tutions, this article sought to determine how gender affects students in evaluation of the
use of Kahoot! and their comprehension from game-based learning.

1.2 English Education in Taiwan

In Taiwan, English has been officially recognized as core subject that is taught since
third grade. Therefore, learning English becomes a trend among students and is con-
sidered an essential skill either in school or at workplace. However, English
achievement seems not to be enhanced steadily as educators expect [7], and educators
begin to investigate the reason why overall English skill is not promoted. English
education during junior and senior high stage is mainly text-oriented, that students
learn to memorize language rather than to use language. Thus, students show less
motivation on learning English or show more desires to enhance English [7]. Educators
points out that the lack of educational resources and inputs lead to a learning gap
because at-risk students might not have opportunities to involve intensively in English
environment and receive better education [7].

1.3 Gender, Language Learning, and Technology

Nowadays, how technology integrates into classroom receives much attention, and
more and more teachers are trying to adopt game-based software as a means in teaching
language. However, certain software might favor particular goals in language learning.
Student learning could be affected by their perception and attitudes toward the use of
technology in learning [7].

As English has treated as the lingua franca around the world, it plays essential role
in various fields of our lives, including workplace and education [8]. People arises
interest and intention in enhancing their English proficiency. In terms of language
development, second language learning could be influenced by various factors, such as
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readers, text, the teacher, sociocultural [1, 9, 10]. Among, gender has been one of the
most common investigated factors that affect foreign language learning [11].

Science has proved men and women think and process information differently [12].
Studies showed that female students performed better in language learning than male
students [13]. Delić et al. [11] synthesized a number of studies on the effects of gender,
confirmed that female students are more motived than male students in learning foreign
language and obtaining better scores. Despite better achievement of female students,
gender difference seems not to be significant in certain language learning process. That
is, female and male students favor particular strategies in learning language, which
might contribute to their greater performance in the process of language learning [11,
14, 15]. It is saying that both females and males have preferences.

When it comes to technology, gender has been an important issue that determines
the success of integration of technology in learning [16]. In addition, high portion of
females enters in the workplace, and females seem to receive disadvantage in certain
area, such as education and workplace, because of discrimination and less skills in
technology and engineer [16, 17]. In Venkatesh and Morris’s [18] study investigated
employees about using technology model, it found that females seem to use the
technology that needs less effort and difficulty since they report high level of anxiety in
computer than males. Gender difference exists in the way they use the technology.
Females was found to spend more time in social network than man, and use social
media as productive tool, whereas male students use it for the purpose of entertainment
[19, 20].

Apart from the gender difference in technology preference, studies have been done
to investigate how technology is helpful on various fields of learning performance [21,
22]. Schools plays essential role in developing students’ learning performance because
of environment where they negotiate and interact with peers. Through computer pro-
grams, it creates “a nonthreatening language learning environment where second lan-
guage learners will not feel insecure to practice the target language and to make and
correct their errors without embarrassment or anxiety” [23, p. 86]. However, based on
Krashen’s input hypothesis, when learners are given advanced level of comprehension,
they can gain the meaning and structures without instruction. That is to say that
effective learning requires inputs from both the level the learner is at and the advanced
level.

Studies on the benefits of teaching with technology, synthesized by Jian [7],
showed that technology-assisted teaching delivers information fast and effectively, and
increases motivation on language learning by integration of words and visual graphs.
Visual resources, such as logo and simulations, help to raise and build children’s level
of understanding on concepts more quickly. Visualization is helpful to increase
retention [24] and to make connections to the prior knowledge for storing in long-term
memory. For instance, software programs can help beginning-level ESLs to connect
words and sentences to pictures or animations in context of a specific setting to assist
comprehension [23].

Among various educational online platforms, game-based platforms are adopted for
creating interactions between teachers and students. Such game-based platforms were
found beneficial in classrooms, include helping teachers monitor students’ learning
progress, adjusting teaching speed and methods, creating teacher-student or
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student-student interactions [22], and offering student-centered learning environments
[25]. In Taiwan, game-based platforms, such as Kahoot! and Plickers, have been
proven to increase students’ motivation and satisfaction and concentration [5, 26, 27].
That is, it appears common for teachers to adopt technology in their teaching to
promote class participation and learning achievement.

2 Methodology

2.1 Research Design and Participants

Surveys were used in the study in order to investigate students’ language learning
motivation and feedback toward the use of mobile-assisted tools in English reading
courses. The study was conducted at a private five-year medical junior college in
Southern Taiwan in the spring of 2018. Students who enroll in the five-year junior
college are normally between 16 and 20 years of age. Approximately 145 students
taught by the researcher participated in the study. Participants were all English majors
with lower-intermediate to intermediate English level (CEFR A2-B1 level). By
removing the uncompleted surveys, valid samples were reduced to a total of 136
students, including 30 (22%) males and 106 (78%) females. The reading courses were
taught for 2 h a week for 16 weeks. The participants were around 16 to 19 years old,
and Chinese is their native language.

2.2 Instruments

The research designed a 31-item questions dealing with students’ experience about
using mobile-assisted technology in reading class, such as difficulty in applying the
technique or support in understanding reading material. In addition, the research
adopted 16 out of 21 questions designed by Wang [5] to find out learners’ feeling
toward teaching through such mobile-assisted technologies, with teaching interaction,
engagement, self-efficacy and degree of learning satisfaction. Participants responded to
each statement by using 5-point scale, from 1(not at all describes me) to 5 (best
describes me). The questionnaire was done in the end of the semester.

2.3 Mobile Assisted Tools

Mobile-assisted tools, including Kahoot!, Socrative and Classdojo were used mainly to
access students’ comprehension and to enhance their participation and attention on
reading through Kahoot!, Socrative and Classdojo. Kahoot! was mainly used to access
student’s comprehension by responding to multiple-choice questions, and used as
review games for less than 10 min before the end of class. Socrative was used to train
students’ thinking and creativity by collecting short answers to questions, whereas
Classdojo was used as a tool for classroom management and individual learning pro-
gress by marking students’ performance in classroom.
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2.4 Procedures

A 16-week period of teaching using mobile-assisted tools was given to literacy courses
with English-major students. In order to know the feedbacks toward the use of Mobile-
assisted tools, a self-reported survey was given to students at the end of semester. At
the first week, the teacher introduced of mobile-assisted tools used in the study. Stu-
dents were asked to preview assigned text every week, and expected to complete a set
of questions during class discussion session. The questions contain different level of
cognitive skills to check their comprehension. During discussion, all students were
expected to offer their own ideas and come out a conclusion. Then, the teacher led the
discussion for each question, and asked further questions or feedbacks toward students’
response. The choice to pick specific mobile-assisted tool could be adjusted depends on
what learning output the teacher intends to create.

3 Findings

3.1 Gender Difference of Attitudes Toward the Use of Kahoot!, Socrative
and Classdojo in Literacy Reading

Regarding to feedback about the use of Kahoot!, female students strongly agreed its
benefits than male students, especially in helping organize important information from
reading texts (p < .01, item 2). Compared to Kahoot!, female students felt less stressful
than males because they can respond to questions via Socrative by their own speed
(p < .05). In addition, females showed higher agreement than males that everyone is
required to answer questions helps them check their comprehension (p < .01, item 27).
In terms of using mobile phones in learning, the finding failed to revealed significant
difference on gender, but it showed that females seem to express greater level of
acceptance using smartphones to complete classroom tasks (item 17). Apart from
responding tools, more females agreed that Classdojo increased desires of getting
higher score through competition (p < .05, item 21) (Table 1).

Table 1. Frequency summary of student attitudes toward the use of Kahoot!, Socrative and
Classdojo in reading class

Item Gender M SD Sig.

I think Kahoot! helps me organize important information
from reading texts (item 2)

Male 4.25 .45 .000
Female 4.53 .50

I am not familiar or unfavorable using smartphone to
answer questions (item 17)

Male 2.91 1.16 .796
Female 2.23 1.31

Classdojo increases desires of getting higher score
through accumulating scores I earn in class (item 21)

Male 4.16 .38 .021
Female 4.33 .56

Compared with Kahoot!, answering questions at their
own speed using Socrative was less stressful (item 26)

Male 3.25 1.35 .039
Female 3.77 1.03

Socrative that everyone being required to answer
questions helps me check whether I understand the story
(item 27)

Male 3.41 1.08 .005
Female 4.14 .71

260 Y. Hou



3.2 Students’ Overall Attitudes Toward the Use of Mobile-Assisted Tools
in Reading Class

In terms of overall perception of using mobile-assisted tools, most students showed
positive attitudes on using mobile-assisted tools in reading courses. The finding is
interesting that females reported higher agreement and expectation in various situations
than males on learning with mobile-assisted tools. For instance, females showed more
positive perceptions than that of male students on helping them pay more attention in
lectures (p < .01, item 39), perform better learning outcomes (p < .05, item 41), build
confidences to study well in class (p < .05, item 42) and receive better scores on exams
(p < .01, item 43), understand the lectures well (p < .01, item 44), and monitor their
learning performance instantly (p < .01, item 46).

When it comes to interaction between the teacher and students, females reported
higher agreement than males on mobile-assisted tools to attract their attention in class
lectures (p < .01, item 32). Besides, both female and male students thought integration
of MALL tools into their learning made it a diverse teaching method (p < .05, item 45)
(Table 2).

Table 2. Frequency summary of student attitudes toward the use of mobile-assisted tools

Item Gender M SD Sig.

Teacher-student interaction
mobile-assisted tools attract my attention(item 32) Male 4.16 .38 .000

Female 4.36 .48
I would love to answer teacher’s questions when using
mobile-assisted tools (item 34)

Male 4.16 .38 .000
Female 4.36 .48

Learning engagement
I will pay more attention on lectures when teacher uses
mobile-assisted tools (item 39)

Male 4.16 .38 .000
Female 4.42 .49

Self-efficacy
I can perform better learning outcomes when teacher uses
mobile-assisted tools (item 41)

Male 4.25 .45 .012
Female 4.39 .49

I have confidences on learning the content well when
teacher uses mobile-assisted tools (item 42)

Male 4.25 .45 .014
Female 4.41 .49

I have confidences to get better scores on exams when
teacher uses mobile-assisted tools (item 43)

Male 4.25 .45 .001
Female 4.42 .49

Learning satisfaction
The content becomes easier to understand when teacher
uses mobile-assisted tools (item 44)

Male 4.16 .38 .000
Female 4.44 .50

The teaching method is diverse when teacher uses mobile-
assisted tools (item 45)

Male 4.25 .45 .012
Female 4.39 .49

I can monitor my learning progress instantly when teacher
uses mobile-assisted tools (item 46)

Male 4.16 .38 .000
Female 4.42 .49
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4 Discussion and Conclusion

Literacy reading involving complexity and lexical difficulty could be challenging for
English learners, and makes learner less motivated in reading [4]. Since the motivation
has always contributed to language learning [28], the study adopted three kinds of
mobile-assisted tools in reading courses to promote students’ motivation as well as
comprehension. The findings showed that females reported higher mean than males on
how mobile-assisted tools are helpful in their learning. In particular, they stated that
Kahoot! helps organizing information from reading texts, and Socrative is less stressful
than Kahoot! when responding questions at their own speed. The finding is not sur-
prising that students reported higher level of desires and attitudes toward the use of
technology in language learning. In addition, participating students, particularly female
students, embraced mobile-assisted tools in their learning for promoting teacher-student
interaction, class engagement, and self-efficacy, and this finding was supported by
Teng’s [29] and Ke’s [30] study. In Ke’s [30] study on junior high students in Taiwan,
Kahoot! was found essential to improve engagement and motivation on learning
English. Moreover, it’s not surprise that females showed positive attitudes toward
mobile-assisted tools in English learning more than male students because female
students are confirmed to be more motived than male students in learning foreign
language and obtaining better scores [11].

As for smartphone comfort level of use in learning, gender difference was not
significantly appeared. Still, female students perceived more acceptability than males
on using smartphone to answer multiple choice questions since males are often con-
sidered to have advantage in technology and engineer [18]. However, Kay’s [31] study
found gender differences disappeared in computer comfort level of use and male stu-
dents showed more positive attitudes than females on overall learning process. Though
most students perceived favorable attitudes about using Kahoot! or Socrative, some of
them reported unfamiliar or unfavorable attitudes toward using mobile phones to
respond questions. Thus, it raised concerns about anxieties suffered by mobile phone
users [32]. Students might be anxious and frustrated because of no access to the
Internet, or phone with insufficient functioned to run programs well. As studies have
proved that the benefits of Kahoot! or Socrative on learning [21, 22], such mobile-
assisted tools were used as a mean to engage students in lectures and offer students
opportunity to interact with peers. In the study, the research found the ideal time for
better learning and classroom management was about 10 min on mobile-assisted
application, and has it done as review game on the last part of lessons. Moreover, it is
suggested to invite students to design questions and use in Kahoot! platform to promote
students’ thinking and comprehension and engagement [33]. Kahoot! is beneficial for
learning because it combines several elements, including game-based competition,
music, and visual resources, that are helpful to raise attention to the concept and to
make impression to the concept. Music has been considered an effective and powerful
element that affects emotional and intellectual simulation, and then facilitates learning
and cognitive process [24]. As students are involved in learning process, they are likely
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to engage actively in learning. As for those without mobile phone or Internet access,
they were allowed to submit answers by pairs. In this way, it also created student
interaction and helped encourage shy students’ participation in sharing answers.

Technology and education are largely converging on this new technological era and
many of strategies and study have been proposed about the essential of computer in
promoting learning and the need of computer competence [34]. For students we are
facing now are so-called Z generation who stands for young age with widespread usage
of Internet [6], Internet-related activities become essential part in their daily life. Thus,
emerging educational technology into curriculum and embedding certain level of the
sense of technology are the demands and enforcements for faculty, educators, and
students.
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Abstract. An eye-tracking study examining the benefits of a proactive human-
computer-interaction has been conducted. Regarding the beneficial aspects of
knowledge transfer, the data shows a clear benefit once the system has been
enhanced by the so called electronic educational instance which tracks a user’s
gaze and thereby infers whether or not someone is actually looking at a screen
while the e-learning software is conveying its knowledge. To further show how
a physiological input might be used as a form of input, current literature of
smoothing pupillary response data is discussed and a preliminary tool is pre-
sented. Due to this, pupillary data can be used to indicate cognitive load levels
while learning and would therefore allow a proactive system to change the e-
learning program accordingly.

Keywords: Pedagogical agent � E-learning � Proactive system � Cognitive load

1 Introduction

Forms of interaction with a learning system are still mostly limited to traditional forms
of human computer interaction, like a keyboard and a mouse. Although there are a
number of new technologies available to interact with a computer system and they are
getting more affordable day by day, equipment like VR goggles, haptic interfaces or
gestures in midair are still confined to specific niches. And while there are numerous
advances in regards to how a topic is framed or in what way it is presented to the user,
the main areas of research activity in electronic learning [1] and the validation of an e-
learning application is most often limited to an analysis about the framing of given
information, the appearance of the learning system or certain elements inside the
environment (e.g. [2–4]).

But according to the media equation theory [11], humans have a tendency to
actually use and behave in front of and towards a computer system, like within a
human-to-human-interaction. Reeves and Nass tested this assumption by having par-
ticipants work with a computer and then asked them to rate the system, once on the
same system as they have previously worked with and another group on a different
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computer. This lead to the result of people being more ‘nice’ in their answers as long as
they had to give their rating on the same as they worked on.

As our previous conceptual research has shown [8], human-computer-interaction
should be able to profit from a non-verbal backchannel to the learning environment.
This would enable a learning application to take environmental information into
account. If a user is distracted or the environment is too noisy, this should be taken into
account by the learning system – leading to pausing the conveyance of information or
by offering to repeat a section, which might not have been sufficiently understood due
to outside disturbances.

With this in mind we developed an electronic educational instance [9, 10] which is
working as a plug-in component for already established applications. Due to this, the
learning application is capable of checking for the gaze of a user and determine the
focus of attention regarding the screen. Furthermore, by checking microphone levels,
the application is able to analyze the noise level of the surroundings and decide whether
or not it would be enough to just dial up the volume levels of an explanatory video- or
audio-stream or if it would be beneficial for the learning success to pause the learning
session, until the noise-level decreases.

Therefore, the system possesses an environmental-feedback-channel, leading to the
inclusion of non-verbal human-computer-interaction possibilities and thereby leading
to an interaction experience which is more closely related to a human-to-human-
interaction, as stated in the media equation theory by Reeves and Nass [11]. The system
would then be capable to analyze a situation as any real-world teacher would do and
react to user specific deviations from the learning session. This is realized by using a
common webcam and microphone, as is most of the time already built into current
notebooks and tablets. For the presented study, the camera checks for the presence of
two eyes and interprets this as being attentive towards the screen while the microphone
filters out the audio from the learning application and is focused on background noises.
As soon as one of the two criteria for pausing the application occurs, gaze away from
the screen or noise levels too high, the content on screen is paused. In order to check
for the persona effect, as discussed by Lester et al. [12], we used an SMI eye-tracker to
reliably check for the specific areas of interest by the users, specifically our own
pedagogical agent. The use of an eye-tracker in order to gain insights into user behavior
during a learning session have often been used to validate the position of certain
elements of learning applications.

One of the most commonly recorded metrics while recording eye-tracking-data is
that of a pupil dilation. As Rosch and Vogel-Walcutt states [5], there appears to be a
link between the size of a pupil and the current cognitive load level of a subject. Based
on the research of Mathot et al. [6, 7], their algorithm for the extrapolation of cognitive
load based pupil dilation was used to re-analyze the data of our study with 139
participants. Building on our earlier publications [8–10] we are going to report the
results of the cognitive load levels while learning with our enhanced learning system.
In theory, once being able to apply this calculation in real-time, which it is currently
not, this could function as a third non-verbal feedback channel, enabling the system to
check in real-time whether or not the current form of presentation is suitable for the
individual learner. So, in theory, this would allow for the system, for example, to
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switch to another, more time consuming and more detail-oriented form of explanatory
knowledge conveyance.

2 Eye-Tracking Study Regarding Pedagogical Agents

In order to test for this possibility of a cognitive load feedback channel, we re-
examined data from a previous experiment about knowledge of the Dreamweaver
software, during which we recorded the eye tracking data to check for the ‘did-they-or-
did-they-not’ focus attention towards the pedagogical agent. In addition, we used this
to test for the persona effect [12] by Lester et al., which should lead to a higher learning
success as soon as there is a depicted agent visible on the screen. Four groups were
tested (see Table 1 and Fig. 2).

The data is based on N = 74 undergraduate students from a study conducted in 2014
[13]. Participants were asked to take part in a second-task wizard-of-oz-experiment
during which the proactive system of the EEI (see Fig. 1) would stop the e-learning
software whenever the study participants were distracted by the second task. Once the
training was completed, the volunteers had to apply their gained knowledge during a
practical task session.

During the learning part of the study, we recorded the eye tracking data and during
the apply knowledge phase of the study, we recorded whether or not the participants
chose were able to apply their gained knowledge correctly or incorrectly and we
recorded the mouse-track-distance in pixels, number of mouse clicks as well as the time
until the subjects ended the experiment. In addition, participants took part in a multiple-

Table 1. Experimental groups

Group 1 Depicted agent, with proactivity
Group 2 Depicted agent, without proactivity
Group 3 Audio-only agent, with proactivity
Group 4 Audio-only agent, without proactivity

Fig. 1. The Electronic Educational Instance [9, 10] (EEI)

268 M. Müller-Wuttke and N. H. Müller



choice questionnaire regarding their previous knowledge about the Dreamweaver
software as well as a learning success test once the experiment was completed.

When checked with a Kruskal-Wallis test, the data shows a significant group
difference regarding the AOI (Area-of-Interest) of the pedagogical agent (HAgent(3)
= 41.74, p < .001), but not regarding both the other, much bigger, AOIs regarding the
learning material or the white space, meaning everything else on the screen
(HLerningMaterial(3) = 3.46; HWhiteSpace(3) = 2.83). In addition, we checked with a
Mann-Whitney test whether or not the two groups with a depicted agent showed a
difference regarding their fixations towards the pedagogical agent, but they showed
none (U = 93, r = −.31). Meaning, both groups with a depicted pedagogical agent did
actually look at the agent while the groups with a blank space at the position of the
agent did not.

Interestingly enough, the results (see Table 2) showed a significant group difference
regarding the correct solution of the applied knowledge task (HSolution(3) = 9.55,
p < .05) but not regarding the mouse track or the time until completion
(HMousePath(3) = 1.17; HTime(3) = 5.44; HClicks(3) = .77).

Fig. 2. Learning material and the group variations regarding the pedagogical agent [14]

Table 2. Overview regarding mousepath, time, clicks and correct/incorrect solution [13]

Mousepath Time Clicks Correct Wrong

Group 1 93917,34 00:07:32 120,43 16 5
Group 2 103404,83 00:08:54 116,7 9 11
Group 3 99358,96 00:06:28 116,7 18 2
Group 4 101946,50 00:07:34 124,8 11 9
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It can be deduced that the two groups 1 and 3 (group 1 with the depicted agent and
proactivity components activated, group 3 without a depicted agent, audio only, but
proactive behavior as well) showed the best learning performance with the proactive
behavior. In a comparison of these two groups, group 3, with no depicted agent, but
with proactive behavior, appears at first sight to be the best group result. However, a
Mann-Whitney test shows no significant differences between the two groups 1 (de-
picted and proactive) and 3 (audio only and proactive).

Therefore, it can be confirmed that the proactive system component has had an
essential influence on the learning success and the ability to apply knowledge in
practice. Also, as shown for example by Louwerse et al. [15], it could be confirmed that
subjects with a visualized pedagogical agent also fixated them in their field of vision.

The results concerning the mouse distance, time and the number of clicks seem to
be interesting in that they do not statistically show a group difference. A purely
descriptive analysis of the data (see Table 2) shows that the respective peer groups
were faster in terms of proactivity (1, agent with proactivity, and 2, agent without
proactivity, as well as 3, audio only with proactivity, and 4, audio only without
proactivity), insofar as the system acted proactively. However, this was not done to a
statistically significant extent. Accordingly, statistically speaking, all groups had an
equal period of time, which is why a similar pixel-track was searched for clues to the
solution and a comparable number of clicks were used to bring about a solution. In the
case of non-proactive groups, however, this was more likely to be unsuccessful,
although the groups without a proactive component also had correct solutions to the
practical task.

An in-depth examination of the knowledge difference in the pre- and post-test with
regard to the depiction of the agent reveals no significant group difference in the
previous knowledge test when distinguishing between group 1 and group 2
(UPreTestKnowledge = 183, p = .668) but during the post knowledge test (UPostTestKnowledge

= 127, p < .05). Meaning, since both groups have a depicted agent, but group 2 does not
have the proactive component, this shows that it is not the agent that is responsible for
the knowledge gain but rather an information transfer based on the proactive compo-
nent. Accordingly, there should be no significant differences between the two proactivity
groups 1 and 3, confirmed by the following results (UPreTestKnowledge = 145, p = .082;
UPostTestKnowledge = 174, p = .254).

As a result of the study’s knowledge test before the experiment, it can be concluded
that the basic knowledge of HTML code, its components and the knowledge about the
function and operation of the Dreamweaver software, can be considered negligible,
since currently web content is mainly used by content management systems or as
service software offered by aggregators. Knowing the background of CSS layouts and
tags is no longer necessary for the active distribution of content online, which is why it
could be expected that this knowledge was not to be found during the pre-experiment
knowledge test. Having it established at the end of the experiment speaks to the
effectiveness of the original e-learning tool (see Fig. 3).
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3 The Cognitive Load Analysis

In the context of information acquisition, cognitive capacity is of essential importance
and also of interest in the context of pedagogical agent research [25]. Starting point in
the considerations on the cognitive load theory [23] is that the working memory, which
plays an essential role in the acquisition of knowledge, is limited. In order to avoid
cognitive overload when learning or linking new information, it is necessary that
learning materials are prepared by an appropriate design. Sweller [23] identifies in this
context three different forms of cognitive load in the learning process, which can be
added to a continuum of the available cognitive capacity resources.

The intrinsic cognitive load is conditioned by the learning material or the
complexity/difficulty of the matter to be taught. This can be broken down into suitable
information units by segmentation or by a suitable form of instruction design [26].
However, this only influences the amount of the knowledge itself, as each learning
material has an intrinsic complexity that can not be further reduced. Insofar as it is
accordingly necessary that different areas of knowledge must be understood simulta-
neously in order to enable further conclusions, this can only be achieved by segmenting
the necessary elements of prior knowledge.

The extraneous cognitive load is considered as the part necessary for the under-
standing of the presentation or design of the learning material. The previous section on
intrinsic cognitive load addressed the possibility of segmentation. For example, if such
a didactic presentation of the subject matter is missing, or if crucial foundations have
been disregarded in the design of learning environments [26], the learner needs a great
deal of effort to acquire the knowledge. In this context, it could be assumed that the

Fig. 3. Knowledge before (left bars) and after the experiment (right bars) of the four groups
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presentation of a pedagogical agent and its activities could place an additional burden
on the cognitive system. The study by Schroeder et al. [27] suggests, however, that
even in this case, the learning support of the agent outweighs.

The germane cognitive load results from the two aforementioned load categories.
Sweller [23] describes this as the total available cognitive capacities that can be used to
understand the subject matter, for processing, schema formation or automation.

Therefore, the cognitive load is a multi-dimensional construct that represents the
activity of the cognitive system in performing a task. With regard to the automatic
analysis, this system is differentiated by [16] into three parts: mental load, mental effort
and performance. Following [17] mental load is the performance required to solve a
given task while mental effort defines the actually invested power. The performance,
after completion of a task, describes error rate and speed. This theory is based on the
fact that there are only limited resources available for the execution of a task and that
these are used up to the degree of difficulty [18]. This utilization of cognitive resources
can be measured by various available techniques.

In order to be able to evaluate the pupillary reflex, there are methods to measure the
size of the pupil, which are summarized under the term pupillometry. Thereby the size
of the pupil is measured by means of imaging techniques. Usually the eye is illumi-
nated by IR light and the movement is recorded by measuring the angular difference
between the center of the pupil and the IR reflection spot on the eye. So, by measuring
the eye-movements, the pupil size is a by-product.

For this reason, a contact-free gaze-measuring device is used in the present
experimental setup, which uses infrared lamps to image a so-called Purkinje reflection
[19] on the cornea. This measurement method is suitable for media psychology
research practice through the non-contact configuration [20].

Therefore, we used an infrared-based eye movement apparatus from SMI for the
implementation of the study [21]. The infrared illumination and the camera for eye
movement detection are mounted by a bracket below a 21” wide-screen display and we
measured the infrared reflection on the cornea and the distance to the pupil center (see
Fig. 4). Although regarding this specific article, we only focused on the dilation
measurements of the pupil during the learning phase of the experiment, regardless of
the fixation or saccade of the eye itself.

Possibly the main challenge by analyzing pupillary reactions in order to infer
cognitive load, is the problem of rapid pupillary dilations, blinks and other artifacts
from differences in lighting. Therefore, pupillary response data has to be smoothed over
time in order to be able to find relevant differences and to be able to identify actual
increases or decreases in cognitive load. We chose the procedure described in [6, 7] in
order to smoothen the data-set and implemented them into a prototypical software. By
using maximum and minimum pupil-dilation diameters, we normalized the single-user
data into a spectrum of 0 to 1. Future iterations of the software will also include a z-
transformation to allow for a comparison of different user data.

272 M. Müller-Wuttke and N. H. Müller



4 Cognitive Load Data

Using the aforementioned method, we smoothed the pupillary responses of our sub-
jects. Looking at the data, there are still numerous variances visible in the data stream
(see Fig. 5).

Interestingly enough, the first two streams seem to be running pretty much in
unison, while the third shows variations. Nevertheless, since the lighting was kept
constant during the trial, the smoothed data is free of artifacts like blinks or lost

Fig. 4. IR reflection on an eye with the measured pupil-diameter
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pupillary tracking, Therefore, we are now able to gain an insight into the cognitive load
while users are interacting with the learning system.

Our next steps will be to overlay the data stream onto the recorded videos of the
experiment and to check where during the knowledge conveyance peaks in the
pupillary response are visible. In addition, we are going to collate the area of interests
(pedagogical agent, learning material and white-space) with the cognitive load data in
order to get a better understanding of how different aspects of the learning environment
might influence the cognitive load in general. Maybe this could lead to a better
understanding of the relationship between intrinsic, extraneous and germane cognitive
load [22–24].

The proactive EEI (see Fig. 1) could now use this data in real-time to analyze the
cognitive load levels and change the mode of knowledge presentation, if and when it
should be necessary. For example, when looking at the data, there seems to be a very
low level of pupillary dilation at around the 4 min mark of the e-learning program.
While on the other hand there appears to be a very demanding task at around the
10 min mark.

5 Conclusion

We presented a study utilizing eye-tracking data while our participants learned with a
tried and tested e-learning software. Our goal was to enhance the knowledge con-
veyance by adding an Electronic Educational Instance (EEI) which enables the tradi-
tional e-learning software to behave proactively to changes of the user’s behavior in
front of the screen or the environmental surroundings. While cognitive load was never
the focus of the study itself, we utilized the eye tracking data regarding the recorded
pupillary responses during the experiment. Following the state of the art, we imple-
mented an algorithm to smooth the data stream which effectively eliminated noise,
artifacts and especially blinks from the recording.

As the study was able to show, a proactive e-learning system is capable of ensuring
a successful knowledge transfer. But while this establishes a reaction by the e-learning
software to stop and pause while either attendance is not focused on the screen or noise
levels in the surrounding environment were too loud, the cognitive load data allows for
much more varied actions while learning.

Future iterations of the proactive e-learning might now benefit from an imple-
mented real-time cognitive load capable EEI by:

• Suggesting a pause by the learner after a phase of high cognitive load
• Choosing another form of knowledge conveyance in relation to the load level, e.g. a

schematic picture for beginners while a textual description could be sufficient for
experts

• Explanation of a certain topic with multiple examples
• Adapting the learning-success-test to the obviously harder to learn topics.

The next iteration of our cognitive load module for the EEI will be tested regarding
these and other aspects of possible beneficial actions while learning in conjunction with
the cognitive load level.
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Abstract. To detect phishing mails, various strategies based on a reliable
cryptography-based security framework exist. Nevertheless, the user themselves
still provide a greater opportunity for phishing attacks. Therefore, it is crucial to
understand how the user deals with phishing mails when confronted with them.
This study limits itself to visual stimuli of phishing mails and therefore uses an
eye-tracking procedure to determine the gaze behavior. Twenty-one different
mails were used for this experiment, of which fourteen were phishing mails. The
task of the users was to decide whether it was a phishing mail or a real mail. For
the evaluation, the individual mails were provided with Areas of Interest (AOIs).
This is similar to the usual components of a mail that would be attachment,
body, footer, header and signature. Thereafter, three artificial groups were
formed. There was one group with a low score of correct answers, one with a
middle score and one with a high score. These three groups were then compared
and showed differences in processing time. This led to the assumption that
knowledge and time are two important factors in recognizing phishing mails.

Keywords: Phishing � Awareness � Security � Eye-tracking � Human factors

1 Introduction

In the course of digitization, information technologies play a crucial role. Accordingly,
information security in companies is particularly important. New digital business
processes are creating new challenges, such as an increased demand for information
security awareness. Security awareness has established itself as a separate research area
within information security. It targets the human factor and wants to convey an
information security-compliant behavior to IT users.

Said so, employees play a crucial role as attackers target the human factor with
techniques such as phishing, malware, and social engineering [1]. For any attacker, it is
easier to learn a password from an employee than to hack it through a compute-intense
brute-force attack. In the case of phishing, the majority of enterprises even face attacks
on a daily basis [2]. This suggests that the effectiveness of security is highly dependent
on the behavior of employees at the workplace because they have a big influence on the
confidentiality, integrity and availability of sensitive corporate information.

© Springer Nature Switzerland AG 2019
P. Zaphiris and A. Ioannou (Eds.): HCII 2019, LNCS 11590, pp. 277–287, 2019.
https://doi.org/10.1007/978-3-030-21814-0_21

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-21814-0_21&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-21814-0_21&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-21814-0_21&amp;domain=pdf
https://doi.org/10.1007/978-3-030-21814-0_21


According to the FBI’s 2017 Internet Crime Report [3] Business email compromise
scams cost organizations $676 million in 2017. If one also counts the private attacks,
the victim losses exceeded $1.4 billion in 2017. To this day, mail is a main source for
malware.

Therefore, many attempts have been made to use machine learning to classify
incoming emails as phishing mails [4–6]. One possible solution for phishing mails or
websites is to blacklist them [7, 8]. Users are warned directly from their web browser or
their mailing services should a URL be on the blacklist. There are also other technical
solutions such as whitelists and spam filters. Nevertheless, there is a big problem.
These technical solutions are not always sufficient to provide full protection. Often-
times there is a small amount of time in which technical solutions are not yet
responding, and in that time the user is on his own. Therefore, the user needs own
knowledge and skills to prevent becoming a victim of a phishing attack. Unfortunately,
most users are lacking this knowledge to detect such attacks, and there is a lack of
awareness that such attacks even exist and therefore warnings are often ignored [9].

Therefore, this study aims to examine how users try to distinguish phishing mails
from real mails, by using an eye-tracking method. Of special interest are those phishing
mails that are perceived only with great difficulty or not at all as such.

This paper is organized as follows. Section 2 presents related work and gives an
overview of the term phishing and in the process, applied attack strategies are discussed
in more detail. Section 3 introduces the datasets that are used in this study as well as the
metrics that we will use in order to examine the eye-tracking data. Section 4 shows the
eye-tracking results of what users care about most about mails, when trying to identify
them. In Sect. 5 a discussion about the results of the study will be conducted, where
also the own limitations will be discussed. We conclude in Sect. 6.

2 Related Works

In this part of the study, the term phishing should be explained exactly. Furthermore,
phishing attack strategies should be presented.

2.1 Phishing

A phishing attack is a combination of “social engineering” and technical manipulation
methods to convince Internet users to receive sensitive information of their own to give
away [10].

Mostly these are web pages or e-mails that have the goal to get the users sensitive
data such as username and the associated password. With this data, the attacker can
then make money, for example, by logging in to the online bank account of the user
and transferring money [10]. Most of the time a phishing mail is modeled to closely
resemble an original mail. In this phishing mail, the user is usually asked to update or
change user data. The phishing mail contains a link that leads to a phishing page.
Again, a custom website that is very similar to the original website, so users will not
suspect foul play and feel safe. This phishing site usually uses the original design, as
well as any logos. Personal information such as credit card details, social security
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number, PayPal username and password and the like are then asked to be entered on the
phishing page. Once the user clicks on a confirm-button, their data will be sent to a
hostile server, on which the attacker saves the data in order to use it.

In terms of social engineering aspects, it is important to note that most phishing
mails try to intimidate the user, create fear and build up time pressure to access their
data. An example is “we need you to confirm your account details or we must shut your
account down” [11]. This suggests that time is a very relevant factor why phishing
mails are efficient.

2.2 Phishing Attack Strategies

In a study from Dhamija, Tygar, and Hearst [12], various attack strategies were col-
lected and then hypothesized how lay users respond to these attack strategies. Three
factors were described that are used by the attacker: 1. Lack of knowledge about
computer and security systems, 2. Visual illusion with fake pictures, texts and input
windows and 3. Lack of attention and low awareness of security indicators. These will
be described in more detail below.

(1) Lack of Knowledge: One problem is that only a few users can identify enough
indicators to recognize secure web pages. Many have problems to interpret them
correctly. For example, initial Internet users rarely know that a web page is
secured with SSL encryption when the icon of a closed padlock appears in the
browser bar. Another problem are SSL certificates. Few know how to verify them
or understand the content properly.

(2) Visual Deception: Another pervasive method of attacking is the interchanging of
individual resembling letters in the domain name. For example, at the domain
www.paypal.com the lower case letter “l” could be exchanged with the number
“1” (www.paypa1.com) or the capital letter “I” (www.paypaI.com). Only by an
increased attention, users have the chance to recognize such a fake link. Some
attackers also use images of hyperlinks that lead to a fake website that looks
confusingly similar to the originals.

(3) Bounded Attention: Another major problem is that protection against attacks on
internet users is often a secondary goal for them. If the user is too absorbed in his
work, alerts or their absence can quickly go unnoticed. Even users who actually
know that they have to pay attention to encryption symbols are often deceived,
because they pay attention to them but do not pay close attention to their position.
Some attackers deliberately place visual security warnings on their websites,
which users interpret as genuine.

Therefore, this is a fight between phishers and anti-phishing around the interface.
The attacker’s goal is to present a victim a credible website, so that any security risks
are ignored [12].

This study focuses on the point of visual deception and attempts to find out which
features users utilize for their decision making process and in what time they apply
them.
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3 Methods

In the empirical part of this paper, an eye-tracking experiment will be used to inves-
tigate on what basis users make a decision about whether they are confronted with a
phishing mail or a real mail.

For the evaluation, we built areas of interests (AOIs) within the mails. AOIs are a
tool to select specific areas of a visible stimulus, and to extract metrics specifically for
those areas. An AOI itself is not a standalone metric, but defines the scope in which
other metrics are calculated. The metrics are the time to first fixation (TTFF), which
indicates the amount of time that takes respondents to look at a specific AOI from
stimulus onset. The time spent, which quantifies the amount of time that respondents
have spent looking at a particular AOI. The ratio, which provides information about
how many of your respondents, actually guided their gaze towards a specific AOI. The
sheer number of fixations in a given AOI and the revisits, which provides information
about how many times participants, returned their gaze to a particular spot, defined by
an AOI.

3.1 Participants

All data were collected in a laboratory at the University of Applied Sciences Würzburg-
Schweinfurt and the subjects were taken directly from there. It involves both technical
staff, scientific staff and students of computer science and e-commerce. 25 people
participated in the study, but three of them had to be excluded from the final analysis
due to poor gaze sampling. Thus, 22 records remained for the final analysis. Of these
22 valid records, three were female subjects. In total, the 22 valid records consist of 5
subjects from the technical staff, 7 subjects from the scientific staff and 10 subjects
were students.

3.2 Materials and Measuring Instruments

During the work process, the subjects wear eye-tracking glasses. These glasses are the
Tobii Pro Glasses 2. It consists of a head unit with a head strap and a recording unit.
The glasses are able to record with a measurement frequency up to 100 Hz. The high
definition scene camera captures a Full HD video of what is in front of the participant
and the eye tracking sensors records eye orientation e.g. the direction of the eye gaze.

Overall, subjects had to identify 21 different mails. 14 of them were phishing mails
and 7 were real mails. The mails were divided into the following AOIs: header,
attachment, body, signature and footer. Not every mail could have all AOIs. However,
a test mail always consisted of at least two of the created AOIs.

3.3 Procedure

First, the subjects were welcomed and got a detailed guide to further action. After-
wards, the subjects were put on the eye-tracking glasses. Then the eye-tracker was
calibrated. After a successful calibration, the subjects were referred to a link on the
desktop of the computer. By pressing on the link, they got to a survey. Here again there
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was an instruction about the further course of the study. If the subjects had no more
questions, the test started. After a few demographic questions were collected, the actual
test began.

During the test, the subjects were shown test mails. The task of the subjects was to
decide whether the mail shown was a phishing mail or a real mail. If the subjects were
very uncertain, they also could answer with no answer. This was done trying to exclude
any guessing.

4 Results

The results are divided into the descriptive results and Visualizations and the univariate
ANOVA. The descriptive results are first presented with all the key figures for the
AOIs, while the univariate ANOVA are used to determine the correlations between the
AOI total fixation duration of the single AOIs and the group affiliation. Group affili-
ation means that the subjects were artificially divided into one of three groups based on
their test result. There is the group 1 - novice, which reached 0–9 points from 21, then
there is the group 2 intermediate, which reached 10–14 points, and lastly the group 3 -
experts, which reached 15–21 points.

4.1 Descriptive Results and Visualization

The following Table 1 gives a summary of the AOI total fixation duration for each
mail.

Table 1. AOI total fixation duration

Header Attachment Body Signature Footer

mail001 5,63 18,14 7,05
mail002 4,1 5,11 8,76 3,12
mail003 6,52 12,24 2,64
mail004 6,44 18,7 2,35 3,83
mail005 4,27 17,51 0,76 2,02
mail006 4,23 10,37 0,73 0,69
mail007 3,28 16,13 1,84
mail008 2,96 0,83 6,16 0,83
mail009 3,63 16,39
mail010 2,26 9,04 1,05
mail011 2,52 10,6 1,66
mail012 4,22 15,45 1,08 1,55
mail013 3,27 16,43 1,67 0,66
mail014 2,62 24,45 0,83 2,02
mail015 2,11 16,22 0,95 2,35
mail016 9,28 0,5

(continued)
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It is shown that the subjects spend most of their time with the body of the mail.
After that, the header got the most attention. If an attachment was present, this was
followed in third place. The footer, as well as the signature received on average rather
less attention.

The same results can be seen in the AOI fixation count, the AOI total visit duration
and the AOI visit count. Furthermore, this becomes recognizable if ones considers the
heat maps of the single mails (see Fig. 1).

The Table of the AOI time to first fixation showed that most subjects started at the
body or the header and then processed the mail consistently from top to bottom. After
one pass, however, it was possible to jump or repeat. This can also be seen in an
exemplary gaze plot (see Fig. 2).

Fig. 1. Presentation of a heat map on an exemplary mail.

Table 1. (continued)

Header Attachment Body Signature Footer

mail017 20,3 7,77 0,43
mail018 2,57 1,64 13,02
mail019 3,34 5,34
mail020 2,61 7,47 0,9
mail021 2,97 10,07 0,87 0,89
Average 4,49 2,53 12,84 1,43 1,90
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Therefore, it can be stated once more, that most of the subjects focus their attention
towards the body and header of a mail and try to find out whether this is a phishing mail
or not. If there is an attachment, this is also attributed a great importance. The signature
as well as the footer of the message tend to be neglected.

Table 2 gives a further overview of the distribution of AOI total fixation duration
within the three groups.

This shows that group 3 - experts are paying more attention to the attachment and
especially towards the header areas than the other two groups. In addition, on average
group 3 - experts needed the least amount of time to process. The biggest difference
between group 1 – novice and group 2 – intermediate seems to be the total time. Where
the group 2 - intermediate has consumed a little more time in the processing. The next
step is to see if these differences are statistically significant.

Fig. 2. Presentation of a gaze plot on an exemplary mail

Table 2. Overview of AOI total fixation duration

Attachment Body Footer Header Signature Sum

Group 1 Average 2,01 11,91 1,50 2,58 1,27 19,27
Group 1% 10,43% 61,77% 7,81% 13,41% 6,59% 100%
Group 2 Average 3,04 16,04 2,47 4,11 1,91 23,10
Group 2% 11,03% 58,19% 8,94% 14,91% 6,92% 100%
Group 3 Average 2,14 8,09 1,27 3,76 0,84 16,10
Group 3% 13,27% 50,23% 7,91% 23,35% 5,24% 100%
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4.2 Univariate ANOVA

The measurements taken are independent measurements, as all participants were only
collected once, so that only one participant is in one group. Furthermore, the dependent
variables (AOI attachment, AOI body, AOI footer, AOI header, AOI signature and
summed average time) are an interval-scaled variable, since these are in all cases time
measurements. In addition, the independent variable (group 1 - novice, group 2 -
intermediate and group 3 - experts) is an artificially categorically created variable and is
therefore nominally scaled. Group 1 - novice has N = 6, group 2 intermediate has
N = 9 and group 3 - experts has N = 5.

The dependent variables were tested for their normal distribution.
AOI attachment was normally distributed for group 1 - novice and for group 3 -

experts, but not group 2 - intermediate, as assessed by the Shapiro-Wilk test
(alpha = .05).

AOI body was normally distributed for all three groups, as assessed by the Shapiro-
Wilk test (alpha = .05).

AOI footer was normally distributed for all three groups, as assessed by the
Shapiro-Wilk test (alpha = .05).

AOI header was normally distributed for group 1 - novice and for group 3 - experts,
but not group 2 - intermediate, as assessed by the Shapiro-Wilk test (alpha = .05).

AOI signature is normally distributed for group 1 - novice and for group 2 -
intermediate, but not for group 3 - experts, as assessed by the Shapiro Wilk test
(alpha = .05).

The sum of average time was normally distributed for all three groups, as assessed
by the Shapiro-Wilk test (alpha = .05).

Although the normal distribution assumption was partially violated at this point, a
parametric test should nevertheless be used, as we assume that the one-factorial
ANOVA is relatively robust to violations of the normal distribution. Extreme outlier
values are only for the AOI attachment, but they should not be removed for further
calculations.

Homogeneity of variances was asserted for all dependent variables using Levene’s
test, which showed that equal variances could be assumed.

We then conducted a one-way ANOVA to assess the effects of AOI total time
fixation within every single AOI on the group affiliation based on the test points. The
following Table 3. Gives a complete overview over the univariate ANOVA.

TheAOIBody differed statistically significant for group affiliation, F (2, 17) = 5,971,
p < .05.

The AOI Signature differs statistically significant for group affiliation, F (2, 17) = 6.998,
p < .01.

The sum of average time difference statistically significant for group affiliation,
F (2, 17) = 5.546, p < .05.

For the other variables, no statistically significant difference could be determined.
Therefore, the Tukey post-hoc analysis will not be discussed here.
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5 Discussion

This study illustrates that even in the best-case scenario, when users expect phishing
mails to be present and are motivated to discover them, many users cannot distinguish a
legitimate mail from a phishing mail. In our study, the best phishing mail was able to
fool 40% of participants. All of which had a technical background knowledge as being
either staff member of the university or students of computer sciences.

The results have shown that subjects mainly look at the body and the header of an
e-mail. This sounds logical considering that the body of the mail contains most of the

Table 3. The univariate ANOVA

Einfaktorielle ANOVA
Quadratsumme df Mittel der

Quadrate
F Signifikanz

Attachment Zwischen den
Gruppen

1,118 2 ,559 ,095 ,910

Innerhalb der
Gruppen

99,846 17 5,873

Gesamt 100,963 19
Body Zwischen den

Gruppen
222,980 2 111,490 5,971 ,011

Innerhalb der
Gruppen

317,437 17 18,673

Gesamt 540,417 19
Footer Zwischen den

Gruppen
6,626 2 3,313 3,281 ,062

Innerhalb der
Gruppen

17,163 17 1,010

Gesamt 23,789 19
Header Zwischen den

Gruppen
6,224 2 3,112 ,901 ,425

Innerhalb der
Gruppen

58,696 17 3,453

Gesaml 64,920 19
Signature Zwischen den

Gruppen
6,070 2 3,035 6,998 ,006

Innerhalb der
Gruppen

7,374 17 ,434

Gesamt 13,444 19
SumAvgTime Zwischen den

Gruppen
381,063 2 190,531 5,546 ,014

Innerhalb der
Gruppen

583,997 17 34,353

Gesamt 965,059 19
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text or content of the mail and that the header is a good source to detect phishing mails.
However, statistically significant differences between the groups were found only in the
AOI body, AOI signature and the summed average time. A closer look reveals this in
group 3 - experts received the highest scores, but needed least time for it. Apparently,
these users already have a great deal of knowledge in dealing with phishing mails.
Therefore, the factor knowledge was crucial to solve the tasks. On the other hand, it
seems that non-experts will benefit from allowing more time to process mails. If one
compares the summed average time of group 1 - novice and group 2 - intermediate,
then the summed average time was a noticeable difference. This leads to the assumption
that the processing time for non-experts is an important factor.

Thus, the two most important factors that help users recognize phishing mails are
the knowledge about phishing mails and the processing time. Therefore, users should at
best become experts or encourage them to spend more time processing mails.

5.1 Limitations

This study has some limitations. First of all, the sample should be mentioned, as it is all
about employees or students at the University of Applied Sciences Würzburg-
Schweinfurt. Thus, it is not assumable that this sample is also transferable to a larger
population.

Another limitation is the setting itself. The subjects were explicitly told that there
are phishing mails and real mails and they should make a decision. Better would be a
test in that the subjects just have to process mails as a secondary task. In this setting,
you could sprinkle phishing mails repeatedly and look at which users would give out
the data. In addition, it could be tested how pressure and anxiety in the context of social
engineering affect users in the management of work.

A third limitation is that in this test all mails were classified into AOI areas.
A useful modification of this could be to form AOIs only where phishing mails can also
be detected and to check whether users perceive these explicit recognition features and
how long it takes them to find these features.

6 Conclusion

The results suggest that users especially need a better understanding of phishingmails and
making this understandingmore intuitively to naïve users. No automated systemwill ever
be foolproof. Therefore, the user always remains a weakness, which the phisher is trying
to exploit. As mentioned, the best phishing mail was able to fool 40% of participants. It is
therefore never sufficient to rely solely on traditional cryptography-based security
frameworks, instead, a training program is important that the user heavily involves.
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Abstract. Although recent research works have highlighted and demonstrated
the applicability of the activity and behavioral pattern analysis mechanisms in
offering early windows of opportunities in the assessment and intervention for
individuals with autism spectrum disorder (ASD), the computational cost and
sophistication of such behavioral modeling systems might prevent these auto-
matic and semi-automatic systems from deploying, which might in turn restrict
its actual use. As such, in this paper, we proposed an easily deployable auto-
matic system to train joint attention (JA) skills, characterizing and evaluating JA
and reciprocity patterns (i.e. the frequency and degree of reciprocity, initiating
and responding to JA bids). Our proposed approach is different from most of
earlier attempts in that we do not capitalize the sophisticated feature-space
construction methodology; instead, the simple designs and in-game automatic
data collection offers hassle-free benefits for such individuals as special edu-
cation teachers and parents to use in both classrooms and at homes.

Keywords: Joint attention skills � Children � Pattern � Autism �
Behavioral modeling � Puzzle � Training application

1 Introduction

Imagine John, a four-year-old boy and his mother, Alice, are eating at a local
McDonalds when John points to the ketchup on the table (referred to as initiating joint
attention bids, IJA) while looking at Alice, and saying “here is the ketchup”. In
responding to John’s initiation, Alice looks at the ketchup and then back at John
uttering “oh, yes, ketchup” (referred to as responding to joint attention bids, RJA). The
eye shifting behaviors that Alice engaged between the ketchup and John are also
included in such daily social interaction.

IJA and RJA are two key aspects of joint attention (JA) which must occur in social
interaction [1]. It is regarded as the executive form of information processing from
early in infancy through adulthood: it is predictive of later language development
[2–4], theory of mind abilities [5] and social communicative skills [6]. Raver’s study
on the social interaction between typically developing (TD) toddlers and their mothers
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revealed the link between JA and emotion regulation [7]. It is notably known that
children with autism spectrum disorder (ASD) often exhibit atypical JA behaviors [8].
Specifically, they engage in fewer joint attention behaviors, including eye-gaze shifting
[9], initiating and responding to joint attention bids [10], etc. Due to its criticality and
motivated by the following two facts, we proposed the present study:

• The ecological validity of an intervention

As White et al. argued that “Joint attention behaviors may vary across ethnicity,
language, family structure, or socioeconomic status, and currently there is no assess-
ment of how those vary” (pp. 1293 [11]); hence, there is a necessity of assessing (and
charactering) such skills in a Chinese special education classroom.

• Current assessment protocols are more inclined to focus on the more abstract and
higher-level social skills where JA skills precede.

For example, mutual planning and joint performance in [12], turn-taking and
negotiating in [13]. In our present study, the evaluation is measure in the context of the
tasks—puzzle-making in a loosely coupled collaborative play environment to engage
children with ASD so as to minimize their cognitive loads without enforced collabo-
ration (EC) [14].

Our proposed approach presented in this paper is different from most of earlier
attempts in that we do not capitalize the sophisticated feature-space construction
methodology; instead, the simple designs and in-game automatic data collection offers
hassle-free benefits for such individuals as special education teachers and parents to use
in both classrooms and at homes.

The organization of this paper is as follows. In Sect. 2, relevant research will be
presented; followed by the detailed descriptions of our training application including
the defined IJA and RJA bids which can be utilized for behavioral pattern recognition.
In Sect. 3, we will show the detailed in-game pattern analysis module. Section 4
includes a pilot testing in the lab with two typically developing (TD) adults for eval-
uating the feasibility of our behavioral pattern modeling module. We conclude our
paper in Sect. 5 with discussions on our future research along this avenue.

2 Previous Works

Two indirect lines of past research are relevant to our present study.

2.1 IJA, RJA and Best Practices in Teaching JA Skills

Aligning with the two JA bids, Whalen and Schreibman [15] documented two phases
of joint attention intervention in a non-computerized setting which has prevailed in
such intervention: initiation and response training. The former includes coordinated
gaze shifting and pro-declarative pointing. The latter sponsors five levels of responses
as “response to hand on object”, “response to showing of object”, “eye contact”,
“response to object being tapped”, “following a point”, and “following a gaze”. In
addition, physical (i.e. touching a child’s hand to remind), verbal (utterances such as
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“you can drag the puzzle to here”) and gestural prompts were adopted to further assist
children to engage with others during the response training phase [15]. Both IJA and
RJA behaviors to JA bids had also been studied in a parent-child intervention setting
(i.e. Parent-Mediated Communication-Focused Treatment in Children with Autism
(PACT) [16]) and caregiver or parent mediated behavioral intervention (i.e. Joint
Attention-Mediated Learning (JAML) [17, 18]).

Over the past years, computerized JA training applications have emerged, and
many of them had been deployed in a collaborative play environment in a tabletop
which allows larger space to afford joint performance [12–14, 19–22]. The majority of
these earlier systems engage children in a tightly coupled collaborative play environ-
ment where only one work-space is deployed [1, 13, 19–22] except for [14] which does
not enforce collaboration by providing private workspace for each child. These earlier
works investigated the feasibility, usability and usefulness of the play environment in
training JA skills, while the present study focuses on the automated pattern and data
analysis to facilitate personalized training and intervention.

2.2 Behavioral Modeling and Pattern Analysis for Technology-Based
ASD Intervention and Training

Users’ interaction and engagement in a virtual and physical space (including in a
computerized application space) offers rich information on profiling and modeling the
users in user-centered computing. In the pattern recognition and computer vision area,
activity and behavioral analysis based on multimodal data has been much studied for a
long time (for example among many references, [23–26]). The majority of these prior
works focus on the recognition of single user activities and behaviors which often
spans a considerable temporal duration. Recently, many works had focused on char-
acterizing group activities at a coarse level [27–31, 34].

Among them, [28, 29, 31–33] targeted at children with ASD. For example, Chong
et al. [28] attempted to measure and predict eye contact of infant with ASD via eye-
gaze tracking during interaction sessions with the examiner who wears a pair of
commercially-available glasses to capture infants’ face and head poses; such automatic
system is beneficial and efficient to characterize atypical gaze behavior involving
children with ASD in natural social settings. Anzulewicz et al. [29] focused on
obtaining gesture data during ASD children’s (touch-sensitive) tablet gameplay ses-
sions; the unique touch-sensitive screens and embedded inertial movement sensors are
programmed to record movement kinematics and gesture forces. Winoto et al. [34]
proposed to feature users’ movements in a naturalistic space which had been captured
using depth-camera in the form of temporal skeleton data; and they argued that such
data, if combined with other ambient sensing data could provide social-meter to predict
social relationships. Prabhakar and Rehg [31] segmented and analyzed real-world
social interaction videos to characterize turn-taking interactions between individuals.
[32] documented a detailed study on the computational analysis of children’s social and
communicative behaviors based on video and audio data in the dyadic social interac-
tion between adults and children with ASD.

These recent earlier works demonstrated the applicability of the activity and
behavioral pattern analysis mechanisms in the computer vision and pattern recognition
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area to assist therapists, care-givers and individuals with development disorders
including ASD [32, 33].

Two recent studies focused on visualizing the behavioral patterns (including eye-
gaze direction) during the social interaction between a child with ASD and a therapist
[35, 36]. In both studies, sophisticated data capture system had been deployed. For
example, in [36], the eye-gaze direction data were retrieved and analyzed via a high-
definition video-recording system, followed by gaze-analysis based on facial landmark
and head movement data. The computational cost of the system is inherently high;
however, the authors claimed that compared with the manual rating and evaluation
based on videos by therapist, the system can facilitate the medical specialist’s evalu-
ation [36]; it is unclear, however, whether such behavioral visualizing system can
easily be deployed. Unlike video-based data capturing system in [36], Kong et al. [35]
utilizes Abaris to allow therapists using Anoto digital pen and paper technology and
Nexidia voice recognition to create meaningful indices to videos [37].

Despite earlier efforts, however, the computational cost and sophistication of
behavioral modeling systems in most of these works might prevent such automatic and
semi-automatic systems from deploying, which might in turn restrict its actual use. Our
proposed approach is different in that we do not capitalize the sophisticated feature-
space construction; instead, the simple designs and in-game automatic data collection
offers hassle-free benefits for such individuals as special education teachers and parents
to use in both classrooms and at homes.

In the next two sections, detailed description of our system and the in-game data
collection and automatic behavioral analysis model will be presented.

3 Our Joint Attention Training Application

3.1 The Training Application at a Glance

The two-player game is deployed on a 27 inches tabletop as a puzzle game (see Fig. 1,
2 for two screenshots). Figure 2 shows the general application design.

Fig. 1. Application screenshots where two players have a separate work space. (Color figure
online)
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Each child has her/his own work space, where he/she needs to piece the puzzles
together; the blue button (i.e. the help button) with a question mark can be tapped when
either play cannot find a piece in his/her workspace (Figs. 1, 2 and 3). Upon tapping the
help button, the puzzle will be blinked to prompt to alert the child to pass the puzzle
that does not belong to his/her space to another. When the puzzle is being blinked in a
child’s work space, he/she can ignore it or take actions to swipe it to another space. The
border color of each puzzle corresponds to the color of each player’s work space
(Figs. 1, 2 and 3), which serves two purposes: (a) providing visual cues for each player;
(b) initiating JA bids for a player when he/she points to a puzzle piece in another
player’s workspace (see Fig. 4).

Fig. 2. Application screenshots where two players have a separate work space where one puzzle
piece belonging to the left player is in the right player’s work space (with puzzle border color in
orange). (Color figure online)

Fig. 3. Application screenshots where two players have a separate work space; a help button can
be pressed for players to seek help. (Color figure online)
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3.2 The IJA and RJA Bids Defined in Our Application

As we discussed in the previous section, a help button has been placed at the right
bottom of the screen for children to ask for help (see Fig. 3). Once they click the
button, the puzzle piece on his/her own working space will be automatically moved to
the correct place, the piece on other working space will blink to prompt another user to
share it to his/her. Such blinking puzzle piece, in the form of a visual pattern provides
visual cues to prompt for RJA. When the piece is in being blinked, the other child can
ignore or take action to deliver the puzzle piece. As such, as a unique design in our
training application, the behavior of clicking the help button is defined as a IJA bid.
RJA bid occurs when the puzzle piece is blinking and (a) the player notices it; (b) the
player passes the blinking piece to another play. Obviously, a child might have noticed
a puzzle piece that does not belong to his/her works space, and swipe it to the other
child, which is regarded as a indicative evidence of proactive help.

Table 1 below lists key IJA and RJA bids in the puzzle training game, where the
ones below the green bar shows the unique designs in our application where such bids
can be objectively assessed.

These bids can best be evaluated based on behavioral and speech analysis of their
actions (recorded in a video) during the interactions. In cases that either child failed to
initialize or respond to each other’s attention bids, such reminders can come from the
teacher/parents who are present, in the form of verbal and bodily cues [15].

Fig. 4. The left player is seen pointing to the puzzle piece in another player’s space (IJA).
(Color figure online)
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4 Behavioral Modeling and Preliminary Analysis in Our
Joint Attention Application

4.1 In-Game Data Collection Module

It includes a built-in game data collection module to indirectly assess the quantitative
degree of reciprocity as well as the overall performance of each children. The help
button is specially designed as a visual cue and objective measurement of proactive
help.

Figure 5 shows these parameters. Each player has 12 puzzle pieces, the pieces for
left and right player is labelled from L1 (R1) to L12 (R12) respectively. X and Y

Fig. 5. In-game data related to the help behavior.

Table 1. IJA and RJA bids in our puzzle training application

IJA RJA

One child points the puzzle piece(s) on 
another’s workspace (see Figure 4)

One child follows the finger pointing on 
the screen of another child

One child touches the hand of another 
child/a teacher (gesture clue)

One child passes the puzzle piece to an-
other in response to another’s touch)/the 
teacher verbally remind the other child the 
pass the puzzle piece

One child taps a puzzle piece Another child responds to the piece being 
tapped

One child taps a help button Another child responds to the piece being 
tapped

One child taps a puzzle piece that does 
not belong to his/her own work space

Another child responds to the piece being 
tapped
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represent the 2D index of each puzzle piece (see the image in Figs. 1, and 2 for the user
interface of this version of the application).

Proactive help is essential for mutual planning and better joint performance. Each
player’s behavioral data will be collected and stored as a data book. The data reflects
the temporal movement of the puzzle pieces registered to each player (Left and Right
player respectively). For each movement of a puzzle piece, the following data will be
automatically collected: the piece’s index, the time stamp of the attempt, the duration of
the operation, the final location of the piece and the wrong place that the piece was
placed, if any, respectively. Figure 6 shows such a data example of player’s behaviors
for further user modeling and analysis.

The data shown in Fig. 6 records the temporal manipulations of a puzzle piece by a
given player (L or R). They are computed to measure the overall performance of the
task and can be used to obtain the behavioral pattern of both players.

When all puzzle pieces had been placed on the correct place, our in-game data
collector will generate one row of data which contains the performance of each player
at a given level with the following additional behavioral data (Fig. 7).

Fig. 6. An example of player behaviors for user modeling and analysis

Fig. 7. Overall behavioral data (by user).
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Notice that in order to reduce stress for low-functioning ASD children, an advance
help has been added: when such a button is pressed, the puzzle-filling operation will be
automatically finished. Such a design is important in that individuals with ASD
(including children) are much less reluctant to engage in eye-contact and close
encounter of the face [38]. Hence, when such automatic operation is observed, the ASD
child’s JA skills might need to be further trained.

4.2 The Feasibility Study: Preliminary Analysis

In order to assess the usability of the module before deploying it in a special education
classroom, we conducted an in-lab study involving two TD adults (see Fig. 8). The test
environment is similar to that in [14].

Due to limited space, in this paper, we focus on the RJA and IJA skills in terms of
both proactive and non-proactive helps. To this end, we measure the quantity of these
skills (see Fig. 5).

Two students were invited to participate in the study. They completed six levels of
the games which consists of 6 (from level one to five) and 12 puzzle pieces (level six)
respectively. We followed the study protocol as in [14].

Fig. 8. Preliminary feasibility testing in the lab.

Fig. 9. The JA bids of the left player.
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Figures 9 and 10 show the temporal JA bid pattern of both players respectively.
Some quick assessment of the quantity of the JA bids can be easily drawn from the
figures. For example, the IJAs and RJAs of both players tend to show opposite patterns;
overall, the left player is more socially active in terms of both IJAs and RJAs; more
joint attention and proactive help patterns can be observed in when both players entered
level four, five and six., etc.

Obviously, these behavioral marks provide rich information for therapists to assess
the appropriateness of game activities as well as the social interaction patterns of
players. The data collection and analysis can automatically be conducted at the
background to allow tele-therapy and facilitate live behavioral marking by therapists in
different physical location [37, 39, 40]. Our system has the advantage over the previous
ones, including [28, 29, 31–33, 35, 36], in that it is lightweight and easily deployable,
which thus made it an ideal use at home.

4.3 Discussion

Our in-game data collection module has been carefully designed to assess the per-
formance of the tasks, measurement of reciprocity which is key to social interaction and
JA skills [41].

We speculate that a good performance on a given level could indicate an intact or
typical JA skill sets reflect compensatory strategies such as pressing the ‘auto-finish’
button. The preliminary in-lab study demonstrated the high feasibility of such an
automated system from data collection to analysis.

Further sophisticated analysis such as finer-tuned eye-tracking is expected. How-
ever, such game design to facilitate compensatory strategy is necessary to avoid the
melt-down of the child. A more challenging research path to pursue is to provide
adaptive and personalized visual support based on such behavioral pattern recognition
and analysis so as to enhance the quality of therapy and intervention [42].

Fig. 10. The JA bids of the right player.
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5 Concluding Remarks and Future Works

Although recent research works have highlighted and demonstrated the applicability of
the activity and behavioral pattern analysis mechanisms in offering early windows of
opportunities in the assessment and intervention for individuals with ASD [32, 33], the
computational cost and sophistication of such behavioral modeling systems might
prevent such automatic and semi-automatic systems from deploying, which might in
turn restrict its actual use.

Drawn from the findings from these earlier works, we proposed an easily
deployable automatic system to train joint attention skills, assess the frequency and
degree of reciprocity, characterizing the IJA and RJA behaviors. Our proposed
approach is different from most of earlier attempts in that we do not capitalize the
sophisticated feature-space construction methodology; instead, the simple designs and
in-game automatic data collection offers hassle-free benefits for such individuals as
special education teachers and parents to use in both classrooms and at homes. The
preliminary in-lab study demonstrated the high feasibility of such an automated system
from data collection to analysis.

The design of the game and activities followed our previous approach [14]; the
revised system described in this paper (including the integration of the automated data
collection and analysis module) had been developed based on our interview with the
special education teachers.

We expect the system to be deployed in Chinese special education classrooms to
evaluate its usability and applicability over an extended use of period.
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Abstract. One of the key skills in the fourth industrial revolution is
the ability to program. To attain this skill, many prospective students
study for a degree in computer science or a related field. An important
skill in computer science is the ability to solve for a particular prob-
lem by programming an application. However, some challenges exist that
make teaching this skill difficult, which leads to student frustration and a
decrease in grades. These challenges can be attributed to a lack of access
to appropriate skill-building or disjoint teaching methods that are not
applicable to the student, which is especially prevalent with some inex-
perienced educators. Using teaching methods, which a student cannot
relate to can lead to distance between the taught skill and the student.
The article aims to address this distance by proposing a model that
derives user sentiment with affective computing methods and leveraging
the sentiment outcome to support the educator by providing feedback rel-
evant for teaching. The technology will then allow the educator to adjust
teaching and provide a more personalized teaching experience cognizant
of classroom concepts with a lower level of understanding or that evoke
certain emotions. It can also provide an informal assessment of content
delivery by using student sentiment to infer whether concepts are well
received. The preliminary prototype shows there is value in using assis-
tive technologies in the physical classroom to achieve adaptive student
learning. However, the onus is still on the educator to be able to react
correctly to compensate for the lack of understanding for it to be an
effective tool.

Keywords: Computer science education · Affective computing ·
Computer vision

1 Introduction

The ability to program is an important skill that is slowly becoming a critical
skill in the 21st century. The ability to systematically solve a problem by imple-
menting an application has thus become a requirement to contribute to digital
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society. Computers and smart devices have become ubiquitous, and the Internet
of Things (such as smart devices and appliances) have been integrated into our
daily lifestyles. Thereby increasing the amount of data being generated and sub-
sequently increasing the demand for individuals that can program [1]. Although
education programs that target the programming skill set have come a long
way, it is still plagued by many issues that hinder computer science education.
Although there exist fundamental stumbling blocks, such as a lack of numeracy
skills [2] and resources, there exist more subtle issues that make it difficult to
learn to program. Students learn in different ways, and something needs to be
done to take these differences into account.

Traditional teaching methods [3] attempt to maximize learning by targeting
the attributes shared by the majority of the classroom. However, each student is
more receptive to particular teaching methods and may not engage with other
methods. Another problem is that the turnaround time for finding out which
students are not engaging and how to address it can be quite high. Some edu-
cators (especially inexperienced educators) only ask for student feedback at the
end of each semester when all the content has been completed, instead of more
frequent feedback during the semester. The author argues the educator should
align student feedback with their teaching methods and adapt accordingly, but if
the feedback is sparse, so is its applicability to current students in the classroom.

The rise of ubiquitous computing allowed for students to access content in
more flexible ways, thereby promoting more adaptive student learning [4]. How-
ever, current methods show the benefits are limited within a physical classroom
setting, where the traditional passive-student approach still prevails. Access to a
computer or technology becomes a prerequisite in this setting, thereby excluding
the students who do not have access to these technologies. There is a need for
adaptive teaching and learning methods that do not incur a great deal of cost
for the student, but still, provide the personalized student experience which is
conducive to more effective learning.

The article introduces such an approach by applying affective computing
(where the student’s emotion is derived using a sensor, some processing and
machine learning) to achieve adaptive teaching and learning in a physical class-
room while limiting the cost to the educator’s side. It begins by defining the
problem background, where the underpinning issues in computer science educa-
tion are briefly unpacked, followed by an outline on adaptive learning and where
adaptive teaching is relevant. Background to affective computing methods are
then introduced, which is relevant for the proposed model that is subsequently
discussed, along with a discussion on the preliminary results and recommenda-
tions for the implemented prototype. The article ends with a conclusion and
future work.

2 Problem Background

Technology has progressed well, and the near prospects show even more poten-
tial in various domains. It has especially opened opportunities within the space
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of higher education. There is also evidence that shows there is improved access
to education and satisfaction through distance learning [5]. More recently we
can also see that blended learning has enhanced both the effectiveness and effi-
ciency of more meaningful learning experiences [6]. Thereby showing there is a
continuing inquiry into how best to use technology in higher education.

The fourth industrial revolution is characterized by the fusion of technolo-
gies that blur the lines of the physical, digital and biological spheres of our
world, which have evolved at an exponential rate [7]. Emerging technology break-
throughs such as mainstream artificial intelligence, the Internet of Things and
3-D printing have disrupted certain industries such as manufacturing, logistics or
commerce and the disruption of education is not far behind. The breakthroughs
have to lead to a great deal of demand for the creation of new technologies and
subsequently the programming skill, along with other skills within the space of
computer science. Thereby making the education of computer science a crucial
component in higher education.

2.1 Computer Science Education

Several challenges exist in computer science education and more needs to be done
to cater for the current and upcoming demand for computer science within higher
education. Teaching and learning methods exist that directly attempt to address
these issues found in computer science education, but certain issues remain open
problems. Fundamental stumbling blocks are still present in certain institutions
(especially in third world institutions). There is a lack of resources, such as
access to equipment, human capital [8], along with low levels of motivation and
mathematical competency levels [2] which hinder the delivering of computer
science graduates. If these fundamentals are not understood or accommodated,
the student will find difficulty in learning anything. Innovative teaching methods
that are cognizant of these constraints need to be introduced for us to provide
for the fourth industrial revolution.

In the past decade, in response to proposed science education reform [9],
there has been an increase in the use of active as opposed to passive teach-
ing methods to improve computer science education. Historically, participatory
teaching methods have always been seen as a critical component in the teaching
of computer science [10]. However, the way we have engaged with the student
has changed. Research [11] has shown that there is value in using constructivism
in teaching computer science, where knowledge is constructed by the student
instead of merely receiving it from the educator. Thereby shifting course design
to include certain teaching methods to provide for both the effective and non-
effective novice [12]. These teaching methods include pair programming [13],
game-based learning [14] and using more accessible programming languages,
such as Scratch [15]. However, an educator can introduce these learning methods
within their context, but it may only benefit certain students, leaving the rest
in the lurch.
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2.2 Adaptive Teaching and Learning

Adaptive teaching and learning methods aim to maximize learning for the target
student base by using information derived from the student to adapt teaching
to their learning style, which in turn improves the learning process [4]. Adap-
tive learning can be defined as a learning system that monitors user behavior,
interprets it according to a domain-specific model and acts on these interpreta-
tions to dynamically facilitate the learning process. Traditional learning methods
have shown to be ineffective in achieving this individual or personalized learning
experience [16], and this has lead to a pursuit of various teaching methods that
may be able to achieve adaptive learning.

Adaptive learning methods discussed in the literature can be divided into
four categories [16]. The first category of adaptive learning systems is called
adaptive interaction and achieves adaptive learning by changing the way the
user interfaces with the e-learning setting by changing aspects, such as color
or font schemes to accommodate the user. The second category and most com-
monly used category is adaptive course delivery systems where course content is
changed to make the student feel more comfortable, such as accommodating sub-
jective assessments and providing the student with alternative paths or selections
for course material. The third category consists of systems with content discovery
and assembly where a concerted effort is made to tailor content based on his-
torical student information and behavior during every course design phase. The
final category includes adaptive collaboration support where continuous social
interaction or communication is used to support the learning process [17].

All the above categories of adaptive learning are enacted within a specific
environment, which comply with specific models in adaptive learning. The mod-
els in adaptive learning environments include the domain model, the learner
model, group models and the adaptation model [16]. The domain model (also
known as the application model) focuses on adaption efforts within the con-
text of roles, relationships and course elements found in the intended applica-
tion domain. The learner model adapts when changes occur in student behavior,
demographics and achievements. Group models, are similar to the learner model,
where they glean information from the characteristics for a group of similar
students (instead of an individual) in a dynamic manner. The last model, the
adaption model, facilitates adaption in various layers of abstraction to determine
what, when and how certain aspects can be adapted.

Pea discusses two key dimensions required in the teaching process: the social
dimension and technological dimension [18]. Historically much research has tar-
geted the social dimension for facilitating more effective teaching. We are now
beginning to understand how to best leverage the technological dimension of
effective teaching, especially in computer science. Adaptive teaching and learn-
ing can be seen as the bridge between these two dimensions, and there is value in
exploring where the two intersect. Thereby showing there is also value in explor-
ing the varying levels of student input and new attributes that can be leveraged
to facilitate better adaptive teaching in the classroom.
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The area we explore is similar to the adaptive collaboration support category
applied to the learner model, but we explicitly look at how support can be
provided to the educator specifically for them to adapt their teaching during a
class. The feedback delivered to the educator is derived in a novel way by using
affective computing to gain student sentiment on specific content delivery to infer
whether teaching is well received, while it is being delivered to the students.

2.3 Affective Computing

Picard defines affective computing as computing that relates to, arises from or
influences emotions [19]. One of the key points Picard brings up when proposing
the concept of affective computing is its benefit within a teaching and learn-
ing setting. The affect derived in these systems provides a key attribute that
promotes learning: the ability to determine if the user is exhibiting enthusiasm,
excitement or experiencing confusion, frustration and anxiety.

The premise is that certain emotions portrayed by a user are more conducive
to learning and potentially negative emotions, which detract from learning. Edu-
cational psychologists have recently determined that emotions intertwined in
teacher responses and student actions are an integral part of the teaching and
learning process [20]. Their pursuit has lead to new theoretical frameworks that
deviate from focusing on either individuals or environments without any social
interactions, but rather leverage them to understand the classroom better learn-
ing context. Most of the research focuses on the educator emotions and their
impact on learning. Emotions that include frustration when a student cannot
grasp a concept or disappointment with a lack of effort from the student nega-
tively impact the student and some research attempts to find ways of regulating
these emotions [21,22]. While more recent research explores student emotions,
such as enjoyment, pride and hope and their relationship with the learning pro-
cess [23]. However, the primary instrument used to capture or determine the
emotions using surveys or interviews, which make insights derived from the class-
room a more “offline” exercise.

Thankfully, technology has progressed to a point where a machine can be used
to determine the emotion of a user, thereby automating the capture of these user
emotions. Thereby opening up an avenue of research that leverages the capturing
of emotion within an educational setting in a more “online” manner within the
context of a physical classroom.

2.4 Similar Work

New entrants within this context attempt to derive emotion from students in a
physical classroom setting using various physiological sensors. There are physi-
cal manifestations or attributes a user portrays when they experience emotion,
and by capturing these attributes, one can derive their approximate emotion.
Historically, physiological signals, such as skin conductance or heart rate have
been used to determine user emotion in various contexts, such as lie detection.
However, they come with their limitations [24]. One of these constraints being
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the requirement of special sensor equipment for each participant and the lack of
portability the equipment exhibits, which limit its practicality within a physical
classroom setting.

Shen, Wang and Shen use a collection of biofeedback devices to collect phys-
ical data such as heart rate, skin conductance, blood volume pressure and brain
waves for every student [25]. Using labelled positive and negative emotion data
from these sensors to train a Support Vector Machine (SVM) and K-Nearest
Neighbor (KNN) classifier, they achieved between 60.8% and 86.3% accuracy
depending how many sensors you factor in. However, some users are not very
comfortable with wearing these sensors or providing these attributes, because
they feel it is quite intrusive and it may not be yet practical within the physical
classroom context.

Wu, Tzeng and Huang capture eye movements, brain waves and heartbeat
while the student is playing a digital game designed to teach Newton’s law of
motion [26]. They specifically outline there is a significant relationship between
these physiological attributes and effective learning. However, similar to other
work, it too suffers from privacy, hardware and practicality issues. More work
needs to be done that introduces models, which capture student emotion in a
less intrusive manner with minimal overhead.

3 Experiment Setup

The study serves as exploratory research that allows for further insights on
deriving emotion within the domain of the physical classroom without being too
intrusive. Once sufficient background on the problem domain and methods is
explored, a model is formed, along with a basic implementation for a pilot study
to derive insights relevant on whether there is value in using computer vision
methods to derive emotion within a physical classroom.

3.1 Data Collection

In the pilot study, video footage of a small group of computer science lab students
was captured using a Canon 80D placed in front of the classroom for three classes,
which is set to capture video at a resolution of 1920 by 1080 at 60 frames per
second. In the environment nominal lighting was provided and any occlusions
within the scene were kept to a minimum. Each video sample contained footage
from the beginning of the class until the end of the class with an average time
of 80 min.

3.2 Data Analysis

Once the video was collected, the methods described in the following section are
applied to capture, process and classify the emotions relevant to the study. The
emotion results are plotted for the observer, along with the emotional mean. The
emotions measured include:
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– anger
– contempt
– disgust
– fear
– happiness
– neutral
– sadness
– surprise

The classification outcomes at various stages in the video footage are then
observed and any important shifts are noted and collated to derive insights for
the study.

4 Model

In order to derive emotion from the students in the physical classroom computer
vision methods are employed to derive each student’s emotion as depicted in
Fig. 1. Once captured, each video frame is sent for the region of interest (ROI)
segmentation, where in this case is face detection in the scene using pre-trained
Haar cascades. Any ROI sub-images less than 40 by 40 pixels are discarded
because it is difficult to derive an emotion on such a low resolution with the cur-
rent emotion classification method. Each ROI is then processed further to derive
emotion scores for each category using Microsoft’s Cognitive Service Face API
(version 1.0). The emotion scores for each ROI is then returned and consolidated
to a mean emotion score for each category for a predefined time window, which
can be set by the observer. The scores and significant events are then displayed
with the report module and provides a brief notification on whether a class is
going well or if the educator should adjust their teaching accordingly.

Report

Proceed with class

Adjust teaching

Fig. 1. A model for achieving adaptive teaching and learning using computer vision
methods to derive emotion.

5 Results and Recommendations

The pilot implementation successfully derived the emotion scores for each of the
students in the physical classroom. As shown in Fig. 2, even at a side profile
view, the faces for most of the students in the classroom that are participating
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Fig. 2. An example of the lab class group used for the pilot study, where the face ROI
have been removed for privacy reasons.

can be captured for further processing. Once the ROI images are sent to the
Microsoft API the emotion scores are successfully returned in JSON format as
seen in Fig 3. The emotion scores are then consolidated and parsed by the report
module for display to the observer or educator. The observer can then use the
report module to view the current and mean emotion scores and adjust teaching
accordingly in future classes delivered to the same student class.

"scores": {

"anger": 0.00473169656,

"contempt": 0.0002789871,

"disgust": 4.001353E-05,

"fear": 4.643466E-05,

"happiness": 2.00395989E-05,

"neutral": 0.99336195,

"sadness": 0.00115420332,

"surprise": 0.000366691558}

Fig. 3. An example of the emotion scores for one captured face in the class, depicting
the neutral emotion.

Although the pilot implementation showed that it is possible to derive emo-
tion in a physical classroom and use it to adjust teaching, some issues were
encountered that hinder the capturing of student emotions in the classroom.
These issues are mostly attributed to environmental or hardware constraints.
For the students further back in the classroom ROI segmentation would fail at
times and in some cases when they would be captured, deriving the emotion for
them would be unsuccessful due to the low resolution of the ROI. The number
of frames processed within a period was also limited by the API and bandwidth
available, which can slow down processing of the frames, thereby warranting the
investigation of a local emotion recognition method for further implementations
in the study.



Student Emotion Recognition in Computer Science Education 309

5.1 Privacy and Ethical Considerations

Deriving emotion for adapting teaching also comes with privacy and ethical
implications. As with any computer vision technology that involves humans there
is a chance that it can potentially be infringing on one’s privacy. The use of
emotion score information beyond the scope of the work also presents problems.
For example, general strain theory (GST) posits that strain or stressors increase
the likelihood of negative emotions such as anger and frustration, which can
lead to crime and delinquency [27]. If institutions use the data collected in the
classroom to screen for potential criminals, it may not sit well with society. More
so, laws such as the EU General Data Protection Regulation (GDPR) have a set
a precedent of how data is processed within the public sector [28]. Care would
need to be taken with regards to where and how information, such as students
in a physical classroom, is being sent and used.

5.2 Insights

In the pilot study, there was also a residual impact when using the model within
a classroom setting. Students were willing to participate in the pilot, because it
may benefit their learning experience. The model brings about a certain amount
of educator awareness that would normally only be seen in a seasoned educator.
However, some aspects could be surprising even to a seasoned educator, such
as students that maintain one emotional state may not be necessarily good for
learning too or the surprise indicator may portray a relationship with attentive-
ness. However, the future adjustments as a result of prolonged negative senti-
ment do promote more interactivity on the educator’s part. The report model
also confirms that student interaction does increase with more positive emotions
in a classroom. Thereby showing there is value in using the model with less
experienced educators that can not intuitively get a “feel” for the classroom.

5.3 Computer Science Education

Participatory teaching methods within the space of computer science education
are on the rise. Evidence suggests there is a need for a shift in course design that
addresses the unique methods of learning for each student [12]. The methods
introduced thus far adjust content such as the type of programming language
or the target problem to maximize learning [13–15], but this is not the only
dimension that should be pursued for more personalized learning. There is room
for deriving other student attributes, such as emotion or weak areas using tech-
nology that serve to assist the educator, especially in the sciences. Being able to
quantify the extent to which student learning takes place is a promising value
proposition and may be useful in the future.

Overall one can ask is there value in pursuing emotion recognition for com-
puter science education or education as a whole. Although one has to be cog-
nizant of the constraints experienced within this context, it still achieves the
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use case and it opens up a further avenue of research that may assist educa-
tional psychologists and educators alike in determining conducive conditions for
student learning.

6 Conclusion

Changing the education landscape to include more participatory teaching meth-
ods to maximize student learning has been a challenge especially in the sciences.
It is further complicated by the fact that certain students do not engage with
certain participatory methods. An experienced educator can pick up any dis-
tance between these teaching methods and their students to facilitate adaptive
teaching and learning.

Advances in the field of computer vision have shown potential in other
domains, and an attractive inventory of methods have been identified, which
warrant the investigation of using these technologies to achieve collaborative
support-based adaptive teaching and learning for a physical classroom of stu-
dents. By leveraging innovation within the field of computer vision, many appli-
cation domains can benefit from insights derived in a scene to promote user
effectiveness.

Although automation efforts within the fourth industrial revolution are typ-
ically not well received because it can lead to job loss, this study shows there
is also potential in using the technology as an assistant mechanism for fields
that require the “human touch”. The current and potential benefits cannot be
ignored, as we endeavor to find the next generation of learning, which is aware
of ideal conditions necessary for individual student learning.
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Abstract. In an increasingly technological world of constant change, encour-
aging the development of skills such as creativity is becoming increasingly
important. In this sense, Creative Learning and Maker Movement can be
explored to enrich the learning process in subjects such as science, mathematics
and computing. In this paper we explore and discuss the use of electronic
components to create physical objects in support for science teaching. We
investigate how children and their teachers make sense of the technological
concepts and aspects involved in the object’s construction. We carried out eight
Workshops where we worked out four different scenarios. At the end of each
Workshop, the children and teachers assessed their affective states regarding the
activities. In general, children were very happy and motivated with the maker
activities, but not all of them felt in control of the activity. Teachers showed less
motivation in the activities whose construction was more elaborate, and showed
less control, suggesting that the technological aspects are still a challenge for
them.

Keywords: Creative learning � Maker movement � School

1 Introduction

In a technological world of constant change, encouraging the development of skills
such as creativity is becoming increasingly important. Creative people are curious and
enjoy exploring ideas, so they are more innovative in problem solving. Creative
Learning is an emerging concept which has been explored by researchers [1–3] and it is
often referenced as a learning style or a culture, a pedagogical approach that uses
contemporary and imaginative forms of enquiry to make access and knowledge con-
struction a highly engaging, relevant, and rewarding experience. Sefton-Green et al. [4]
explain the Creative Learning as a “teaching that allows student to use their imagi-
nations, have ideas, generate multiple possible solutions to problems, communicate in a
variety of media and in general think outside the box”. Creative Learning is a style of
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“learning by doing” [5] and it involves creation [3], that in this theory means the
successive emergence of discoveries. Modern technological tools and applications
should be incorporated into the school environment, to enrich the learning process and
promote the creation of things that are concrete and shareable. Papert [6] in his con-
structivist approach, had already argued that the teaching-learning relationship is most
effective when the learner tries to construct a product that is meaningful to him/her.
Creative Learning is active learning, and therefore it is so successful at building student
engagement. It recognizes that we all learn in different ways that we learn better when
there is relevance, and that learning can be collaborative and social. Five key behaviors
that Creative Learning seeks to encourage include “asking questions, making con-
nections, imagining what might be, exploring options and reflecting critically” [7]. In
stimulating imagination and curiosity other capacities are discovered and strengthened
too, like the ability to take risks, to think independently and empathically, and to be
collaborative.

On another front, there is the Maker Movement, which broadly refers to the
growing number of people who are engaged in the creative production of artefacts in
their daily lives [8]. Martinez and Stager [9] credit Seymour Papert as “the father of the
maker movement”, implying that constructionism is the theory of learning that
undergirds the maker movement’s focus on problem solving and digital and physical
fabrication. Hatch [10] highlights the importance of the construction of physical objects
as a feature of the Maker Movement that distinguishes it from the earlier computational
and Internet revolutions. Making encourages students to share ideas and projects and
show off their creations. Failure is celebrated as a positive function of progress [11].
Many have commented on the potential of the Maker Movement to support, enliven,
change, or even revolutionize children’s education in subjects such as science, math-
ematics and computing [12]. Making enables learning to be more relevant and
meaningful as it features a learning-by-demand model, rather than the more traditional
just-in-case model that covers a curriculum fixed in advance to include something that
might hopefully be useful later [13].

Several authors have proposed activities based on Creative Learning and Maker
Movements, which encompass most commonly three main technological areas: Elec-
tronics, 3D digital fabrication and Programming or Computation [14].

Paper electronics is the construction of circuits on paper [15] using conductive
foils, tapes, or inks to make connections between electronic components such as lights,
sensors and programmable microcontrollers. Creators can express themselves by cre-
ating circuit patterns with the conductive materials and by decorating their circuits with
traditional paper craft media.

Story-Making [16] is a process that cultivates creative learning by combining
innovative forms of storytelling and new forms of making with novel technologies. The
author proposes a constructionist process designed to engage children in creating
multiple representations of their personal experiences and integrating them into a
coherent narrative. The author describes experiences with children creating stories
using paper electronics, programmable projections and sewable circuits (circuits made
on textiles using conductive threads and fabrics to create connections between elec-
tronic components).
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In this work, we aimed at exploring and understanding the potential of using the
approach of Maker Movement as support in activities that promote the Creative
Learning in the school context. In the next sections, we provide details about a set of
workshops that we have engaged with elementary school students and their teachers to
explore creative classroom learning. This paper is structured as follows: Sect. 1
introduces context, the research problem, related works and our objectives; Sect. 2
presents the research methodology; Sect. 3 presents the workshops conducted; Sect. 4
reports on the results and discusses our findings; Sect. 5 presents conclusions and
suggests future work.

2 Method

2.1 Participants

We carried out four Workshops with 6-14-year-old children and four others with
teachers in an educational environment, throughout 2017. The Workshops’ purpose
was introducing children to different technologies through creative and meaningful
experiences, and in addition, support teachers on methods and materials that could be
used autonomously in classes involving creative learning. The activities were approved
by the Ethics Committee on Research from the University of Campinas (UNICAMP),
under the number 55678316.4.0000.5404.

Each Workshop lasted ninety minutes and took place separately for children and
teachers in the Division of Child and Supplementary Education (DedIC, acronym in
Portuguese of Divisão de Educação Infantil e Complementar) at UNICAMP, inside the
unit of Program for the Development and Integration of Children and Adolescents –
PRODECAD1

– acronym in Portuguese of Programa de Desenvolvimento e Inte-
gração da Criança e do Adolescente. This unit provides complementary education to
children, out of shift to the regular education.

2.2 Pre-workshops Activities

Before the first Workshop, a presentation was made, mainly to the children, for elu-
cidating the basic characteristics of electric circuits and safety issues. Firstly, the safety
aspects, such as “Don’t use electric devices next to water”, “Don’t touch outlet with
wet hands”, “Don’t touch the metallic parts of the plug”, “Don’t put scissors, pens,
fingers or conductors of electricity into outlets”, “Pay attention to the warnings”,
among others, were shown and discussed. In a second part of the presentation, we
presented and discussed how electric power gets into our house, pointing out the
electric conduction by wires and the lights being turned on through the switch. During
the presentation, the children were asked to think about certain key questions such as
“What do you think it is happening when the light in our house doesn’t turn on?”.
Afterwards, we discussed how the unplugged devices work, such as the ones that use
AA batteries or rechargeable batteries, like mobile phones.

1 http://www.dgrh.unicamp.br/dedic/prodecad.
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Sequentially, we presented to the audience three series electric circuits sketches: a
switchless circuit – Fig. 1(a) – and switch-controlled circuit with the switch in the “on”
state – Fig. 1(b) – and a switch-controlled circuit with the switch off – Fig. 1(c).

We also introduced parallel circuits, explaining how they differ from their serial
counterparts. We provided further explanations, to the teachers, related to specific
characteristics of each kind of topology, specifically, how current and voltage divide in
both cases (Fig. 2).

2.3 Evaluation

At the end of each Workshop, the participants assessed their affective states regarding
the activities performed, using the Self-Assessment Manikin (SAM) instrument [17],
and issuing opinions and suggestions that were used as a feedback for subsequent

Fig. 1. Examples of serial electric circuits: (a) switchless circuit; (b) and (c) switch-controlled
circuits with a closed switch and open switch, respectively.

Fig. 2. Examples of parallel electric circuits: (a) switchless circuit; (b) and (c) switch-controlled
circuits with a closed switch and open switch, respectively.
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workshops. To the affective state evaluation, SAM was used as a pictorial evaluation,
that reports pleasure, arousal and dominance regarding the activity performed by the
user (see Fig. 3). In the SAM, each participant was supposed to rank from 1 to 9 their
pleasure, arousal and dominance about the activity; nine represents very high pleasure,
very high arousal and very high dominance and one represents very low pleasure, very
low arousal and very low dominance.

At the beginning of the second Workshop, we handed the kids a sheet of paper with
a set of objects printed. Then we asked them to choose the ones that would be used to
make the electric circuit, so that we could evaluate whether the children had understood
the electric circuit concepts shown and used in the first Workshop (see Fig. 4). Fur-
thermore, they would name other materials they thought would be required.

Fig. 3. Self-Assessment Manikin (SAM), reproduced from [17].

Fig. 4. Objects listed for the children to choose the ones would be used on circuit building.
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3 The Designed Scenarios

Four different scenarios were created during the Workshops, with increasing levels of
difficulty. The intention was for the participants to gradually build an understanding of
the characteristics of the electric circuits, while they built them. In the following
subsections, we introduce the different scenarios that were worked, describing the
materials used, the dynamic and how to make the gadgets.

3.1 The Lightning Dog Scenario – Origami with Electric Circuit

In the Lightning Dog Workshop we worked with parallel circuits. Following our
incremental strategy, in this first workshop each child would work individually with a
circuit. Inspired by the creative learning and learning-by-doing approaches, we decided
that it would be useful to associate the electric circuits with a familiar subject to the
children. Therefore, we associated origami with electric circuits, since the former
subject had already been worked with the children in prior educational activities. In
order to make the gadget work, the participants should make their own circuit and fold
the paper.

Materials. Each participant received a set (see Figs. 5 and Fig. 6), which contained all
the necessary materials to make the gadget. Each set had a 60 cm of conductive copper
tape, a paper compartment to hold the battery, a 3-volt lithium CR2032 battery (coin-
shaped), two Light Emitting Diodes (LEDs), three metallic paper clips and a sheet of
origami paper with a sketch of the dog and the electric circuit printed on both sides
(Fig. 6). The only difference between the sets for children – Fig. 5(a) – and for the
teachers – Fig. 5(b) – was that, for the children, we bent the anode of the LEDs into a
square and the cathode into a circle; we thought it would be better, at the current point,
to aid the identification of the polarity of the LEDs in such way.

Fig. 5. Materials to make the artefact: (a) set for children; (b) set for teachers.
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Dynamic. The first activity assigned to the participants was making a dog’s head in
origami, as in Fig. 7.

The artefact making consisted of, firstly, covering the green paths (positive side)
and the red ones (negative side) in the sketch with the tape of conductive copper, as
shown in Fig. 8(a), emphasizing that the LEDs should be placed on their corresponding
spaces. We pointed out to the participants that both the batteries and the LEDs had
polarities which should be respected; the positive pole of the battery with the positive
pole of the LED; the same for the negative poles.

Fig. 6. Material to make the artefact: Sketch for parallel electric circuit origami.

Fig. 7. Instructions for the dog head origami. Adapted from [18].

Fig. 8. (a) and (b) Teachers and children, respectively, making the artefact; (b) artefact correctly
made by a child. (Color figure online)
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After these phases were completed, the participants had to fold the sketch, as the
numbered instructions indicated. Finally, the participants had to clip the ears and the
battery, applying enough pressure to ensure proper electric contact. The Fig. 8 shows a
few moments of the teachers and children Workshops, respectively. When the par-
ticipants carried out all the steps accurately, all the LEDs, which were placed on the
dog’s eyes after the folding, would light, as shown in Fig. 8(c). If the participants failed
the task, the researcher and the participant would look for the reason why the artefact
didn’t work and find a solution until the dog’s eyes lit.

3.2 The Lightning Atelier Scenario

In the Lightning Atelier Workshop, we worked on series electric circuits. We created a
scale model featuring a house and a garden in the front, and the word PRODECAD next
to the roof, as in Fig. 9(a); our intention was to represent the atelier where the
Workshops took place and the educational area attended by the children who partici-
pated in the research.

Each letter of the word PRODECAD had a LED; the goal of this activity was to
turn on these lights by connecting robot-shaped avatars – Fig. 9(c) – to the scale
model. Each letter was part of an independent series circuit, which was initially open
and became closed when the avatar was connected to the scale model, because each
avatar had a part of the circuit (named Part A, in order to simplify the explanation). On
the other hand, in the Atelier scale model there were several pairs of light poles (wood
skewer with a conductive wire) placed on it, which had the Part B of the circuit. The
avatar would be connected to the light poles, closing a circuit (Part A + Part B), which
would make one of the LEDs light.

In our incremental workshops approach, kids worked in pairs, this time, to make an
avatar. In order to turn all the lights on, it was necessary that all the teams made their
avatars correctly.

Fig. 9. (a) and (b) Atelier scale model with wood skewers with a conductive wire - Part B of the
circuit; (c) Materials to make the Part A (Avatars, in a robot shape) of the artefact.
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Materials. The Lightning Atelier Scenario design involved the initial creation of the
scale model where the avatars would be connected. The model was developed by the
researchers using conductive wire, tape, Styrofoam, paper, wood skewers and LEDs.
Each pair of wood skewers was connected to a LED by a conductive wire; one of them
was on the positive pole and the other on the negative pole, see Fig. 9(a). There were
two layers of Styrofoam, placed one over the other. The wood skewers were pinned on
the top layer. The wire went down the light pole and reached the LED between the
layers of Styrofoam, see Fig. 9(b). In order to make the avatar, each participant
received a set – see Fig. 9(c) – containing a 40-cm conductive wire segment, avatars, a
3-volt lithium CR2032 battery (coin-shaped) and tape.

Dynamic. At the beginning of the Workshop activities, we explained the goal and how
the avatars would be used. Each pair of children chose their avatar. The second task
that the children had to perform was to design their avatar, using paper and pencils, in
order to create the electric circuit of the atelier; only after this design phased would they
continue with the hands-on part. Figure 10 shows some moments of the Workshop and
the “Lightning Atelier” with a few lights on.

3.3 The Electrical Garden Scenario

In the Electrical Garden Workshop, we carried out the activity using the parallel circuit
concept in an electric garden shape, in which the flower cores consisted of LEDs that
lit. Each child made an artefact individually. We continued applying the origami
activity with electric circuits. All the participants should make their own circuit, fold
the origami and join it to the whole artefact, so the garden would light up. In our
incremental approach, each of these artefacts would be joined with a larger set in order
to make the circuit work only after adding all the parts.

Materials. The electrical garden design involved the initial creation of a base where
each individual artefact would be connected, implemented by the researchers using
conductive copper tape, adhesive tape, 3-volt CR2032 lithium batteries (coin-shaped)
and E.V.A (Ethylene-vinyl Acetate). The base consisted of two parts: a support, on
which the circuit was built using sections of conductive copper tape – see Fig. 11(a) –
and a layer that covered the circuit, shown in Fig. 11(b), where parts of the underlying
copper tape were made to protrude, thereby forming one side of an electric switch.

Fig. 10. (a) Children making the Part A of the circuit; (b) Children connecting the Part A to the
light poles; (c) The Atelier with a few lights on.
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To build the individual artefacts the participants received a set, as Fig. 11(c). Each
one included 20 cm of conductive copper tape, one LED (with the legs in a U-shape so
they would fit on the conductive tape path), a paper clip and two sheets of paper to fold.
One of the sheets had a drawing showing where to lay the conductive tape. The sheets
were joined together using common adhesive tape.

Dynamic. In order to carry out the activity, each participant had to build his/her
individual artefact which in this scenario consisted of a flower origami, see Fig. 12.

The artefact construction started by placing the LED on top of the stem, covering
the black marks with conductive tape and folding the origami, as shown in Fig. 13(a).
Afterwards, the participant would fold the flower petals, punch a hole where the LED
would fit and join the stem and the petals with adhesive tape. With the individual
artefact ready, each participant would place his/her flower onto one of the slots, in the
garden, where the underlying conductive tape protruded and was exposed, as shown in
Fig. 13(b). The garden had ten slots for flowers; nine of them connected in parallel to
each other, and one connected in series with the battery. Placing a flower onto a slot
would close that part of the circuit. Electric current would only flow through the circuit
when the series slot was closed. We, therefore, purposely left that slot to be connected
the last, so all the LEDs would light up simultaneously only after the last flower was
placed on the garden, for an enhanced effect. Figure 13(c) shows the fully lit garden,
with all the flowers connected in it.

Fig. 11. (a) and (b) Base where each individual artefact would be connected; (c) Materials for
the artefact making.

Fig. 12. Instructions for the flower petals and stem origami. Adapted from [18].
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3.4 The Fashion Bracelet Scenario

In the Fashion Bracelet Workshop, each child made a fabric bracelet. It contained a
series circuit (sewed onto the fabric) that turned on a LED. In our incremental approach
of activities, the making of the serial circuit, formerly built with paper, is now in a
wearable artefact.

Materials. Each participant received a set, as Fig. 14 shows, featuring all the neces-
sary materials to make the Workshop’s artefact. In each set, there were two 20 � 6-cm
pieces of fabric (felt), a needle, a sewing thread, LEDs (only one for children and two
for teachers), 50-cm steel conductive wire (for sewing), 3-volt CR2032 lithium bat-
teries (coin-shaped), two metal press studs, a 6 � 6-cm piece for the battery casing, a
felt clipping flower or spaceship and a model to make the bracelet. In order to facilitate
the identification of the LED poles, the negative and positive poles of the model had
been marked with a circle and a square, respectively. The same identification had been
physically made on LED poles.

Dynamic. The bracelet design involved the construction of a case where the battery
would be placed. The children were handed a readymade case by the researchers. For
the teachers, the dynamic included the case making. It consisted of a felt casing with

Fig. 13. (a) Individual artefact making (flower); (b) Connecting the flower to the base artefact
(garden); (c) Garden after the connection of all the flowers.

Fig. 14. Materials for the artefact making: (a) for children; (b) for teachers.
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two metal press studs sewed by conductive wire. Each metal press stud was also
connected to one of the battery poles by conductive wire. The Fig. 15 shows the model
to the case making.

Each participant made his/her own bracelet, out of the provided felt. The kids
would use a series electrical circuit in the bracelet which would light up when a battery
was placed in the case. Thus, the kids had to sew the LED’s legs to the inner side of the
bracelet using the conductive wire, and each leg to their corresponding pole on the
battery case using the same conductive wire. On the external side of the bracelet the
kids had to make a hole in order to pass the LED and sew either the flower or the
spaceship around it. The bracelet was tied off with Velcro. Figure 16(a) shows the
bracelet diagram for kids.

The teachers would use a parallel electric circuit in the bracelet, for which the LED
would light up when the press studs were buttoned. As Fig. 16(b) shows, the battery
case in the teachers’ bracelet was connected to two press studs whereas the LEDs were
connected to their respective press studs placed in the opposite side, so that the elec-
trical circuit would close when the bracelet was buttoned. Figure 17 shows a bracelet
completed and some Workshop moments.

Fig. 15. Battery case diagram.

Fig. 16. Bracelet diagram. (a) For children; (b) For teachers.
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4 Workshops Results and Discussion

As we mentioned above, at the beginning of the second Workshop (see Sect. 3.2 - The
Lightning Atelier Scenario), we asked the children to choose, among a set of objects,
the ones that would be used to make the electric circuit and complete the task so that we
could evaluate whether the children had understood the electric circuits shown and used
in the first Workshop. Figure 18 depicts the available objects and the numbers in
brackets next to each object are the quantity of groups that judged the respective object
to be necessary for lighting up the LED. In total, four groups answered.

The material needed to create the electrical circuit and complete the second
Workshop’ task consisted of a battery, conductive wire, avatar and tape, as shown in
Fig. 9(c). The first three objects were chosen by all the groups and the last one by two

Fig. 17. (a) Children sewing the bracelet; (b) Children showing their bracelets; (c) ready
bracelet.

Fig. 18. Objects and respective number of groups (n) that marked the object as needed to create
the electrical circuit.
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groups (50%). These results indicate some understanding children have on how an
electric circuit works, since all groups chose the materials that are essential for the
purpose. We noticed that two groups marked that they would need LEDs. Although the
task was to create the avatars and connect them to the light pole for the LEDs to light
up, they would not be on the part of the circuit created by the children since it was part
of the model. One group noted that it would require conductive copper tape, perhaps
because it was the conductive material used in the previous workshop. We also asked
the children to name other materials they thought would be required. All groups
answered that they would not need other materials.

At the end of each Workshop, the participants assessed their affective states
regarding the activities performed, using the Self-Assessment Manikin instrument [17],
and issuing opinions and suggestions that were used as feedback for subsequent
workshops. For the analysis of the results we used a scale of 1 to 9 to represent the
affective state chosen by the respondent, where nine means total pleasure, total arousal
or total dominance over participation in the activity, and one means total displeasure,
total disinterest or lack of control. The frequencies of responses are expressed in
Fig. 19(a) and (b) for children and teachers, respectively. Responses with negative
trends are expressed in blue tones (left) and responses with positive trends are
expressed in shades of orange (right); the central item of the SAM (normal pleasure,
normal arousal and normal dominance) is presented in gray (marked with a vertical
line). Over each of the frequencies we present the number of people who chose it.

In general, the children were very happy and motivated with the maker activities,
but not all of them felt in control of the activity. We observed that the activities that
involve artistic skills (crafts) were those with poor evaluation and therefore, these had
the evaluations with more negative trend – see Fig. 19(a). For instance, only the
Fashion Bracelet Workshop had the pleasure and arousal dimensions evaluated (by one
child) with a negative trend while the other tree Workshops were evaluated with
positive trend. In the Fashion Bracelet Workshop, the Dominance dimension was
evaluated with a negative trend by three children (30% of the participants). Some of the
children already had sewing skills, but other children reported that they were afraid to
sew (although the needle did not have a sharp tip) and others reported that they did not
feel comfortable sewing.

Through the results of the participants affective states for the workshops, we
noticed that students engage in maker activities and these activities can be perfectly in
line with their school curriculum. However, inserting these activities in the day-to-day
and in the school curriculum is very challenging, because for this to happen there is a
need of coordinated efforts from the pedagogical staff in the educational space to adapt
teachers practices and to prepare the teachers so that they can design and offer the
maker activities in their classes. The teachers showed less motivation in the activities
whose construction of the artifacts was more elaborate in terms of the complexity of
electrical circuit making (i.e. Fashion Bracelet). Regarding their control of the learning
situation, the teachers presented a response of normal to lack of control, suggesting that
the technological aspects are still a challenge for them. The incremental method applied
in our Workshops could be added to some special training with the basics of the science
behind the scenarios’ construction, as an alternative to face this challenge.
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5 Conclusion

Modern technological tools and applications should be incorporated into the school
environment, to enrich the learning process and to promote the creation of things that
are concrete and shareable. Nevertheless, a path into these technologically-enriched
new learning spaces must be constructed as well. In this work, we present our efforts in
designing scenarios to explore the benefits and challenges of joining maker ideas to the
creative learning approach. We explored the use of technologies, specifically electrical
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Fig. 19. Self-assessment: (a) Children; (b) Teachers. Responses with negative and positive
trends are expressed in blue (left) and orange tones (right), respectively; the central item of the
SAM is presented in gray (marked with a vertical line). Over each frequency we present the
number of people who chose it. (Color figure online)
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circuits, to design and build hands on activities with children and their teachers. Results
point out that children were very happy and motivated with the maker activities, but not
all of them felt in control of the activity. On the other hand, the teachers showed less
motivation in those activities where construction of the artifacts was more elaborate,
suggesting that the technological aspects are still a challenge for them.

In continuation of this study, we carried out a Workshop with special education
teachers, in which they learned to build an electrical circuit to be used with students
with disabilities; analysis of results and impacts are now going on.
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Abstract. The work of a teacher is dynamic. Year after year it is nec-
essary to adjust the contents and the methodology to the features of the
students and the changes in the profession. The authors of this paper
are aware of these needs and have been adapting over time a basic pro-
gramming subject of the degree in Computer Engineering. The objective
of this work is to analyse how the different teaching methodologies used
in an introductory course to programming during several academic years
affect the students’ performance. For this purpose, the students’ aca-
demic performance has been collected (the final grade in the first call of
the subject) and they have been confronted with different input variables:
methodology used (three methodologies: lecture, flipped learning, hybrid
methodology), gender and university access grade. The article shows the
results of this analysis and establishes the possible correlations between
the variables studied.

Keywords: Programming teaching · Teaching methodologies ·
Flipped learning · Lecture

1 Introduction

The teaching-learning process is highly complex as many factors influence its
success. Basically it involves two agents, teachers and students [1].

From the point of view of teaching, the main protagonist is the teacher while
the student acquires all the protagonism considering the facet of learning. In
any teaching-learning model, a structured plan must be drawn up that can be
used to configure a syllabus, to design teaching materials and to guide teach-
ing in the classroom. Many authors present different classifications of teaching
methodologies [2]. Among them, Bruce Joyce and Marsha Weil [3] argue that
there is no perfect or unique methodology, as there is no model capable of coping
with all learning styles. It is evident that each person has a different learning
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style according to his or her individual abilities. This means that the teacher
must be aware of these differences and establish different teaching strategies in
order to reach each student [4]. Even so, within a course the same activity is
seen differently by each student.

These characteristics oblige the teacher, and in our case the university
teacher, to try to improve not only their knowledge on the subject, but also
the way of teaching it. Year by year, they research and put into practice differ-
ent methodologies and techniques so that their students can better assimilate
the knowledge, competences and skills corresponding to the subject [5]. This
motivation on the part of the teacher is important because as time goes by it
improves the way in which the subject is taught.

This continuous change in teaching methodologies generally leads to greater
success in student learning. Although this is the case in most situations, it is
important to analyse the academic results of students year after year. In recent
times, lecture have been widely denigrated in favour of more active methodolo-
gies such as project-based learning, gamification or flipped learning [6].

Computer programming is a basic subject in any computer curriculum. In the
specific case of an introductory course to programming, the teacher asks many
questions about how to teach it. Many doubts arise about which programming
language to use, which paradigm, and so on. The teaching methodology to be
used is no exception: lecture? flipped learning? project-based learning? Regard-
less of the methodology used, it is essential to analyse the results obtained with
it. Sometimes, it is thought that more modern techniques are better than more
traditional procedures. This is not always so, it is important to review the results
obtained to see if effectively using new methodologies makes students learn
better.

This paper analyses different teaching methodologies that have been used
from the academic year 2011-12 to the academic year 2017-18 to determine if
there is a correlation with the academic results obtained. Although the main
objective of this work is to determine whether the methodology influences the
results, other possible influencing factors have also been analysed, such as the
university access grade or the student’s gender.

The document is organised as follows. Section 2 presents the context of
the research. The teaching methodologies are presented in Sect. 3. Section 4 is
devoted to explain how each methodology has been applied. The studies car-
ried out to determine the possible relationships between the variables analysed
(methodology, gender, access grade) and the results obtained (subject grade) are
shown in Sect. 5. Finally, the conclusions resulting from this work, as well as the
possible lines of future work, are presented in Sect. 6.

2 Context

The subject of this research is an introductory subject to programming. It is
taught in the first year of the Bachelor’s degree in Computer Engineering. It is a
degree with a large volume of students, so there is a wide variety of data, about
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a thousand samples. With these data, a study is developed in which the results
obtained in the subject are analysed according to the access grade, the gender
and the main focus of this study, the methodology used.

This subject is the first contact of many students with computer program-
ming. Some of the students, a minority, have notions of this subject because they
have taken a programming course before starting university studies. However,
for most students this subject is the first encounter with this field. This study
will focus on the latter, that is to say, on those students who come from sec-
ondary school and who, therefore, have had little or no contact with the subject
analysed in this work.

It is an introductory subject with the following objectives:

– Ability to solve problems with initiative, decision making, autonomy and
creativity.

– Analyze problems that can be solved by computer and design algorithms to
solve them.

– Implement algorithms using structured programming techniques.
– Understand and know how to use a high level language.
– Understand the implications of the work of a programmer, individually and

as a member of a team.

The content of the course includes data types, control sentences (conditionals
and loops), modular programming, recursion, arrays, records and basic notions
of how to measure the computational cost of an algorithm. The programming
language used is C. Development environments are not used because the subject
teachers are interested in students learning to differentiate basic concepts such
as source code, executable code, compiler, and so on. A Linux terminal is used,
using the commands to call the compiler and to run the program. Although the
use of an integrated development environment would be more comfortable for
them, from the point of view of the teachers, the student learns better the basic
concepts using this system.

The essential objective of the course is that students learn to solve problems
and are able to propose an efficient solution by means of a high level language.

3 Teaching Methodologies

There are multiple teaching methodologies that can be put into practice in the
classroom: flipped classroom [7], micro flip teaching [8], project-based learn-
ing [9], cooperative learning [10], gamification [11], problem-based learning [12],
design thinking [13], thinking-based learning [14], and so on. Normally, the
teacher chooses the methodology that he or she believes will work best with
the students. This would be the ideal case but it is not always possible and does
not always work as expected. The teacher is subject to a number of constraints
that also determine the methodology that can be used:

– Temporary restrictions: the time dedicated to the subject, as well as the
moment in which it is taught, cannot be modified.
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– Quantitative restrictions: the number of students per classroom limits in many
cases the methodology to be used.

– Spatial constraints: for instance, the configuration and location of the tables
in the classroom often does not facilitate the use of some methodologies.

For example, more active and participatory methodologies on the part of
students often require small groups. There are also methodologies that, by their
nature, require the student to have a significant amount of time to research and
usually it is necessary to adhere to an academic calendar that severely restricts
deadlines.

In the subject Programming 1, since the academic year 2011-12, two well-
differentiated teaching methodologies have been used and a combination of both.
The main characteristics of these methodologies are listed below.

3.1 Lecture

This method could be defined as the set of theoretical or practical knowledge
given to apprentices by the master of a science, art or craft [1].

The lecture is the traditional method used in teaching. Although it has draw-
backs [15] (it favours passivity in the student, reduces information sources to the
teacher’s word etc.), it also offers the advantage that it allows the quick transmis-
sion of a large volume of knowledge. In addition, it facilitates the comprehension
of complex knowledge, since the teacher is in charge of simplifying the concepts
to adapt them to the students’ level of knowledge. Part of the teacher’s job in
preparing the lectures is to document himself or herself in an appropriate manner
by consulting various authors on the subject. Therefore, although the student
does not consult other sources of information, the teacher will have done so and
the lessons should show this diversity in knowledge. Another important advan-
tage of the lecture is that the students usually feel more secure in the knowledge
conveyed by the teacher than in their own research on the subject.

A good lecture consists of four phases:

1. Preparation and design: objectives formulation, contents organization, activ-
ities preparation for students. This phase would be prior to classroom action.

2. Introduction: capturing the audience’s attention, establishing relationships
with the group, arousing interest, motivating towards the task, objectives
presentation, introductory general summary, and so forth.

3. Body: content structuring, maintenance of attention and interest, adequate
speed and rhythm, expressiveness, etc.

4. Conclusion: intensified retention, emphasis on main ideas, questions, sum-
mary, etc.

3.2 Flipped Learning

Flipped learning is a methodology widely used today [16,17]. With this type of
technique, students are provided with a series of materials to prepare the course.
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Normally, face-to-face sessions are left to solve doubts or do exercises. Before the
face-to-face session, the student must have worked on the subject in order to be
able to ask the teacher any doubts that may have arisen. It is also common
practice to establish some milestones (report delivery or exercises) during the
teaching period of the subject. These methodologies rely on techniques that
actively involve students and give them a leading role in their own learning.

By means of flipped learning techniques, the student can establish his own
work rhythm. In the specific case of a subject belonging to a university degree,
as it is the subject we are talking about, this is so to some extent. The student
is provided from the beginning with all the teaching materials (both audiovisual
and written). It is obvious that the student can establish a learning rhythm
higher than the one initially set by the teachers, but it is also true that the
student has to respect a minimum speed set by the different deliverable activities,
each of which has a deadline.

4 Practical Implementation

The authors of this work have been teaching programming for more than twenty
years. This section explains in a concrete manner the way in which the subject
has been taught from the academic year 2011-12 to the academic year 2017-18.
Different methodologies and approaches have been followed in each academic
year. All this with the very complicated aim of ensuring that students acquire
the knowledge, skills and abilities involved in computer programming. Differ-
ent techniques have been used in both theory and practice over the years, but
the main changes have occurred in theory. The practical classes have always
been taught in a similar way: the students are dedicated to doing programming
exercises, so that from a given problem, they find an efficient solution in which
they use the appropriate structures, asking the practice teacher when they have
doubts. From one course to another there are some variations in the way of
evaluating the practice. There are always two practice exams, but in addition,
some years some additional control has been incorporated. In addition to this,
there have been courses in which a competition of practices has been organised
to foster the motivation of the students. Table 1 shows in a schematic way the
methodology used in theory and practice classes, as well as other data related
to the way of teaching the subject.

4.1 Lecture

Computer programming is an eminently practical subject. In addition, it is char-
acterized by a double aspect: it presents a rigorously technical character with
methods characteristic of an engineering as well as requiring an important cre-
ative component, as Andy Hertzfeld, co-designer of Macintosh, comments in Pro-
grammers at Work [18]. These characteristics of programming make the lecture,
in its strictest sense, not the most appropriate methodology for this discipline.
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Table 1. Methodology used each academic year

Year Theory Practice Competition

2011/12 Lecture -5 paper controls No

-2 practice exams

2012/13 Lecture -3 paper controls No

-2 practice exams

2013/14 Lecture -peer reviewed paper
control

No

- access to a practice
requires that a
particular exercise of the
previous practice has
been delivered

-2 practice exams

2014/15 Lecture -peer reviewed paper
control

Yes

-2 practice exams

2015/16 Lecture -peer reviewed paper
control

Yes

-2 practice exams

2016/17 Flipped learning -2 practice exams No

2017/18 Hybrid methodology -2 practice exams No

It is necessary to incorporate multiple examples during the exposition, as well
as to intercalate practical activities to be developed by the students.

From year 2011/12 to year 2015/16 the lecture with examples and practi-
cal exercises has been the methodology used for the theoretical sessions of the
subject. It is important to point out that although all teachers share the same
teaching material, the characteristics of the specific group of students to whom
the session is addressed, as well as the character of the teacher, greatly influence
the way the session is given. Working with a small group of 20 students is not
the same as working with a group of 100 students. Similarly, the attitude of
the students, which has a great influence on the final result, may also be very
conditioned by their profile: age, access studies, family situation, etc.

Although the lecture usually requires little or no student participation, this
is not really how it develops in our classes. During the session, concepts are
explained and student participation is encouraged through exercises, compar-
isons with real situations, comments on habits and even exposition by students
of their own proposed solutions.
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4.2 Flipped Learning

A class based on flipped learning requires prior involvement of the students,
which seems to be ideal for this subject. For this reason, in the academic year
2016/17 the teaching staff of the subject decided to implement this methodol-
ogy for the theory sessions. At the beginning of the course all materials were
provided, as well as the planning of deliverables. Approximately every week, the
students had to deliver some basic programming exercises corresponding to the
theoretical concepts on which they were going to work during the face-to-face
session. It is important to point out that the students had to review the materi-
als and send the deliverables before the face-to-face session, that is, without the
teacher having explained anything about this topic. The first part of the session
was dedicated to solving doubts, as well as to commenting on the main errors
detected in the deliverables sent. This meant that the teacher had to review the
deliverables before the face-to-face session in order to be able to address errors
in the exercises. The second part of the session was devoted to solving more dif-
ficult exercises. Specifically, 12 deliverables were planned for the period between
September and December.

An important part of the teacher’s task during the correction was based
on providing feedback to the student. This task was very laborious, given the
volume of students enrolled in the subject, but very useful in motivating the
delivery of the exercises.

4.3 Hybrid Methodology

The implementation of flipped learning during the 2016/17 academic year pre-
sented some drawbacks. The first topics corresponding to simple concepts such
as conditionals or loops did not present much difficulty. The students managed
quite well with the supplied materials and were able to solve the deliverables
without major problems. The complications started when they started working
with the modular programming materials. In spite of the fact that the materials
had a special emphasis on the parameter passing, as well as on the decomposition
into modules, the students did not assimilate it correctly and had difficulties in
making the deliverables. It is also true that in previous courses, in which lecture
were used, this topic had always generated many complications.

The other major problem that arose was due to the enormous amount of
exercises that the teacher had to review before each face-to-face session in order
to be able to address the main faults detected.

Given the volume of students each teacher had, an excessive amount of time
had to be devoted to reviewing deliverables properly and providing students with
feedback on their work. As mentioned above, individualised feedback is essential
for the students to learn from their mistakes and be able to progressively improve.

The main problem, though, arose when students, lacking the habit in this
type of methodology, considered that it was essential to provide correct exercises
and frequently resorted to copying them from other classmates or other sources.
They had been strongly insisted that the important issue was to perform them,
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even if they were not functioning well, since the aim of this type of task is
to think, to analyse the problem and thus see whether or not one is capable of
providing a solution. However, if the student did not make his own developments,
the main advantages of this methodology were completely lost. Actually, the
problem of applying this methodology is not the methodology itself, but the fact
that since they have started school they have been taught to memorise and then
release what has been memorised. Rarely have they been taught to think [19].

Analysing the problems derived from the use of this methodology, it was
decided to implement in the academic year 2017/18 a hybrid methodology in
which for the initial topics (conditionals and loops) the flipped learning scheme
was followed. Two deliverables corresponding to these two topics were pro-
grammed. For the rest of the topics of the subject, a lecture scheme was fol-
lowed, complemented with 4 deliverables corresponding to modular program-
ming, recursion, arrays and records. In addition, the students were provided
with an automatic corrector that they could apply to the modular programming
and recursion deliverables. If they used the template supplied for these deliver-
ables they could run their programs with different test cases and the corrector
indicated whether or not there were operating errors.

Both teachers and students have perceived that this hybrid methodology
provides more satisfactory results. However, the problem of copying was still
present. This is an issue for which no solution has been found, since the aim of
the deliverables is for students to work and make mistakes, but they prefer to
copy an exercise that works from another colleague.

5 Results

This section shows a detailed analysis of the results obtained by students from the
academic year 2011-12 to 2017-18. Although each course has followed different
techniques to teach the subject, it could be said that basically three techniques
have been used:

– Lecture: from year 2011-12 to 2015-16. Data are available for 888 students.
– Flipped learning: year 2016-17. Data are available for 148 students.
– Hybrid methodology: year 2017-18. Data are available for 141 students.

The technique followed to find out if there is a relationship of dependence
between two variables has been the technique ANOVA (ANalysis Of VAriance)
[20,21]. Following the terminology of this technique, the independent variable
will be called factor and the dependent variable will be denoted as response. In
this work, a one-way ANOVA will be applied since only one factor is analysed
for each case presented. The application of the ANOVA technique is based on a
hypothesis contrast. The null hypothesis that is contrasted is that the population
means are equal:

H0: means are equal
H1: means are not equal
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If the null hypothesis is accepted, it means that the population groups do
not differ in the mean value of the dependent variable and therefore the mean
value can be considered independent of the factor. In order to contrast the null
hypothesis, the value of Snedecor’s distribution F is calculated and if it is greater
than the critical value, the null hypothesis is rejected [22].

Given that there are three methodologies to be analysed, the data have been
grouped into three groups: one for the years in which lectures have been used,
another for the year in which flipped learning was used and another for the
hybrid methodology.

The objective of the study is to detect whether the teaching methodology is
related to the results obtained in the subject. In addition, it also aims to analyse
other factors of possible influence such as the student’s gender and the university
access grade. In order to be able to apply the ANOVA technique, the groups
under study must follow a normal distribution. Figure 1 shows the distributions
of the grades for the three teaching methodologies and for the gender of the
student. As can be seen, the distributions of population groups can be assumed
to be normal.

Each academic year there are two calls to pass the subject, so that students
who fail the first call have the opportunity to pass in the second. In order to
make the contrast in the most similar conditions between years, only the first
call of each academic year analysed has been considered. In addition, repeat
students have not been considered, since they could affect the result since the
second year they take the subject they already have knowledge that the rest of
the students do not have.

(a) Teaching methodologies (b) Gender

Fig. 1. Grade distributions

5.1 Teaching Methodology - Final Grades

This section shows the study carried out between the teaching methodology used
and the final grade obtained by the student.

Applying the ANOVA technique gives a value F = 14.6742124, the critical
value is 3.0033766. Since the value F is greater than the critical value, the null
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hypothesis is rejected and it is concluded that there is a relationship between
the teaching methodology used each academic year and the grades obtained
by the students. Figure 2 shows a diagram representing the final grade for the
three methodologies analysed. The line joins the average grade obtained for each
methodology. It can be seen that the average grade has increased slightly with
the hybrid methodology.

These results confirm the initial impression of the teachers of the subject
that the use of a combined methodology presents the advantages of the two
methodologies used and at the same time compensates for their shortcomings.
This subject is developed during the first four-month period of the first year.
The students have just begun their university life, are a little disoriented and
do not know how the University works. A pure flipped learning methodology
is too radical for them, while the lecture makes them maintain a too passive
attitude. After trying different strategies, it seems that what works best is to
combine both techniques to take advantage of the lecture for complicated con-
cepts while simpler concepts can be assimilated with a more student-dependent
methodology. In addition, the fact of introducing some content through flipped
learning prepares the students so that in later courses they can introduce this
methodology in a more complete way.

Fig. 2. Mean and standard deviation: Teaching methodology - Final grades
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5.2 Gender - Final Grades

In this case, the study carried out between the student’s gender and the final
grade obtained is shown. Data are available for 162 women and 1015 men. Com-
puter Engineering is a degree whose students are mostly men, due to this fact
there is so much disparity in the number of samples.

When applying the ANOVA technique, a value of F 1.43 has been obtained,
the critical value being 3.84. Given that the value of F is lower, the null hypothe-
sis is accepted, which means that the population groups do not differ in the mean
value of the dependent variable and therefore this mean value can be considered
independent of the factor.

Figure 3 shows a diagram representing the mean and standard deviation
obtained in the subject grade for the two population groups: men and women.
There are no significant differences between the two groups.

Fig. 3. Mean and standard deviation: Gender - Final grades

5.3 University Access Grade - Final Grades

This section shows the study that has been carried out between the student’s
university access grade and the final grade obtained by the student. The number
of samples available is 1177.

In this case, since both variables are quantitative, a linear correlation analysis
has been performed to detect possible relationships between the variables [23].
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There are several coefficients that allow quantifying the degree of linear relation-
ship between two variables. In this case the correlation coefficient of Pearson [24]
has been used. The value obtained was 0.5. This is a middle value that indicates
that there is a moderate linear relationship.

Figure 4 shows a diagram made for the two variables object of this analysis:
university access grade and final grade obtained in the subject. Students who
have a very high access grade (12–13 points), obtain high grades in the subject.
On the other hand, students with low access grades (5–7) obtain low average
results in the subject. In the latter cases, the variance has high values. This may
be due to the fact that there are students who have a low access grade because
the access grade measures the average of the subjects that the students have
taken in their pre-university stage, where there are subjects that they do not
like or they are not good at. When the students begin their university stage,
they are taking a discipline closer to their preferences.

Fig. 4. Mean and standard deviation: University access grades - Final grades

6 Conclusions and Further Work

This study has served to verify possible factors of influence on the final grades
obtained by the students in a course of introduction to programming.

In order to carry out the study, the ANOVA technique was used, based on
a hypothesis contrast. After compiling the data of the students of the degree
in Computer Engineering from the academic year 2011-12 to the academic year
2017-18, different analyses have been carried out to determine the relationship
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between the final grade obtained by the students and variables such as the teach-
ing methodology used, the gender of the students and the university access grade.

The first study has shown the results of the ANOVA technique between the
teaching methodology and the final grade. Analysing the results obtained, it is
detected that the use of a hybrid methodology (lecture and flipped learning)
seems to be more convenient for the subject under consideration.

The second study analysed the relationship between the gender of the stu-
dents and the final grade. In this case, there is a great difference in the number
of samples between both populations, since it is a degree in which the majority
of students are men. However, the analysis carried out allow us to state that
there are no significant differences in the subject grade between both groups.

The last case shown analyses the relationship between the university access
grade and the final grade. For this last study, a linear correlation analysis has
been carried out since both variables are quantitative. The correlation coefficient
obtained indicates that there is a moderate linear relationship between both
variables.

This work is considered the seed for future research where other possible
influencing factors will be analysed. In addition, it is also intended to perform
factorial variance analysis with ANOVA models where the influence of two or
more factors on the dependent variable is studied. In these experiments the
interaction of several factors can be considered.
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9. de Los Ŕıos, I., Cazorla, A., Dı́az-Puente, J.M., Yagüe, J.L.: Project-based learn-
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11. Llorens-Largo, F., Villagrá-Arnedo, C., Gallego-Durán, F., Satorre-Cuerda, R.,
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Abstract. This paper aims to detail the changes in two BIM construction
courses of the architecture degree at the American University of Ras Al Khai-
mah (AURAK), and the process of analyzing the data collected from them. At
the course level we explain the changes effected in the grading criteria and the
adaptive approach of the teaching material. At the methodology level we
describe the types of data collected and the statistical analysis methods. These
elements will establish a clear reproducible pedagogical methodology, clarifying
its benefits and scientific, reproducible and proven analysis method.
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Enhanced learning � User centered evaluation � Motivation � Satisfaction �
User profile

1 Introduction

Universities in the United Arab Emirates (UAE) are facing a challenging problem in
terms of lack of effort, rigor and punctuality from the students, specifically within the
architecture program as it is a creative degree which has less structure than other
engineering processes. Additionally, Business Information Modelling (BIM) is an
innovative development in the AEC industry that is increasingly in demand and more
gradually being implemented in AEC curricula, which adds a layer of complexity to the
problem. The usual result in such a circumstance is that the faculty are forced to lower
expectations within their courses in order to create an environment where these
expectations are in sync with the amount of work produced by the students.

In order to improve this situation and create a more competitive environment while
improving student motivation, the authors changed grading and project submission
policies in order to encourage students to take on the responsibility and ownership of
creating their own schedule tailored to their abilities and interests. In this way the
students will develop their knowledge at their own speed, allowing advanced students
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to progress faster and those needing more time to build confidence by giving them the
tools to complete the course at their own pace.

In this experiment we created two different approaches, one linear approach where
the students are required to follow a single path sequentially, with each step more
challenging than the last; and another adaptive approach which has two paths – a linear
one which encompasses the basics of the course and must be completed by every
student, and optional assignments which will deepen student knowledge of each course
segment and will allow for more credit to improve overall grades.

2 Related Work

2.1 Building Information Modelling (BIM)

Building Information Modelling (BIM) has been recognized as a pivotal point in the
development of the Architecture, Engineering and Construction (AEC) industry.
Whereas traditionally the various stakeholders involved in the design, construction and
management of a building worked largely independently, BIM allows these parties to
have real-time access to shared information in order to develop and produce a project
cooperatively. It is not a single tool, rather it is a centralized database where infor-
mation on a single model/project is uploaded, used, and downloaded using different
tools. Common factors in different definitions of BIM include a common database;
interoperable information; a whole-life informational model (from a building’s design
to its demolition); and demonstrable advantages, namely increased efficiency and
productivity [1].

In 2009 Farid stated, “Twenty years ago, AutoCAD pushed designers into a new
era; BIM represents a new generation of virtual model already widely accepted by the
industry” [2]. The adoption of BIM within the AEC industry has expanded, such that
now many governments globally require the use of BIM, recognizing the clear benefits
to costs and workflow [3]. Consequently focus has turned to academia, as AEC
graduates and professionals need BIM skills and experience, however most curricula
have not fully adopted the BIM methodology [4, 5].

One challenge for institutions in implementing BIM (and the new BIM Information
Technology (IT) tools) in their departments has been logistical – whether it should be
introduced in an individual course or across the entire curriculum. There is limited data
on the practical implementation of BIM within the curriculum; [6–10] however some
have suggested a tiered approach where BIM is introduced in a single subject, then
across disciplines with subsequent emphasis on the collaboration and teamwork that
BIM demands, culminating in actual construction projects in conjunction with AEC
professionals in the final year [11, 12].

The demand for BIM in the AEC industry, the unique and innovative nature of
BIM, and the lack of concrete data as to its implementation within the AEC curricula
make this study of critical importance for further integration of BIM in academia.
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2.2 Mixed Methods Research

A mixed method methodology is ideal for gathering and analyzing data from a smaller
pool of subjects, as encountered in this study. As the name suggests, this method
combines quantitative and qualitative aspects to accomplish a deeper understanding.
Quantitative methods use objective questions to generate “hard” data that is useful on a
large scale to generate statistics and create graphs or tables of the resulting analysis.
Traditionally these methods are more associated with the natural sciences, statistics and
other related studies.

The data from qualitative methods is more subjective, generated by observation,
case studies, interviews, etc. which are commonly associated with the social sciences.
The collection of the data is more labor-intensive, both in formulating the questions and
collecting and analyzing the information generated. Because of this complexity,
qualitative methods are usually conducted on a smaller scale. The advantages of using a
mixed method over either method individually is that the two methods can work
together to fill any gaps and produce more refined results [13]. Quantitative methods
can enable the researcher to determine the critical elements that warrant further
investigation, allowing the qualitative research to focus on those significant areas and
provide richer data [14].

2.3 Adaptive Learning

The focus of adaptive learning is a customized learning experience that is adapted to
each individual student, in order to give students a central role in their learning
experience to boost motivation and maximize learning potential [15]. The student and
instructor cooperate and interact to create the ideal learning environment, individually
personalized. There is a range of possible approaches, but all are focused on tailoring
the learning experience to each student in order to “stimulate his learning process and
to encourage his involvement in this process [15–18]”.

Importantly, while latitude is given to students to shape the course to maximize
their experience, the role of the instructor/tutor is still necessary for setting the criteria
and configuring the course elements that are required; modification can include a range
of elements, such as content covered, time needed to complete assignments, order in
which topics are learned, assessment methodologies, interface options for introducing
course material, etc. [15].

The interest in adaptive learning includes motivation of the student. Pintrich and De
Groot propose three components to self-regulated learning – cognition (planning,
monitoring and modifying), effort (management and control of focus), and cognitive
strategies (methods students use to learn, remember and understand) [19]; however they
likewise acknowledge the need for student motivation in order for a self-regulated, or
otherwise individually-adapted, learning environment to be successful. They identify
three motivational elements: expectancy, a student believes himself capable of com-
pleting a task (self-efficacy); value, a student understands and believes in the importance
of, or has interest in, a task; and affective, or emotional reaction (e.g. test anxiety) [19].
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Milosevic et al. addressed adaptive learning and motivation directly in a study
where course material was designed to be delivered online and adapted to individual
student’s learning style preferences and level of motivation. Motivation was deter-
mined by similar elements – intrinsic motivation, self-efficacy, engagement and test
anxiety. Students with greater motivation and interest were designed lessons with more
content covering multiple learning outcomes at greater depth at once, whereas those
with less motivation were given core content material only, with additional in-depth
material optional.

An adaptive learning system developed at the college level was shown to be
effective in improving learning achievements and performance by Tseng et al. [20].
They designed a course in two manners – a traditional, sequential framework and an
adaptive modular framework consisting of individualized sections of 38 learning
objectives in total. Sixty-four students were given a pre-test to establish equivalency,
then they were divided into two groups, experimental (adaptive, modular course) and
control (traditional course). After completing the course a post-test was given, in which
the experimental group showed a “significantly better” academic performance, and
91% of whom found the adaptive course material “suitable”. After completing the
course analysis, and conducting a qualitative interview, results “concluded that the
adaptive system is innovative, helpful, and well-developed enough to foster students’
learning” [20].

3 Data Analysis Methodology

The main objective of this study is to create, compare and analyze two similar adaptive
learning methodologies, and compare and contrast them with previous traditional
methodologies used in prior semesters. Two BIM construction courses (Construction II
and IV) from the Architecture curriculum are redesigned and serve as the subjects of
this study. Each course was changed from a BIM Project-Based Learning (PBL) format
with a traditional methodology, to an adaptive learning process where the student can
work their own path at their own speed, depending on their skills and interests, to
complete the different assignments.

The analysis and comparison will be defined using a well-established mixed
method (as more fully explained in the journal articles of Fonseca and ourselves [7, 13,
14, 21, 22]), using two surveys, grades, graded samples from course files and student
interviews. All data gathered will be combined in a quantitative and qualitative
methodology. The quantitative statistical analysis for short samples will be comple-
mented by a qualitative analysis which supplies supporting and explanatory data. The
combined analysis measures student motivation, satisfaction and performance in the
courses, comparing and noting any improvements from previous semesters. It will also
provide the student point of view throughout each process in order to highlight any
strengths and/or weaknesses from the adaptive learning method.
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3.1 Statistical Analysis Tools for This Research

The quantitative data obtained in this research will come from the surveys and grades,
mentioned previously and explained in the referenced journals [7, 14]. In order to
analyse the data, we need first to understand the type of data we will collect. The size of
the classes is fewer than 25 people in each; such small samples cannot be tested
correctly for normality, so it cannot be assumed. If normality of the sample is not
proven, we are not able to use the P-test, T-test or ANOVA, as all these statistical tests
are only accurate when used with normal distribution samples. Therefore non-
parametric tests are utilized, which are more accurate for non-normal samples.

It must be noted that two kinds of data will be gathered in this study for analysis:

• Different groups of students in the same course, re-designed with a different (non-
traditional) methodology, in order to understand the pros and cons of adaptive
learning in the course.

• Different student groups at different points in their construction courses, to compare
both of the adaptive learning methods proposed, in order to understand which one
would be more successful in raising student motivation and performance.

This kind of data should be considered as independent samples, as we are testing
the results in different study subjects. It will be tested two-by-two (as pairs), using the
two samples comparison test developed by Wilcoxon (1945) [23] and Mann-Whitney
(1947) [24], and as recommended by Fay, Proschan, Depuy and Neuhaser [25–28]. The
described test will be used for analysis of the day-to-day study throughout the course.

For documents, requiring the analysis of a larger amount of data and comparing it
in a common margin, we will follow a multiple pairwise comparison using the Steel-
Dwass-Critchlow-Fligner procedure/two-tailed test. This test compares the median/
means of all pairs of groups using the Steel-Dwass-Critchlow-Fligner pairwise ranking
nonparametric method, and controls the error rate simultaneously for all k(k + 1)/2
contrasts [29].

In this manner we can test all the values for one variable at the same time for all the
courses, thereby achieving an understanding of the overall evolution of the variable.

3.2 Qualitative Data

There are three kinds of qualitative data which we collect in this research: first,
feedback extracted from the questionnaires; second, interviews after all students have
finished their construction courses; and third, the graded samples.

In both pre-test and post-test questionnaires we introduce one final qualitative
section where we will receive varying inputs from the students. In the pre-test this
section will inquire about the different tools students think should be used to teach
construction, design and other courses. In the post-test, it was initially decided that the
students would be given the opportunity to highlight the best and worst elements in the
course and how they could be (further) improved; however, ultimately we removed this
section from the post-test. The reality is that most students are reluctant to answer these
questions, and if included as mandatory in the online questionnaire most of them would
write either very few things or comments that are not relevant; truly relevant issues will
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likely be the same as would appear during student interviews. This consideration
prompted us to delete the qualitative questions on the post-test, and to focus the post-
course qualitative data mainly in the interviews where there is a more accurate, genuine
and relevant interaction with the students [30, 31].

It is important to highlight that the post-test questionnaires will also be adminis-
tered after students finish the course, so that the students can be more sincere, honest,
and open to talking about any issues encountered. The questions are directed to dis-
cover and understand: student opinions about the course; suggested improvements to
the course; ideas for how to coordinate the use of different Information Technology
(IT) tools within the course; their satisfaction towards BIM tools; their motivation and
intention to use Revit in their future studies and work; and the need to implement Revit
as a BIM software in the university.

Student interviews will be performed after finishing the course, so that the students
can be more sincere, honest, and open to talking about any issues encountered. The
interviews will be conducted in a relaxed environment at the AURAK campus under
the direction of researcher Jose Ferrandiz. In these interviews the students will have the
opportunity to explain their feelings and opinions about the course, their performance,
and the new IT and why they believe they were successful (or not) in using it. The
responses collected in the quantitative tests are on a scale of 1 to 5, without the
possibility to explain (qualitative data); so after finishing the construction courses,
when students have a comprehensive view and experience of the entire program, they
are then given the opportunity to provide feedback and their sincere opinion about the
process, the course, BIM and related new IT tools, how they dealt with these tools, and
whether they will continue using them after this stage.

During the interviews the interviewer will note any comments, and immediately
afterwards read them back to the interviewee to confirm accuracy, allowing for recti-
fications or modifications in the notes to ensure that all opinions are accurately rep-
resented. Following the interviews, all statements are categorized and organized in a
way to generate meaningful conclusions and calculate percentages of the students
interviewed who held one opinion or another.

Student graded samples will be collected and organized by course, group, grade and
assignment. These samples are to be used to double check the grading, but most
importantly it will provide a database allowing the comparison of completed courses
and the introduction of BIM in other courses which were not a subject of this study.

The qualitative data is a critical element in a mixed method research because it
provides a measure of depth to the consequences of our study that a purely quantitative
data approach could not provide.

4 The Case Studies

As mentioned above two courses were re-developed for this study – Construction II
and Construction IV, changing from traditional methodology BIM Project Based
Learning (PBL), to an adaptive learning process. In actuality we created two different
methodologies of adaptive learning in order to compare the data from both and
determine which is more effective.
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1. The first design has two paths. Two types of assignments are created for each
chapter: type A are basic assignments providing concepts, fundamental under-
standing of the elements and basic skills; type B will provide advanced knowledge
and skills in the same subject area.

a. When a student completes and passes a type A assignment, a type B
assignment will be released from the same chapter in addition to the next type A
(related to the next lecture).

2. The second design is linear. Course chapters will be arranged by complexity and
each assignment will lead to the next one on a linear basis.

With the first design the student is able to develop basic skills for all the chapters
studied, and obtain advanced knowledge on those topics where he has the interest
and/or motivation to improve; in the second the student can use as much time as needed
to complete each task but they must all be finished in order, therefore if a student has
difficulty with one assignment it can negatively impact the rest of the course. Each
method has its benefits, and their individual effect on student performance, motivation
and satisfaction will be measured in order to understand which one would be more
effective, and to determine the relative benefits and disadvantages of each.

4.1 Changing the Grading Criteria

In order to improve student motivation and effort, the grading criteria will be changed
from the traditional way, where the students are not fully informed of their status and
feel that they are losing critical points with each assignment, to a simplified grading
system where students increase their grades depending on the knowledge acquired.
This is stated in the syllabus as follows:

• This course will be evaluated on a basis that is different from the rest of the courses.
We will be using an adaptive learning environment, where the assignments will not
have a specific due date. Every assignment will be evaluated from 1–10, and the
student will need to earn at least 7 points in order to be able to continue and open
the next assignment.

• Each one of you can use the time you need to properly complete each task,
depending on its requirements and your skills. You will need to learn and under-
stand each chapter before advancing to the next task, assessed by the assignments.
You won’t be able to advance to the next level until you complete the current one.

• You must fulfil at least 60% of the assignments in order to pass the course, con-
stituting a minimum of six assignments and the portfolio; after assignment 6, any
completed assignment will increase your grade. The grading criteria will consider
all grades, but it will always align with the following Table 1:

• For those who seek to earn an A grade, all the assignments but one should be
finished and graded with a minimum score of 9. There will be other optional
assignments which will help to improve your grade, but these will not count as one
of main ten.
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Using this grading criteria the students will know their course standing and grade at
all times throughout the course, and will know what they need to do in order to get a
higher grade; it is anticipated that this will improve the organizational and self-
responsibility skills of the students, who will have more ownership over their course
performance and grading and a clear awareness of how to earn the desired grade.

The students will need to reach a minimum level at each stage in order to continue
with the next concept; if they have not reached that level, they can review extra
material that will be provided or ask for help from the instructor until they reach it. By
this method it is suggested that student motivation will increase, while assuring that any
student who passes the course has at a minimum a clear understanding of the basic
concepts.

There are two possible benefits from these changes: first, this process will provide
the student time to fully understand each concept at his or her own pace, as explained;
second, and importantly, instead of potentially losing points with each assignment,
which can frustrate some, students move forward and their grades progress as they
advance in their studies, which should encourage them to work harder. While in the
traditional system a student who earned a poor grade on initial assignments may find it
difficult to get good grade in the course, by this adaptive process we will help them
until they complete each assignment properly and earn the required marks, while
ensuring they have a solid foundation in the course material.

4.2 Works Submission, Lectures, Examples and Extra Information

It is expected that the students will attend all the course lectures, and cover the same
chapters. In order to accomplish this, although the assignments are related to the
lectures these elements will be disconnected. Everyone in the class will experience the
same lectures at the same time, but each student will work on the assignments to
cement the understanding of each concept on their own path. This process doesn’t
evaluate the student by their assignments, but by how much knowledge they have
acquired during the semester.

In order to help in this process, the assignments are released only when the student
has acquired the knowledge from the prior lesson, which will help them to advance. We
have also prepared a complete package to help the student on the learning process,
comprised of several items:

• Lecture pdf, which allows the students to review the concepts explained during the
class;

• Examples of previous students’ work, which we also review and explain during the
lecture, including the strengths and the weakness of each;

• Checklist of the minimum requirements for the assignment to be completed;

Table 1. Comparison of the phases of the two frameworks

Assignments fulfilled As1–5 As6 As7 As8 As9 As10

Maximum grade possible F D+ C B− B+ A
Minimum grade possible D C− C+ B A−
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• Video tutorials of additional skills which could be helpful for the assignment;
• Additional material – such as construction process videos, real examples, codes

related to the assignment or any other relevant information available.

All this material is shown as a package at the same time as the assignment. Most of
it is not new, as it will already have been discussed during the lectures and will be
reviewed again during the lab sessions as one-to-one training with each student. It is
very important to provide the material only for the current and previous assignments, so
the student can use it without distractions or overload of materials/information. A lack
of information can be a problem, but too much information without filters is likewise
problematic and can overwhelm and/or distract the student from the target.

By this methodology the student can focus on one concept at a time until they reach
mastery and then advance to the next step, while providing each student with their own
time to take in the information and cement the knowledge as the foundation for the next
step.

5 Conclusions

In furtherance of this research, we have created two different adaptive methodologies to
be introduced in construction BIM courses at the degree of architecture, in order to
improve student motivation, effort and performance/results. These methodologies
provide the students the opportunity to learn and work at their own speed, allowing
more advanced students to gain further knowledge while affording every student
enough time to properly learn and internalize each concept.

These methodologies are analyzed using a mixed-method methodology which uses
both quantitative and qualitative data in order to provide statistical analysis and greater
understanding of the underlying causes.

The application of adaptive learning to the architectural degree, and mainly in a
BIM project-based learning experience, is unique; therefore this research can lead to
the improvement of the learning process at the Architectural program.
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Abstract. People became to have convenient lives in ICT society using the
Internet. However, convenience is not the purpose to live. It is only the method
to get something or know something quickly. Especially for learning, students
have to overcome many obstacles actively to know and get knowledge. How we
make an attractive point to be interested in the object? For active learning, we
have researched applications to make some attractive points for students using
psychological methods. Also, we had to arrange much information to make a
point in cyber-physical environments. This paper explains about 2 kinds of
applications. One is an application for inside studying using a Player versus
Player (PvP) game. Another is for outdoor studying using Bluetooth Low
Energy (BLE) beacon at the national park in Nikko. We developed applications
of e-learning not for convenience but to feel beyond the smartphone screen.
According to our experiments, such application makes students active to know
about the subject.

Keywords: Computer aided education � Active learning � BLE beacon �
PvP game � Cyber-physical environment

1 Introduction

1.1 Tools for Active Learning at the Convenient Society

Education level in Japan is high. According to the results of TIMSS 2015, which
continues the long history of international assessments in mathematics and science
conducted by IEA – the International Association for the Evaluation of Educational
Achievement [1], Japanese students were in the grade of top 5 average score in the
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fields of mathematics and science both at elementary schools and at junior high
schools. However, the research also told that they did not enjoy such works. For
example, only 52% of Japanese students, the 8th grade, answered mathematics was
joyful (cf. International average 71%). 66% of Japanese students answered science was
joyful (cf. International average 81%) [2]. It is a problem that Japanese students have
less motivation for learning. It is crucial to consider how we can improve students’
ability and raise their motivation for learning.

Nowadays, people enclosing young students connect many intangible objects at the
ICT society. However, it is difficult for young students to imagine intangible things.
Many websites contain useful information for students. However, they tend to look
over such information passively. What are the practical methods for young students to
add information to their stock of knowledge? Make a point which students focus on,
and they are interested in it. We have studied applications for that purpose. If students
notice something that is not perfect (someplace is lacked), they urge to know complete
one and would be attractive to know it. Human beings tend to be interested in
something unfinished, and students tend to know about the lack points to finish their
learning. We aimed to create applications to connect other place or other time using
psychological approach. Then they can learn such expanse of space and time with our
applications. Figure 1 shows the map of our case studies. There are two axes; one is
“Space-Time,” another is “active-passive.”

In the following parts of this paper, we explain each case study. After explaining
about related works in Sect. 2, we mention our two applications in Sect. 3. Then
Sect. 4 tells the results of our researches. Finally, we mention conclusions and our
research for the future.

P to P
Tanka lesson

in the
classroom

Inside :
Expanse of Space Outside:

Expanse of Time

P v P Game
Connect to foreign country

Outdoor app for
before, on me,
a er the trip

Landscapes of
other seasons

Ac ve

Passive

TimeSpace

(Travel applica on for convenient)(Usual lesson in the classroom)

Fig. 1. Case studies of inside and outside
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2 Related Works

2.1 Game (for Inside Studying)

We created an application for active learning in the classroom or house using a PvP
(Player versus Player) game. The use of game thinking and game mechanics is getting
more attention as a means of self-motivated and sustained behavioral change.

Gamification is not equal game. However, there are common elements. “Gamifi-
cation Platform for Supporting Self-motivated and Sustained Actions” [3] indicates the
effectiveness of the games. The Researchers had experiments at the elementary school
[4]. In the paper, young students enjoyed the lesson using animation with a mission for
them.

McGonigal told that the failures in the game are very light and players can make
many failures in “Reality is Broken: Why Games Make Us Better and How They Can
Change the World” [5]. Also, the success in the game is visible as some items such as a
treasure, extraordinary powers that encourage players and make players active. Using
these elements, we designed our application.

2.2 Psychology for Tourism (for Outdoor Studying)

Students visit famous places for several days with their classmates and teachers in
Japan. We created another application using psychology in such few days outdoor
studying. There are several works about psychology and tourism. Pearce and Stringer
[6] studied from the viewpoint of physiology, cognition, and individual variation.
Fridgen [7], van Raaij [8], Sasaki also studied this field. Especially, Sasaki mentioned
that trip had three scenes: before the trip, during the trip, and after the trip [9]. It means
that a trip is not only enjoying the trip itself but also planning to increase expectation
before the trip and remember the memory of the trip after returning home.

3 Our Case Studies

3.1 Inside Use Case: Expansion of the Space

At first, we have developed an application for young students using SNS, which was a
closed system in the school. Using this system, students talked to each other and
created a lot of traditional Japanese poems, TANKA. Students created TANKA, and
then they sent comments to other authors. Some comments were written with rhymes
naturally. This process is similar to Japanese olden methods to write TANKA [10–12].
In the course of this experiment, it was found that young students who belonged to
acquirement failed a lot to do their works. However, they learned how to use the system
among making failures. We had to tolerate to make such mistakes for their acquire-
ments. However, even the slightest mistake can be fatal in the ICT society. Then for
usage in the classroom or at home, we created a PvP game for learning, named
Fevordio, Sanze Learning System [13] (Refer to Fig. 2 and Table 1).

Students check the knowledge using the card game. They sometimes fail. However,
it is not such a big problem to fail in the game. They can fail in the game. They study
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the subject themselves and then remotely battles with the other members using ques-
tions which they choose. “the win and loss records” describes the battle score (Refer to
Fig. 3). The characteristic points of this battle learning are as followings.

• Self-study: The results of each personal usage; accuracy rate and frequency of use,
are recorded. The database is designed to follow the results and choose the degree
of cards by AI to study low percentages of attendance.

• After using the card several times, students not only answer or choose the cards but
also can make questions. They become positive parts of this battle.

• 3D database shows relations of cards visually. (Refer to Fig. 4). The cards are
increasing and become big data because teachers and students create new ones
using this application. Many data is arranged and became 3 databases by AI. For
example, if the same word is found in 2 cards, they are connected in this database.
By using this system, cross-curriculum learning becomes possible, and students can
learn the subject multilayered.

• Create membership groups and members can sharing content within the groups.

Fig. 2. The screen to choose the card (quiz)

Table 1. The explanation of numbers at Fig. 2

No. Item Description

1 Card list
category

Click category name to display cards in each category

2 Card list Display card information (card no., question and card type) of
selected category. Click on list to select a card

3 OK button Submit selected card to the sever
4 Card

thumbnail
Display thumbnail of selected card
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3.2 Outside Use Case

3.2.1 Our Previous Orienteering Application
We developed an application for outdoor studying using Bluetooth Low Energy
(BLE) Beacon in Nikko, the world heritage site in Japan. At the quiz function in this
application, we urged students to attend traditional objects actively. The quiz function
made students look at one point in the landscape. This function provides a new learning
model for outdoor studies using Zeigarnik effects; human beings take an interest in
uncompleted or interrupted tasks [14]. Some desire or some stress, which includes the
uncompleted part, can keep memory longer until the desire is fulfilled. In other words,
the tasks that have been completed are recalled less well than tasks that have not been
completed. In the case of school trips, if there is something uncompleted and know the
answer, the memory of the point may remain longer. Students become active to the
object using this smartphone application. For example, after answering the animal
written in a famous picture, they looked up the building and ascertained the animal in
the picture. The results of experiments students remembered the objects and evaluated

Fig. 4. The screen to choose quiz cards in 3D display

Fig. 3. Question & answer screen (on PC)
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great history and culture in Nikko not only in Nikko but also after 2 months in 2016–
2017 [15–18].

3.2.2 Application at the National Park
Based on the results of those experiments, we developed a new application (Refer to
Fig. 5) Using BLE Beacon, students can get information just around the area. We set
beacons in the national park in Oku-Nikko, where is the west of world heritage area
with beautiful marsh registered under the Ramsar Convention [19]. Two psychological
effects were used in our application for Oku-Nikko. One is the application of the
Zeigarnik Effect [20], and another is Maslow’s hierarchy of needs [21, 22].

Fig. 5. Screens of Nikko application (top screen and an example of photo books. The details of
the design process are described in [18].)
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We use the Zeigarnik Effect as followings. If students visit Oku-Nikko in autumn,
the application display shows photos of scenery filled with cherry blossoms in spring or
that covered by white snow with a footprint of a fox in winter, too. Those photos may
attract the students, and it is expected that the memory of Oku-Nikko becomes stronger
and the visitor becomes repeaters. Students may imagine other seasons. Figure 6 shows
an example in spring. The white parts of the Fig. 6 are visible and the grey ones are
invisible parts in spring. (Students are not always able to find the birds. So it is painted
grey a bit) Looking at the beautiful landscape and know the objects around there using
explanation of photos in our contents. Also, they look at photos of other seasons, they
know there are other landscape which they have looked at them yet.

This application is used in nature. Information aboutmap and timetables of an autobus
is necessary for safe walking. Students are making groups, and they walked around the
area within a designated time. Also, they collect photos and record their research.

A lot of information are set on the application. It seems that the developer some-
times set too many functions for users. Our most basic need is for physical survival,
and it is the first thing that motivates the behavior. After one level is fulfilled, the next
level up is what motivates us, and so on. The lower need is more critical and has higher
priority. Maslow developed different types of the hierarchy of need such as five layers
model and eight layers model. In our research, we used seven layers model (Fig. 7),
since this model meets the classification of information required for outdoor studying.
Having experiments as the next Sect. (4.2), we decided the arrangements at the
interface of our application. Using Maslow’s hierarchy of needs as the Cyber-Physical
System (CPS). Maslow stated that people are motivated to achieve individual needs
and that some needs take precedence over others.

4 Experiments and the Results

4.1 Fevordio, Application for Inside

We had questionnaires and experiments using mathematics battles in 2018.

Fig. 7. Maslow’s hierarchy of needs
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(1) 23 on Nov. (A Festival at Minami-Ohsawa in Tokyo) 6 persons
(2) 5 on Dec. (houses Between Japan and Sri Lanka) 6 persons (3 each in Japan and

Sri Lanka)

Total: 12 persons (male 5, female 7, from the 1st grade to 7th grade) and 9 parents of 12
persons answered questionnaires. Table 2 is the results about game use in their daily life.

11 out of 12 children answered to play games every day (41%). The parents
answered the same questionnaire as only 6 or 7 children play the game. (1 person had 2
children.) 4 parents answered that their children did not play the TV or PC game. The
answers didn’t match. Children, whom parents consider as no game users, did not have
any rules for playing games with their parents.

The answers after using Fevordio, children evaluated it was “joyful” as 91/100
points (average), “useful” 85/100 points (average). It was a high score. We asked them
whether they liked Mathematics or not as the same way as Fig. 8, in advance. The
scores of “like” were followings. Math class was 82/100 points, and Math drills were
66/100 points. They liked less drills than the subject itself. No children answered to
prefer Math drills to Math class. However, they enjoyed our card battle named
Fevordio, in spite of the same contents as Math drills. Children evaluated far higher this
game than calculation Math drills (25 points higher). They answered this battle was
“useful” and also was “easy”. If it was useful for them to practice calculations, did we
have to guess cards for the battle were too easy? Games are regarded to give players to
feel happiness or well-being from easy battles. Sonija Lyubomirsky writes about such
games, “We obtain maximum happiness when we take on flexible and appropriate
goals” [22].

According to the data analysis, there was not a correlation between whether they
liked Math drills and whether they enjoyed this card battle (r = −0.08). On the other

Table 2. Questionnaires about games

Question Answer

Do you play TV or PC/Smartphone games? Yes 11
No 1

How many days do you play games (per week)? 4.95 days (Average)
How long do you play games? Week day 0.75 h (Average)

Holiday 1.29 h (Average)

91%

85%

79%

Fig. 8. The evaluation by children using Fevordio
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hands, there was a positive correlation between the question “How many days do you
play games in a week?” and their feelings of “joyful” (r = 0.64). The difficulty level
and “joyful” did not have correlation (r = 0.16).

Parents inclosing who answered their children did not play games, looked at their
children playing the game, wrote comments as “Children look fun,” “It is Interesting.
Children are stimulated”, “This concept is good” and “Good!”. They evaluated this
game positively.

At the Festival in Minami-Ohsawa on November 23, children sat next to each other
in a single row and had the card battle. An elder child taught her opponent who
couldn’t answer the card. Though she met him for the first time then, it seemed to have
friendly communication using the same game. This is a prosocial emotion named
“naches”. McGnigal explained the term “This is a Yiddish word for the bursting pride
we feel when someone we’ve taught or mentored succeeds” [5]. Players sometimes feel
a kind of vicarious pride from giving advice and encouragement to the opponent on
games. Ekman also told, “it encourages us to contribute to someone else’s success, and
achievements from networks of support from which everyone involved benefit” [23].
This scene in festival at Minami Ohsawa was an example of naches and they studied
together with communication.

On the battle between Japan and Sri Lanka on December 5, comments of the
children both Japanese and Sri Lanka were “Joyful (n = 6)”, “Useful (n = 1)” at the
experiment. 2 children answered to be interested in Sri Lanka after playing the game in
Japan. Also, a student at a higher grade of the elementary school became to notice news
about Sri Lanka and remembered the long name of capital, “Sri Jayawardenepura
Kotte”. When children start to learn English as a foreign language at the elementary
school, they connected directly using a Math game on the first hand. It is just a start
point to communicate with each other. It is difficult to sense of foreign countries for
young students in a stage of concrete operations. However, using such a system, they
have chances to know other persons beyond the PC screen.

The results of our experiments, students made calculations (Math drills) with fin
and also some of them were interested in opponents. They will learn each other using
the game not only mathematics drills but also quizzes of cultural or historical subjects
in future. We aim to develop the battle game, Fevordio, to bring up the feeling of real
connection among the students. Young students feel the world and people in other
countries directly and quickly. It is a game inside. However, students become to fell the
extent of space.

4.2 Oku-Nikko Application for Outside

Setting BLE beacons in the national park of Oku-Nikko, we had an experiment from
February 19 to 21 in 2018, at Utsunomiya University (n = 20).

We listed up required elements of trips at the setout and categorized into ten
elements. Based on Maslow’s hierarchy of needs, we added priority to the functions of
a mobile phone application and designed it for Oku-Nikko. Students evaluated the
effectiveness of our designs. For example, all higher priority functions are accessible
from the home screen, and some of them are in the tab bar to be accessible from all
screens of the application. We added a photo book of seasons on the home screen to
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use the Zeigarnik Effect in order to encourage students to revisit Oku-Nikko in other
seasons. We expected that the photos of nature (mountain, flower, bird) might cause a
similar effect at the national park, too.

The results of the classification about the functions are as followings (Refer to
Table 3).

Table 3. Mapping among elements of information, Maslow’s hierarchy of needs

Elements of sightseeing (Oku-Nikko) Hierarchy of needs Function of App
1 2 3 4 5 6

Weather O Weather
New information (weather, disaster,
bear, event etc.)

O O O Information

Transportation, access O Bus (timetable
and route)

Restroom, present location, model
courses

O O O Map

High light, guidance, transportation,
food (shops)

O O O Pop-up

High light, photos of seasons O Seasons photo
Guidance, origin, photos of animals,
flowers, mountains

O O Photo books

Event O Stamp rally
SNS, “Like” O O SNS
Multi lingual O Setting

Fig. 9. New version user interface
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The Weather, Map, Information (disaster, bear notification etc.) Bus routes and
timetables were mapped as level 1 and 2. SNS was Level 3 and 4. Photo books and a
part of information and a part of map were mapped as level 5 and 6. After basic needs
(Level 1, 2) are fulfilled, human beings can think about higher levels. Therefore, after
the experiments, the interface of our application was arranged mainly those basic needs
(refer to Fig. 9.). Exceptionally photos of 4 seasons are not the basic needs. However,
using basic information around the functions, we set “Seasons” in order to make
students to be interested the other landscapes they cannot see real then.

After the experiments, the interface of our application was arranged as Fig. 9.
We had another test to use BLE beacon in the deep snow. In addition, we set a

beacon by the pot spring source. The result of the test, it is possible to use beacon in a
closed box in such areas. We have continued to research the condition of beacons in the
forest or near hot springs. The reception of signals of a mobile phone is terrible in the
forest so that it is not easy to get information about the direction. However, there are
limited several paths that people can walk in the national park for the act of conserving
nature. Therefore we can design the scene which people get signals of the beacon
easily. We have an experiment in Oku-Nikko in 2019 to check the signals from BLE
beacons and to know what kind of function is useful or joyful for people.

5 Conclusion

According to the researches, we concluded that the case studies about both inside and
outside e-learning, studies in cyber-physical environments continue to urge students to
have some active point for their learning. To connect some points invisible (Time or
Space), young students imagine the objects beyond the PC or smartphone’s screen and
are interested in them. These applications express the expanse of time and space. Those
applications are useful is not for convenience but imagination.

Why students have to learn foreign languages? Students may consider the reason
for learning and get motivation for learning foreign languages. Connecting with for-
eigners is essential. One of the characteristic points of Fevordio is “Create membership
groups, and members can share content within the groups” (Refer to Sect. 3.1). We try
to bring up children’s motivation. Also, such motivation brings them from virtual
communication using games to real communication. Contents of Fevordio are
increasing, and children would like to play card battles such as English, history, and
science. Then 3D database’s display has not used our experiments yet. We have other
experiments using the function. That will make students learn multi-layered related
subjects.

For outdoor studying, it is an excellent time to develop a new application in Oku-
Nikko. The Ministry of the Environment has been promoting “the Project to Fully
Enjoy National Parks [24]” at eight national parks in Japan since 2016, and the Nikko
National Park is one of the selected areas. A mission of these projects is to support the
national park by ICT. Our application will support it. We would like to have an
experiment and evaluate the effect of our design method in the real field in Oku-Nikko
before service-in.
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Those 2 applications we developed have different systems and are used in different
scenes. However, they have the same aim. These 2 applications make students to
imagine some objects. They become actively imagine other persons beyond the screen
or landscapes of other seasons. Students get not only some information positively, but
also the information which they get, operates them beyond the space or the time. This
effort is a step to active learning. In the ICT society, a great deal of information tends to
make people passive. It is too much to be active users. We have to make some entrance
points to focus on learning.

We continue to experiment for active learning both inside and outside to encourage
active learning and bring up students’ imagination.
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Abstract. Obtaining good knowledge in computer science area before uni-
versity education is considered a necessity in the most developed countries of
the world. Decision makers in Albania have embraced this initiative. Currently,
in Albania, ICT education starts from the fourth grade of primary school. But,
what difficulties do institutions and interest groups currently face in teaching and
learning the Computer Science’ subject? Secondary and primary data were
analyzed to find the actual situation of technology used in High Schools and
challenges the pupils and teachers face during teaching and learning the subject
of Computer Science. It was found that currently there are some difficulties in
using ICT in schools. As a result, the teaching and learning of Computer Sci-
ence’ subject, is affected. Is there any appropriate emerging technology that
could be alongside school infrastructure to support the teaching and learning
process of Computer Science? Such technologies used in teaching and learning
were identified through analysis of secondary data. By analyzing primary’ data
we found that “Bring Your Own Device” policies in combination with learning
technologies would be feasible in Albania. A prototype is made, by imple-
menting a LMS with lessons and quizzes in one of the Computer Science’ Area.
The prototype was tested in one of the High Schools of Tirana District. The
pupils and the teacher participating in the test expressed a very positive attitude
regarding the effectiveness of the prototype.

Keywords: Computing education � Bring Your Own Device �
Learning Management System

1 Introduction

Technology is driving major changes in the way people interact, work, learn and access
knowledge and information [1, 2]. And furthermore, this power has been seen as a
major and sustainable source in the development contribution of economic activity in
every country [3–6].

The development power of technology has been well understood by policy decision
maker authorities in Albania and is strongly emphasized the extended use and
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penetration of ICT in medium-term Pre-universities and Digital Agenda’ document
strategies [7, 8].

Information and communication technologies are seen by the Albanian Govern-
ment, as essential to enhancing the opportunities of economic development across the
country [9]. Effects and influence of ICT implementation is extended on all social and
economic sectors of the country [8]. During 2008–2013, a series of laws were prepared
and adopted in compliance with the European Union standards [8]. Actually, the
Albanian government is offering a series of e-services to its citizens resulting in the
improvement of the general index of readiness for the electronic governance [8]. While
in the field of education there have been investments for building up computer labo-
ratories, internet network installation in schools [8].

Albanian Government, via its document on the “Digital Agenda’s Strategy 2015–
2020” points out the need for more investments and attention for the ICT in education
in order to provide a society based on knowledge and to widely increase the skills of
ICT utilization [8]. The strategy stresses, also, that Albanian society needs to be pre-
pared for new challenges which emphasize the acquisition of trends in information
technologies [8]. While the strategy for the Development of Pre-University Education
emphases the need for the integration of ICT in teaching and learning in order for the
educational institutions to prepare students to live in “a knowledge society” and to
enhance quality [7].

Obtaining good knowledge in computer science area before university education is
considered a necessity in the most developed countries of the world [10–13]. Decision
makers in Albania have embraced this initiative. Currently, in Albania, ICT education
starts from the fourth grade of primary school [14]. But, what difficulties do institutions
and interest groups currently face in teaching and learning the Computer Science
subject? Is there any appropriate technology that supports the teaching and learning
process of Computer Science?

2 Methodology

Technologies used in teaching and learning were identified through analysis of sec-
ondary data. Secondary and Primary data were analyzed to find the actual situation of
technology used in High Schools and challenges the students and teachers face during
teaching and learning the subject of Computer Science. Study reports, guidelines and
strategy documents from different sources like Ministry of Education, Sport and Youth,
Ministry of Innovation and Public Administration, UNESCO, World Bank etc. were
analyzed. Two online questionnaires which were distributed in Tirana’ High Schools
were created one for High School pupils and one for teachers. These questionnaires
were filled out by 294 pupils and 57 teachers where only 17 were ICT teachers. Also,
interviews were conducted with 95 Computer Science students who were from almost
all of Albania’s districts. A prototype is made, by implementing a LMS with lessons
and quizzes in one of the Computer Science’ Area. The prototype was tested in “Qemal
Stafa” High School of Tirana’ District.
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3 Findings and Results

3.1 Actual Situation of Technology Used in High Schools

Knowing the development power of technology in every area, including education,
different actions are undertaken by Albania Government to include ICT into the
teaching and learning process. E-School program was introduced in December 2005 by
the government [15]. Considered as a core component of the major initiative that the
government has embarked on to include Albania into the digital age, the program’ main
objective was to create an environment in which students, both rural and urban, can
learn the use of Information Technologies and communication [15]. Under the E-
School program was made possible equipment with computer labs to all high schools
and a considered number of schools in primary education, the connection of these labs
to internet, training of ICT’ teachers and started the improvement of the ICT curricula
in pre-university education [15]. Pre-University Education Development Strategy [7]
emphasized the priority of government on curriculum reform, which is expected to lead
to the equipment of schools with a secure and functional infrastructure that provides
opportunities for the use of digital content in the learning process. Aiming the students
being prepared for the labor markets is promoted the extensive introduction of ICT in
the teaching process. In this context a contemporary Computer Science curriculum is
developed, aiming at enabling students to comply with European standards. This will
be accompanied by the improvement of technological infrastructure and the support for
internet connections in schools that are not connected to [7].

One of the main priorities set it up in the Cross-cutting Strategy for the Information
Society 2008–2013 [15] was the implementation of ICT in education and knowledge
spread. According to different sources the ratio computer per pupils is improved sig-
nificantly. In 2006 the ratio was one computer per 61 pupils [16], in 2008 the number
of pupils for one computer was 45 [15], in 2009, the number of pupils for one computer
was 25 [16] and in 2015 the ratio was one computer per 27 pupils [8]. Some of the
computers distributed in pre-university education are not functional. Even in the major
part of the schools have a dedicated broadband connection it remains only in computer
labs [8]. The spread of broadband connection all over the school will facilitate the
utilization of different information sources.

According to Pre-University Education Development Strategy [7], Digital Agenda
[8] and National Strategy for Development and Integration [9] ICT in Education and
curriculum development and reform still remains some of the top priorities for Albania.
One of the main objectives set it up in Digital Agenda related to ICT in Education is:
“Digitalization of the education system in order to increase the quality of education and
contribute in the establishment of a society based on knowledge through the increase of
access into digital curriculums and the facilitation of their internet connectivity up to
100%” [8 p. 32]. Integration of ICT utilization in a contemporary level in teaching and
learning remains the main step for a gradual transition toward a knowledge based
society, is emphasized in Digital Agenda [8 p. 32]. The guideline, “Learning with
Examples, Constructivism and Technology” [17] prepared by the Institute of Educa-
tional Development, supports this objective. This guideline’ aim is the use of technology
and ICT to improve the learning process through the implementation of modern
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methodologies. It emphasizes that using technology in the classroom makes the teaching
process more effective and more attractive when developed according to appropriate
teaching theory and methodologies. This guideline brings concrete examples of effective
technology integration through the use of appropriate teaching/learning methodologies
for different curriculum subjects.

Albania government, with the purpose of supporting the country’s vision for
educational reform in the context of its national, regional, and international aspirations,
had initiated in 2015 the Education Policy Review [18]. This review seeks to identify
relevant policy issues, to conduct in-depth analysis, and to formulate evidence-based
recommendations within three key policy domains including information and com-
munication technology (ICT) in education. One of the ICT in education policy issues
found in EPR is: “The lack of a stable, responsive and widely available infrastructure
and digital learning resources hinders the use of ICT in schools” [18 p. 60].

3.2 Technologies Used in Teaching and Learning

Every year started in 2009 till 2017 reports from New Media Consortium and Con-
sortium for School Networking were created with the aim to examine emerging
technologies for their potential impact on and use in teaching, learning, and creative
inquiry in schools [19]. Key trends like Collaborative Learning Approaches and
Redesigning Learning Spaces, challenges like Improving Digital Literacy and Inte-
grating Technology in Teacher Education and important developments like digital
strategies i.e. Bring Your Own Devices practices or learning technologies like learning
analytics and mobile and online learning are very likely to impact changes in K-12
education across the world not beyond that the next five years [20–22]. New Media
Consortium and Consortium for School Networking reports [19] show evidences about
implementations of important developments that have direct implications for K-12
education settings.

3.3 Feasibility of Emerging Technologies in Albania

As the analysis of secondary data found actually there are difficulties in using ICT in
schools in the process of teaching and learning. As a result, difficulties arise in the
implementation of Computer Science curriculum. Is there any key trends or important
developments that could be used alongside to school technology in teaching and
learning? Introducing emerging technologies in teaching and learning is a challenge
even to developed countries [23]. What about Albania? Is there any emerging tech-
nology suitable to be implemented here? With the drop in prices for desktops, laptops
and mobile phones, learning technologies like mobile and online learning and digital
strategies like Bring Your Own Device looks possible for Albania. There are evidences
that implementing BYOD digital strategy alongside to school technology allows stu-
dents to have better access to technology in the classroom, a greater range of learning
activities involving technology, and more useful and meaningful peer and teacher
feedback [24].
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Two questioners were created to find out the feasibility of implementing learning
technologies or digital strategies. One of them was intended to be filled out by pupils.
Some of the questions in this questionnaire are:

• Do you have any digital devices in your home? (See Fig. 1 for the graphic of the
answers)

• Do you have internet in your home?
• Could you bring any digital device in school from home? (See Fig. 2 for the graphic

of the answers)
• Do you use technology to help you with homework/projects?

Almost all the pupils answered they have internet in their home (97.3% of the
pupils answered yes).

Almost all the pupils answered they use technology to help them with their
homework/projects (99% of the pupils answered yes).

The other questionnaire was intended to be filled by the teachers. Some of the
questions teachers answered were:

Fig. 1. Answers on the question: do you have any digital devices in your home?

Yes
No

Fig. 2. Answers on the question: could you bring any digital device in school from home?
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• How often do you integrate computer technologies into your teaching activities?
(see Fig. 3 for the answers from ICT teachers)

• Please read the following descriptions of computer skill levels. Determine the level
that best describes you. (see Fig. 4 for the answers from ICT teachers)

• Preferred Methodology of Teaching (see Fig. 5 for the answers from ICT teachers)

The questionnaires were distributed in Tirana district. To get an overview of other
districts in Albania 95 student that were from all over Albania’s Districts were
interviewed.

Interviews were conducted by some of the authors with 95 Computer Science
students, including students from study program Master of Science in Computer Sci-
ence’ teacher, who were from almost all of Albania’s districts. The students were asked
about their experience in High School on learning ICT subject. The objective of these

31%

6%
6%

19%

38%
B. Often

C. Rarely

D. Almost Always

E. Occasionally

F. All the time

Fig. 3. Answers from ICT teachers: how often do you integrate computer technologies into your
teaching activities?

12%

29%
59%

D. Average - I
demonstrate general
skills in using the
computer
E. Advanced - I have the
ability to use a broad
spectrum of computer
technologies
F. Expert. - I'm very
capable of using the
computer.

Fig. 4. Answers from ICT teachers: determine the level that best describes you.
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interviews was to get an information for all Albania’s districts about technology used in
High Schools and challenges the students and teachers face during teaching and
learning the subject of Computer Science. Students from study program Master of
Science in Computer Science’ teacher were asked also about the situation they found,
during their internship in the High Schools, about the actual situation of technology
used in High Schools and challenges the students and teachers face during teaching and
learning the subject of Computer Science. Their answers confirm the information we
got from the analyze we made to secondary data and answers from questionnaires.

3.4 Solution

Pupils are familiar with technology and almost all of them have used it in the learning
process. Although they have mobile devices (laptop, tablets smartphones) only 47.5%
of them could bring their devices to school. A fully Bring Your Own Device strategy is
not feasible but a combined solution BYOD strategy with mobile and online learning
platforms it is because almost all the pupils have digital devices and internet access in
their home. Teachers could upload the lesson that will be explained one day before in
an online learning platform accessible by pupils. They could read the lesson and
prepare for a discussion with a teacher. Pupils that could bring their devices access the
lesson also in the class. The others can work with them in their devices, use the school
technology or work in a traditional way in the class. To better manage the class we
suggest allowing pupils to bring only a laptop in the Classroom. Other devices like
smartphones or tablets could be used outside the class. As an online learning platform
we propose a free Learning Management System. Lessons and quizzes prepared by
Teachers uploaded in a Learning Management System, web-based systems that enable
teachers and students to share materials [25], could be accessible from pupils via their
devices or school devices. With such a system, teachers can create and integrate the
course materials, assess and create personalized tests for pupils. LMS allows com-
munication of learning objectives and organizes learning deadlines. Such systems
distribute course contents directly to students and include both student progress and

6%

35%
53%

6%

A. Completely directed
by the teacher

C. Balanced between
teachers and pupils

D. More focused on the
learner

E. Totally focused on
the learner

Fig. 5. Answers from ICT teachers: preferred methodology of teaching.
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assessment. Thus, pupils can see their progress in real time and instructors can monitor
and communicate the learning effectiveness. Important for LMS is to try to create a
simple communication between students and instructors. Such systems, in addition to
facilitating online learning, tracking the progress of learning, providing digital learning
tools and communication management, can be used to provide different communication
functions. Introducing this solution for teaching and learning will modernize teaching
methods [26].

A prototype is made, by implementing a LMS with lessons and quizzes in one of
the Computer Science’ Area. The pupils at any time and place can access and consult
with the learning material. For any new material, added in the system, an email is sent.
Materials can not only be viewed online but also downloaded directly from the site in
order to have it stored in the device if there is no internet access. Most importantly, the
tests are in the system and the result of the test is taken immediately as soon as it ends
up seeing also the correct answers. The teacher also has many facilities, no worries as
to whether or not the pupils have taken the teaching materials, and should not spend
hours indefinitely manually correcting them. Teacher can look at the pupils’ results in
the system and through the reports that the system generates evidences the problems the
students have and where the focus should be on their work.

The prototype is tested in “Qemal Stafa” High School in Tirana district. About 48
high school pupils from 10-th grade of the gymnasium “Qemal Stafa” participated in
the testing. After creating the accounts for each of them they entered into the system to
attend a one-hour class about the next topic they had in ICT subject. All the necessary
materials, video (mp4) and power point materials related to the topic were uploaded in
the system. By the end of the class-hour, students received a mini test with 5 questions
on the topic, 100% of students reached the minimum target of the classroom.

The students and the teacher participating in the test expressed a very positive
attitude regarding the effectiveness of the prototype and showed their commitment to
involve them in this system.

4 Conclusion

Albania, as a lot of other countries, considers important to expose pupils to Computer
Science knowledge since primary school and has developed a contemporary curriculum
of Computer Science subject. Since 2005, different initiatives of Albania government,
has improved the schools’ ICT infrastructure in function of teaching and learning
process. Although, currently there are some difficulties in using ICT during the
teaching and learning process, which also affect the teaching and learning of Computer
Science’ subject. Important technological developments could be used alongside the
school infrastructure to support the teaching and learning process. Bring Your Own
Device strategy in combination with learning technologies was found appropriate for
Albania. The prototype made, by implementing a LMS with lessons and quizzes in one
of the Computer Science’ Area, resulted interesting and productive. The use of
appropriate technologies to support the teaching and learning process will introduce an
innovative, more productive and more interesting way of learning and teaching. By
combining these new technologies with teachers’ pedagogical methods and tools, we
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believe that the students’ knowledge, attitudes, and skills will be increased. As a result,
students and high school pupils will be more competent, as we are living in an
information technology age and will gain lifelong learning skill.

5 Future Work

We will implement the prototype for three months in a High School of Tirana district to
test it and improve it if necessary.

In the future, established incubators and cooperation with enterprises will support
the use of Emerging Technologies in better teaching and learning by allowing inves-
tigation, acquisition, testing, prototyping, piloting, researching, and evaluation of
emerging technologies that have the potential to transform education, enhance teach-
ing, and increase student success and retention.

We strongly believe that on the long run time frame this will contribute on
improvement on the labor skills of the Labor Market in Albania which in turn is fully in
line with not only the Digital Agenda’s Strategy of Albanian Government but the
regional countries as well and even broader.
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Abstract. Learning programming isn’t only important for programmers.
Studies show that learning computation is useful for logical reasoning devel-
opment, which leads to an easier learning in mathematical fundamentals and
language skills. Because of this, several computation platforms have emerged
for children and teenagers. These tools can be used by teachers from several
fields of knowledge to stimulate their student’s learning. However, these plat-
forms don’t include topics from the Brazilian National Curricular Joint Base
(BNCC), which make them difficult to use for this specific purpose. Looking to
the relevance of creating or remodeling a platform for this goal, the first step is
to survey for necessary features. The LORI method was used by students from
elementary public school, using Code and Blockly platforms. This paper
describes which and how features were studied during the exploration of two
platforms, while analysing the audience. Computer education platforms directed
to young people can highlight some important characteristics: daily use and
cultural aspects of students in order to approach the platform, giving feedback
with enough information for them to understand their error and the possibility
for the teacher to visualize and measure in what aspect and how often the
students make a mistake.

Keywords: Cultural issues in learning with collaboration technologies �
Programming for children � E-learning � LORI � Education �
Programming with education

1 Introduction

Logical reasoning is the basis of cognitive maturation and it supports the development
of other skills. Several studies consider it one of the foundations for critical thinking
skills development, as its absence can hamper linguistic learning abilities, like Por-
tuguese and mathematics fundamentals [1].
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Logical reasoning is also the basis of computation, as this area covers and reaches
most other fields of knowledge and has steady growth in the professional market.
However, unlike the others, this is neither predicted nor taught in the Brazilian National
Curricular Joint Base (BNCC).

If a future professional doesn’t need programing, it will still bring benefits by
developing logical reasoning, critical thinking, and linear thinking in problem-solving.
Furthermore, understanding how technologies are being developed and having the
ability to develop oneself may grant opportunities [2].

The teaching of programming for children and teenagers aims to encourage not
only logical reasoning development, but also other areas of knowledge so that solutions
may be created to their own desires while checking if it is something they like [2].

The main objective is not to teach a specific programming language, but to show
that logic is the same for all languages. It should be noted that not all students will
become programmers, but with a differential, they will have a greater ability to think
and be more creative, since learning programming logic develops various skills that are
often hidden [3].

Although current programming teaching platforms are widely used and easily
accessible, with playful methodologies and didactic resources aimed at children and
teenagers, there is no perspective of targeting or customize based on cultures. Citing the
example of Code platform, “there are some problems that are limited to being solved by
requiring little study, but is not possible to fit them into a format to be used in a
classroom, respecting the BNCC”.

The proposal is to create or remodel a tool available to this target audience,
involving both programming learning and the BNCC, jointly. That is, as long as the
person has a problem in basic disciplines, its solution will be through programming and
prior knowledge of the discipline itself. The intention isn’t to replace classroom
teaching in schools, but to be an instrument of support and fixation, while gaining the
ability of programming.

The creation or remodeling of a tool is an extensive and complex work, for the
initial steps are significant. One of them is the study of existing and non-existing
features on the main platforms, that are essential to the proposed tool.

The Problem Based Learning (PBL) methodology emphasizes learning through
problem solving. Through this method the student is the main actor of his learning, as
when faced with a problem presented by the teacher, they should actively seek the
solution, without theoretical classes or previous examples of resolution given by the
teacher. The teacher’s function becomes that of an instructor, indicating sources where
students can research problem solutions and follow their reasoning, being able to
redirect it if they escape the goal, except it is up to the student to research, develop and
present a solution. In this method some concepts of collaborative work are also
employed, since the students are separated in small groups of a maximum of six, where
they discuss and analyze together the solutions to the problems.

Zanatta [4] shows some programming educational platforms where the author
mention history, aspects, and purpose. The text called “Programação de Computa-
dores para Crianças: Metodologia do Code Club Brasil” (Computer Programming for
Children: Code Club Brazil Methodology) has the experience of building and applying
the Code Club to students and observe its methodology. The difference in this work is
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that Zanatta (2015) doesn’t apply any method to validate the other platforms, (like
Learning Object Review Instrument) [5], there is no intention of listing the charac-
teristics of each of them and the purpose to join the Brazilian National Curricular Joint
Base (BNCC).

This article describes what these characteristics are and how they were examined.
Section 2 clarifies the methods used to scan the features and Sect. 3 presents the result
obtained by the assessment.

2 Construction of the IPC and Application
of the Methodology

An extension project was created at CEFET-MG (Centro Federal Tecnológico de
Minas Gerais), called Introduction to Programming and Competitions (iPC), with the
purpose of involving elementary and high school students that don’t study in CEFET
into logical learning, with oriented use in the current platforms.

The project started in 2017 and attended until 2018 a total of 84 students. The team
involved 15 undergraduate students, three Computer Engineering teachers and two
students from the Informatics technical course. Through this project, it was possible to
accomplish actions that allowed the study of existing and/or non-existing features of
the current programming platforms for children and teenagers. The actions were
(i) choice of platforms and activities, (ii) Code and Blockly analysis with LORI
method: results in the Sect. 3.3, (iii) invitation of the students, (iv) use and analysis of
Code and Blockly with the students.

2.1 Choice of Platform(s) and Activities

The first step was the selection of existing platforms, as well as verification of which of
them possessed the elements that would facilitate compliance with the BNCC. It was
decided not to show code lines and advanced concepts to beginner students in pro-
gramming. Bau et al. [6] demonstrated that the goal should be focused on logic and
avoid complicated elements in the educational environment.

We adopted Blockly in the first group of students and it has been more explored by
the iPC development team to see and test the possibilities. Thus, Code was applied in a
primary plan for students, as to evaluate the aspects that are appropriate or not to the
iPC purpose.

Noticing the experience of the iPC team and seeking for a platform that could be
used as a test with its own method and what would the students think about it, Code
and Blockly were analyzed by the LORI (Learning Object Review Instrument) [4]. The
results are in the Sect. 3.2.

Visualizing the games in Code, by experience in computer teaching, the one that
demonstrated to be completer and more suitable for young people aged between 14 and
15 years old was the “Accelerated Intro to CS Course”.
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2.2 Inviting Students

Over two years of project, 84 students were invited and distributed in four classes, as
shown in Fig. 1. The first group was composed of ninth grade students from municipal
schools personally invited in each school, accompanied by the Education Secretary of
the municipality of Timóteo.

Teachers, principals, and students from the ninth-grade elementary school proposed
were introduced to the purpose of the project and informed how it would work. The
Education Secretary was requested to select 21 students, analyzing math punctuation,
personality, talking with the teachers about the responsibility of each one and con-
sidering the equal distribution of representant by school.

After the first class finished the course with 21 students (Fig. 1), the next two
classes were composed of first year students from municipal and state high schools. The
students made a subscription by form and each group was composed between 18 and
25 people each (Fig. 1), having about two to three dropouts individually.

2.3 Use and Analysis of Code and Blockly with Students

The recruited students were submitted to various activities from the accelerated course
of Code (all classes) and some activities of Blockly (only the first class).

There was one weekly meeting of three hours each for the first group and two
weekly meetings of two hours for the second and third classes.

During the meetings, the instructors (students from the Informatics technical course
and the Computer Engineering course) coordinated the activities by teaching students
how to use the platforms and asking questions. During this follow-up process, several
interventions were needed since the students were sometimes euphoric or couldn’t
progress, or could not properly exploit the platform’s resources. In addition, in some
instances the resources of the platforms were not sufficient for the students’ progress,
and therefore intervening with more practical teaching strategies were necessary,
mainly in the teaching of programming concepts, such as function for example.

Fig. 1. Three classes of the iPC project
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As the instructors were monitoring the class, it was possible to perceive several
characteristics on the platforms, and if they were sufficient or not. Section 3.3 presents
these raised characteristics.

3 Results of the Platforms Analysis and Students

The process of arriving to a tool that can combine the learnings of Code and Blockly
and show the user basic study elements in a motivational way is long, since a lot of
detailed perception is needed and the students behavior especially counts. With the
application of the LORI method, the chosen platforms and their use by the groups of
students in a monitored way, it was possible to raise series of important features for a
platform that has the final design to be an instrument of assistance in learning the
contents of the BNCC through practice. The following sections highlight these raised
characteristics.

3.1 Analyzing the Code and Blockly Tools Using LORI Method

The purpose of Code and Blockly normally attend very well, but it isn’t enough for the
iPC project’s goals. In order to overcome those limitations, such as a little approach of
math content and a cover of all disciplines in basic education according to the BNCC,
while observing these platforms by the LORI method [4], some aspects were noticed
(Table 1).

Table 1. Application of the LORI method.

Item Code Blockly

Content
quality

Code presents a more detailed
content with explanations in each
game. There are also videos for
more context

Blockly only have a statement of the
problem

Learning
objectives
alignment

Both have the purpose to teach logic programming for children and teenagers.
But, for the iPC’s goal, it is not enough

Feedback
and
adaptation

Code sends feedback to the user
with different sounds; a message on
top of a statement informs a mistake
and offers a help

Blockly only have a message in the
screen center when a mistake has
occurred, there isn’t a note to click
for help or any box with more
information

Motivation Code conducts the user in all screen
games and the characters are
distributed in levels, as they come
back to reinforce the knowledge as
time goes

The games are presented with little
information on screen and a
message appears if the exercise is
correct. The platform has
motivation, but doesn’t give enough
feedback

(continued)
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3.2 Lessons Adaptation

Through observation during the three months of classes with the selected students in
CEFET, by the students questions, monitoring of reasoning improvement, the per-
ception the teenagers resolution for the most difficult exercises, some aspects in terms
of functional and non-functional requirements were regarded.

As cited in Sect. 2.3, some theoretical classes were taught. It occurred in view of
the teenagers’ anxiety, with regard to new concepts and situations, and also because
Code doesn’t analyze code quality. For example, the tool counts blocks (Code uses
drag-and-drop code blocks), but not which of them was put by the student in the
solution. In other words, if the student in a repeated loop lesson doesn’t bring any
repeat loop block, but instead puts less or the correct number of blocks to execute, and
the execution solves the problem, Code accepts the student’s solution.

The interventions in each classes had the purpose of alerting the students about it
and reinforce computational concepts according to Brazilian culture. The instructors
had the responsibility to create appropriate activities taking into account a close
observation of harder exercises in classroom and conversations at the end of activities
with the teenagers. Those exercises could be a presentation, word research, a game to
write a story with algorithm words (if, do, while, etc.), an explanation of “functions”
using cake shapes with equal shapes but with different sizes, and others of this type.

Therefore, the explanatory resources: video-lessons, since textual explanations on
these platforms are not enough to solve the students’ doubts, due to their generic nature
and not contextualized with the national reality. In this way, a mechanism that allows
the insertion of more video-lessons is necessary as well as textual explanations in these
platforms are a relevant resource, based on the lived experience.

3.3 Learning and Teaching the Students

Through the follow-up of students during the execution of the activities and by the
necessary interferences performed in this process, series of situations were perceived
and make a difference for a better growth of the student’s learning. Among them:

Table 1. (continued)

Item Code Blockly

Presentation
design

Both have animations and sounds to encourage the student to continue the
exercises

Interactive
usability

The screens are colorful and the
explanation videos lead the user to
have an easy experience with the
platform

Blockly has a screen focusing on the
game as a way not to compete with
functionalities

Accessibility Disapproved. Both don’t have resource for low vision or blind people
Compliance
with the
pattern

Doesn’t apply in this case
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• Empathy - Understanding how the students felt about the new situation at the end of
each class, asking and dialoguing about how were the exercises, the difficulties and
changes for a better adaptation, and if they had enjoyed it. This conversation made
possible to spot the empirical aspects in the Sect. 3.4. This empathy could be
exposed with an AI resource that would talk to the user about their experience and
enable the user to asks about their doubts, as the tool would analyse this data, like a
chat boot. It would show and repeat the exercises that the person had difficulties,
and over the exercise display, some interesting facts about the tool and how logical
reasoning can be helpful day by day, in life in general, and applied at school.

• Simple thinking - Showing a student a farmer that digs a field doesn’t approach the
teenagers to the tool, because it’s possible that someone has never been into a field.
Simple things like the weather are general subjects that anyone knows, and it
doesn’t involve a cultural or regional point of view. When the scenarios of the
activities are closer to the reality of the students, their understanding of the prob-
lems, as well as their solution, becomes simpler. Consequently, it is important to
adapt the problems to the knowledge and competences foreseen in the BNCC, in
order to make an expected use of the learning resource.

• Together is funnier than alone - Code and Blockly are tools to learn by oneself. But
altogether, having healthy competitions and to be able to ask for help is a way to
support other people. A specific screen (Fig. 2) was found harder by the students,
and when they spoke to each other while the instructors were observing, they
understood that the problem wasn’t so difficult, which leads to questioning whether
the tools available or to be created should have at least some group activity.

• The tool is important, but knowledge goes far beyond - The purpose of Code and
Blockly is to teach logic to children and teenagers. However, like the screen shown

Fig. 2. A screenshot of an exercise
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on Fig. 2, if the person doesn’t know the basic concept, the computational matter
stays on a second plan. Mathematical concepts had to be reviewed and even taught,
as well as notions of right and left and text interpretation. Even though Code has
explanatory videos and some interventions with offline exercises, it was perceived
by practice that it is not enough, and there must be other means of explanation for
the students. And some of these could be through the intervention of teachers in
classroom, via platform, by video-lessons to deal with specific subjects of each
activity when necessary and/or through a chatbot that the student could receive
some other explanation, one that could be more comfortable, choosing a text, a
video, a book, a game or other kinds of educational resources.

3.4 Analyzing the Code and Blockly Tools After an Application
in a Classroom

With these experiences and observations, the final goal is to think and prototype a
platform with the search and development teams. Beyond that, it is required that

Table 2. Analysis result of Code and Blockly platforms.

Platforms Positive aspects Negative aspects

Code • It presents playful elements that are
familiar to students

• It is self-explanatory
• It does not present student-ready
resolution, forcing them to create
their own reasoning

• It has several modules that deal with
different concepts and characters
from movies or games

• There is a quality evaluation of the
student’s code

• There is no view of the student
progress history (hits and misses)

• There is no way to communicate with
the student through this tool

• The administrative part, mainly the
possibility of creating questionnaires
for the students shows to be
inefficient and is a difficult
understanding functionality, with
little support for such

• The simultaneous translation into
Brazilian Portuguese go through
deformations, hindering
communication

• It doesn’t obligate the student to
complete modules with perfection,
giving the possibility to obtain a
certificate of completion without this
requirement

Blockly • The exercises have a more complex
level than code, such as the music
game and the geometric game, that
include time variables

• The interface is visually clean

• There is no option to log in by
storing progress

• Problems have insufficient
instructions for the student’s
understanding

• There is no return guidance
information after some programming
error is committed

• There is no evaluation of the
student’s code
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teachers and other professionals of education, computing and pedagogy create, analyze
and approve each step according to the level of difficulty, the learning method, the
content of disciplines simultaneously as making the code and the Software Engineering
tests.

After analyzing the selected platforms, it was possible to list a set of positive and
negative aspects (Table 2). Such aspects should be considered in order to create or
remodel future platforms to integrate the contents of the disciplines governed by BNCC
in programming.

3.5 Empirical Result by the Teenagers

The monitoring of the use of the Code and Blockly platforms by the students has led
teachers and monitors to perceive a series of aspects that aren’t fully aligned with the
purpose of this article, but deserve attention considering that they are experiences that
motivate more and more the improvement of the tool for the use of programming for
children and teenagers, as well as the advancement of pedagogical practice’s that
include computation as an instrument of teaching and learning. These aspects were:

• Improvement of logical and mathematical reasoning.
• They made new friends.
• They met and were immersed into CEFET-MG teaching institution, demonstrating

the interest in entering of computer courses.
• Personal progress.
• Discovery of a possible new career.
• Greater interest in mathematics and programming.
• Reflection of the project as learning content in the school environment.
• Development of concentration, attention, reasoning and patience.
• The perception that reading is important and makes a difference.

Attentive to this opinion, the search team surveyed the third class with two ques-
tionnaires application (one at the beginning of the project and one at the end) to
measure the transformations in reasoning. The method and results will be shown in
another paper.

4 Conclusion

In this report about the first two years of the project, we have done evaluations of
programming teaching tools for children and teenagers, looking for features that adapt
to the reality of the BNCC.

Using the LORI method, we can make a comparative analysis of the two tools
within the requirements placed. These results serve as guides for the analysis of the
empirically collected features.

We indicate that the obtained results are preliminary but important to demonstrate
the need and guidance for the improvement of the educational development of the
tools. Mainly due to the fact that no tools are already in the desired state, and that when
fitting, the results become detachable.
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The teaching of programming logic focusing on pre-existing problems in the stu-
dents’ disciplines facilitated the learning of both. Complementing cognitive and
interpersonal development of students in working in groups to solve problems was also
presented in the reports.

We recognize that more formalism is needed in the next stages of validation. A step
of municipal analysis of each raised feature and an amplification of the tests bases must
reinforce the purpose of this work.

In addition, there is a consistent space for a new proposition that really adapts these
educational environments to the Brazilian educational model.
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Abstract. Users of information systems are increasingly being attacked
and exploited by cyber criminals. Information Security Awareness
addresses how users can be convinced to behave compliantly to a com-
pany’s information security policies. This paper explores the potential
of e-Learning as a tool to increase the information security awareness of
users. The factors that ultimately lead to information security-compliant
behavior are the factors knowledge, habit, salience, and behavioral intent.
By looking at the peculiarities of e-Learning, the chances and limita-
tions of influencing these factors are examined exploratory. The basis for
this is Bloom’s Taxonomy from learning theory. The paper shows that
e-Learning can help influencing knowledge and habit of a person. The
salience and intention of a person, however, can only be influenced in
combination with other factors. Especially with affective emotions and
beliefs, e-Learning can also have negative effects. The paper also gives
an outlook on how further quantitative research could help to ultimately
shape effective e-Learning courses.

Keywords: Information security awareness · E-Learning platforms ·
Learning · Bloom’s Taxonomy

1 Introduction

As digitization progresses, the demand on the security of the data and infor-
mation processed grows as well. To protect the confidentiality, integrity, and
availability of information, technical security controls such as firewalls and virus
scanners are established. Attackers, however, increasingly attack and exploit the
human factor in information systems: the user [12,29]. The main types of attacks
today are phishing, malware, and social engineering [14]. With the help of these
attacks, the hackers are not only able to harm private users, but also companies,
research institutions, or even whole countries.

The research area Information Security Awareness (ISA) addresses how peo-
ple can be convinced to behave in accordance with information security policies,
guidelines, or best practices. High ISA should minimize the risk that users are
exploited as weak spots in the information security concept. Especially in com-
panies, security awareness campaigns are utilized to sensitize employees towards
c© Springer Nature Switzerland AG 2019
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their role in securing their companies’ information assets. ISA is a complex result
of a multitude of factors [3,11,27]. In addition to knowledge, salience and habit
it consists of the intention of a person to behave properly and the necessary orga-
nizational aspects enabling people to behave securely. Proper security awareness
measures should therefore consider all aspects: knowledge, salience, habit, inten-
tion, and organization [27].

E-Learning is a popular way to teach people. Forecasts assume that the e-
Learning market will continue to grow in the next years [26]. Policy makers
are tempted by the many benefits of e-Learning, such as increasing economic
competitiveness, cost effectiveness, or more generally the opportunity for bet-
ter education [5]. Companies regard compliance and IT expertise as potential
contents that can be conveyed via e-Learning [18]. Hagen et al. [21] investigate
the effects of an e-Learning tool that has been used to improve ISA. They were
able to see significant changes in attendees’ awareness and behavior after using
e-Learning. Therefore, e-Learning can be an easy, low-priced method to famil-
iarize people with information security in addition to posters, flyers, or offline
training. To generate insights about the benefits of e-Learning regarding improv-
ing employees’ ISA, this study follows an exploratory approach. Based on the
factors presented by [27], this paper evaluates the possibilities and limitations
of e-Learning in order to influence the behavior of employees with regard to
information security. As a result, the paper shows that e-Learning is basically
suitable for influencing cognitive, psychomotor, and also affective factors. While
knowledge and habits are easy to convey in the digital field, it is only to a limited
extent true for salience and the behavioral intention of a person.

The paper is structured as follows: In the second chapter we introduce the
research field of ISA and explain the basics of learning and e-learning. In the
next chapter, Analysis, we examine e-learning for its suitability for influencing
the ISA. In the fourth chapter we discuss these findings and give an outlook on
future research on this topic.

2 Basics

2.1 Information Security Awareness

Information Security Awareness has been established as a separate research area
within information security. It targets the “human factor” and how IT users can
be brought to an information security-compliant behavior. Attackers now prefer
to attack the user to gain access to proprietary information [14]. This approach
requires less effort than technically attacking IT systems, using classical methods
such as brute-forcing. In addition to technical security controls, it is therefore
also important to actively involve the user in the information security concept
of a company. One commonly realized method for this involvement are security
awareness campaigns. These campaigns aim for motivating IT users to use their
theoretical knowledge about information security in practice [3] and for convinc-
ing them of the importance of their actions. Today, ISA campaigns mainly do one
thing [2]: In lectures, employees receive theoretical knowledge about information
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security. However, the actual behavior of an employee is hardly influenced by
classical training [34].

Hänsch and Benenson [11] describe three possible perspectives of the term
security awareness. The simplest perspective is that employees know which
threats to information security exist and recognize them (“perception”). Another
perspective adds that employees also know how to protect themselves and their
organization against those threats (“protection”). And the third perspective is
that employees know what a threat is, what they can do about it and that they
behave accordingly (“behavior”). Only the last approach promises an actual
increase in information security in the company. Altogether, information secu-
rity awareness means that employees know how to behave in compliance with
information security policies and standards (e.g., choosing a secure password),
what consequences they and the company may face in the event of non-compliant
behavior (e.g., loss of image and financial loss due to loss of customer data) and
that they actually apply this knowledge in critical situations.

Schütz [27] describes information security compliant behavior as a result
of a person’s knowledge, habit, salience, and behavioral intention in relation
to a particular behavior. A particular behavior might be, for example, locking
the screen when leaving the workplace. Beside the knowledge and the habit,
the salience describes how tangible a behavior in the current situation is for a
person. But the most complex and influential factor is the behavioral intention.
The intention to behave is formed from various emotions and beliefs of a person.
If a person is afraid of choosing a password or believes secure passwords are
useless, the person will hardly form an intention to choose a secure password.
Emotions and beliefs can be divided into three groups. The attitude towards a
certain behavior, the perceived norm regarding a behavior in the environment of
the person (for example colleagues or family members) and the personnel agency,
which describes whether a person is confident in the execution of the behavior
in the given circumstances. Despite a positively pronounced security awareness,
however, the final execution of a behavior can still be prevented by organizational
restrictions in the environment of a person. This is the case, for example, if the IT
service for changing a password is not accessible to the user. With the knowledge
of the individual factors of a person, it is possible to influence these, in order to
change an unwanted behavior or to strengthen a desired behavior.

2.2 Learning

A common method to change behavior is learning [16]. The famous Bloom’s Tax-
onomy differentiates into three learning domains: Cognitive Domain, Affective
Domain and Psychomotor Domain [7]. Figure 1 shows that individual domains
are subdivided into levels that differ in their complexity and are followed by the
learner one after the other.

The cognitive domain describes mental skills or the intellectual capability
of a person. The revised version of Blooms Taxonomy divides this domain in
the dimensions Knowledge and Cognitive Process. The dimension Knowledge
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Fig. 1. The three domains of Bloom’s Taxonomy

distinguishes four different types of knowledge: Factual Knowledge (basic ele-
ments of a knowledge area), Conceptual Knowledge (interrelations between the
basic elements), Procedural Knowledge (knowledge of how to do something)
and Metacognitive Knowledge (awareness and knowledge of own cognition). The
expression of the individual types of knowledge in a person can be assessed on
the basis of the cognitive process dimension. This dimension consists of the fol-
lowing hierarchically structured levels: Remember (retrieving knowledge from
long-term memory), understand (determine the meaning), apply (carrying out
in a given situation), analyze (breaking material into parts and detecting the
relation), evaluate (making judgments), and create (putting elements together
to create something new) [19].

The affective domain describes feelings and emotions, such as an attitude
towards a certain thing. It consists of the hierarchically structured levels: Receiv-
ing (willingness to pay attention), responding (react to the objective), valuing
(attach value to an objective), organizing (organize values into priorities), and
characterizing (having a value system that controls behavior) [7].

The psychomotor domain describes manual or physical skills. The domain
consists of the hierarchically structured levels: Perception (using sense organs
to guide activity), set (mental, physical and emotional readiness to act), guided
response (imitating, and trial and error), mechanism (responses are habitual),
complex overt response (performing activity skillfully), adaptation (well devel-
oped skills), and origination (creating new movement patterns for specific situ-
ations) [30].
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2.3 E-Learning

E-Learning is a form of distance education. Distance education is designed to
enable learners to learn, even though they are not physically in one place with the
teacher or instructor. This sets distance education apart from traditional learn-
ing, which provides face-to-face sessions between teachers and learners, with both
groups being in the same place at the same time [16]. In e-Learning, telecom-
munication technology and computers are used to enable the participants to
exchange information [5]. In addition to providing information, e-Learning also
enables communication with the teacher and other learners [5]. Synchronous
e-Learning can be completed in real time and is made possible through technol-
ogy such as live chat or video conferencing. The synchrony allows for a personal
participation and a better motivation of the participants [13]. However, asyn-
chronous e-Learning is more flexible and easy to integrate into everyday work.
The asynchrony allows for a cognitive participation and helps the participants
to better reflect and process the learned information [13]. In addition, there are
hybrid approaches that work synchronously and asynchronously at the same
time [13].

According to Ghirardini et al., e-Learning can promote three types of skills:
Cognitive skills (i.e., knowledge or comprehension), interpersonal skills (i.e., pre-
senting or negotiating), and psychomotor skills (e.g., movements) [10]. Blended
learning combines different learning methods and uses both traditional learning
and e-Learning approaches [8]. For example, a traditional face-to-face lecture
can be enriched by combining it with an online course to deepen the learning
content.

3 Analysis

A person’s Information Security Awareness is made up of several factors that
influence the person’s behavior. This chapter analyzes these cognitive and affec-
tive factors and assesses how they can benefit from e-Learning.

3.1 Knowledge

Knowledge is the sum of facts, information, and skills of a person. A person
acquires knowledge through experience or education. The revised version of
Bloom’s Taxonomy (cf. Chapter 2) separates the knowledge of the cognitive
domain and differentiates between factual knowledge, conceptual knowledge,
procedural knowledge and metacognitive knowledge. We take the knowledge of
secure passwords as an example. Factual knowledge is the knowledge that user
accounts and passwords exist. Knowing that a password, consisting of more than
eight characters and special characters, can secure a user account is conceptual
knowledge. Knowing where to change the password, is procedural knowledge.
Metacognitive knowledge is when a person knows they find it difficult to remem-
ber secure passwords and therefore use a password manager.
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How It Affects ISA: Behavioral research declares knowledge in general as an
important component to effect behavioural change. Even a strong behavioural
intention is useless, if the necessary knowledge for implementing the behavior
was missing [24]. A lack of knowledge is also an obstacle when developing com-
pliant behavior regarding information security [17]. User who do not know the
rules for secure passwords will not be able to behave compliantly, though they
may want to. This is in line with Hänsch & Benenson’s view of the concept of ISA
that the perspective behavior builds on knowledge of threats and the protection
against these threats. In most cases, the knowledge needed in the information
security environment requires also background knowledge about the technical
functioning of information systems. Looking at the perspectives of Hänsch &
Benenson shows that in the area of ISA, factual knowledge (perspective percep-
tion) and conceptual knowledge (perspective protection) are needed. In many
cases, also procedural knowledge is needed to fulfill the perspective protection
(e.g., requesting a certificate for secure e-mail traffic). The imparting of this
quite technical knowledge can be complex depending on the behavior and the
prior knowledge of the users.

How e-Learning Can Faciliate It: The acquisition and use of knowledge is the
main objective of e-Learning [22]. Therefore, it is a suitable tool to strengthen
the knowledge factor in the field of information security. In order to promote
individual learning and convey content that is really relevant for the user, the
topics to be treated should be adapted to the prior knowledge of the user. As
an initial analysis, for example, the execution of a test is suitable. To accom-
plish this, approaches for semi-automated generation of course content can be
used [10]. For the general content design of e-Learning, it should be noted that
factual knowledge and conceptual knowledge are promoted equally. Procedural
knowledge can be practiced through interactive simulation. The digital nature
of e-Learning makes it easy to simulate digital environments needed for informa-
tion security, as users already have the system at their fingertips. In addition,
interactive e-Learning activities help teaching people how to use methods in
new situations [10]. Similarly, it is important to consider the cognitive process
dimension. In order to increase the knowledge of one person, the other levels
of the process should be promoted in addition to the levels “remember” and
“understand”. Knowledge can be applied in subsequent tests or simulations or
can be analyzed by case studies. Evaluation of the learned can be promoted in
discussion boards. The level “creating” is again very difficult to implement in
e-Learning [32].

3.2 Habit

A habit is a learned sequence of actions that has become an automatic response
to specific triggers [33]. The more often a behavior is carried out, the more it
becomes habitual [31]. With increasing habit, the influence of the behavioral
intention on the performance of the behavior eventually decreases [31]. When
the impact of other factors that affect the performance of a behavior is less, the
whole process of building compliant behavior is less complex.
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How It Affects ISA: A habit can be used to strengthen the execution of informa-
tion security compliant behavior. Studies show, that habit influences the com-
pliance of employees with information security policies [25]. Habit is influenced
by the repetition of a behavior and, in turn, a habit also positively influences the
performance of a behavior. Locking the computer when leaving the workplace is
an example of a frequently performed activity. After being executed a few times,
employees will unconsciously lock their computer as soon as they leave the office
chair, without worrying about it. The behavior became a habit. However, there
are also behaviors that are performed less frequently, such as reporting a secu-
rity incident. Those behaviors hardly become a habit. If employees notice an
incident, they will probably first need to think about how they should behave in
this situation.

How e-Learning Can Faciliate It: Before content is created for e-Learning, a
fundamental check should be made as to whether it is possible to strengthen the
habit for each type of behavior. If a behavior requires a lot of attention, such as
the detection of phishing e-mails, or if, as mentioned earlier, the behavior needs to
be performed rather rarely, there is only a limited way to increase habit. In order
to habituate a suitable behavior, it must be rehearsed repeatedly. According to
[10] e-Learning is actually less likely to be used for practicing psychomotor skills.
However, thanks to the special characteristics of digital domains, the computer
is nevertheless a suitable medium here, since everything is in reach. Habitual
behaviors on computers, such as locking the screen, are rather simple tasks. E-
Learning must ensure that the habit is repeated on a regular basis and linked
to the necessary triggers (for example, getting up from the workplace triggers
screen locking). In the classification of [30] the achievement of habitual responses
corresponds to the level “mechanism”.

3.3 Salience

Something is considered salient when it stands out from its immediate environ-
ment [6]. A salient behavior must be so prominent and important for a person
that they translate their behavioral intent in action. Especially when a longer
period of time has elapsed after the intention to behave, salience gets even more
important, so that the person remembers the behavior when it matters [24].

How It Affects ISA: For example, we assume that employees have already been
persuaded not to use any external USB drives on the company computer. How-
ever, the situation does not become reality until three months later, when a
representative of a supplier gives them a USB drive. Now it is important that
the employees still remembers the correct behavior of not using the USB drive.
The behavior must be salient for the employees. Methods from social marketing,
such as the use of posters or flyers, are a suitable means to increase the salience
against an information security compliant behavior [4,27].

How e-Learning Can Faciliate It: E-Learning can be used to support social mar-
keting campaigns. When users complete e-Learning, they already devote their
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attention to the content. For example, funny-looking videos could help anchoring
proper behavior in the memory. However, the content of e-Learning should be
coordinated with the entire marketing campaign.

3.4 Intention

The intention to behave or motivation happens before the actual behavior and
ultimately influences the actual execution. With the formation of such an inten-
tion a person decides bindingly for a certain action goal. This decision can be
weakened if there is a long period of time between grasping behavioral intent and
actual behavior [28]. This means that after a campaign in which a behavioral
intention has been formed, employees also need the opportunity to apply the
desired behavior as quickly as possible in the working environment. The behav-
ioral intent is very complex and is made up of three constructs: the attitude, the
perceived norm, and the personal agency of a person.

How It Affects ISA: The intention is an important construct in terms of ISA and,
in contrast to the other factors, is strongly dominated by a person’s affection.
The attitude results from the experiential attitude (“What have I experienced
while performing the behavior in the past?”), which is influenced by feelings, and
the instrumental attitude (“What are the consequences of the execution of the
behavior?”), which is affected by beliefs regarding the effects of the behavior. For
example, if a person assesses their own behavior as irrelevant (“Nobody cares
about what I have on my computer.”), they will also have a rather negative
attitude towards the behavior. The perceived norm is also subdivided into two
areas: the injunctive norm (reflects the person’s beliefs about what behavior
their social environment expects of them), and the descriptive norm (describes
the beliefs of how the environment itself behaves). If managers expect their
staff to lock the screen when leaving the workplace, but do not follow the rule
themselves, the employees’ injunctive and descriptive norm will diverge. The
personal agency is formed by the perceived control (“Is the execution of the
behavior simple or difficult in view of the circumstances?”), and the self-efficacy
(“Do I dare to perform the behavior with my abilities?”). These, too, are created
by the beliefs of a person.

How e-Learning Can Faciliate It: To influence a person’s intention to behave in
compliance with information security, An e-Learning course should address the
person’s feelings and beliefs [24]. In order to influence the beliefs of a person,
they can vary in their strength, that is, strengthened or weakened depending
on the desired behavior, or changed [1]. Beliefs, for example, may change if
contradictory information is presented to the person who believes [15]. When a
person is told how much important data is on their computer, or how an attacker
can use the computer to access other systems in an organization, their opinions
change that their careless behavior makes no difference. Interactive multimedia,
such as e-Learning, is generally considered useful in the affective domain [20].
By conducting e-Learning, the user has already reached the first level of the
affective domain of the Bloom Taxonomy “receiving”. E-Learning can be used
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to promote the achievement of the other levels. Through active participation in
an e-Learning course and the use of synchronous components, it is possible to
initiate discussions in live chats, the second stage “responding” is encouraged.
At the same time, the perceived norm is influenced. The following stages are
more difficult to influence [9] and can be achieved, for example, through moder-
ated discussions. But this should be more feasible in a discussion in which the
participants are on site. [23] found that e-Learning can produce both positive
and negative consequences in the affective domain. Negative consequences may
arise from failing technology, too little emotional support, or simply the difficulty
of self-regulated learning. If a participant bothers about failing the e-Learning,
they might associate the negative emotion with the behavior. For participants, it
is therefore also important to have a synchronous or asynchronous contact with
a real person during the execution of an e-Learning course. This can alleviate
the negative consequences and at the same time encourage the participants to
strengthen personal agency.

4 Discussion

In the previous analysis, e-Learning could generally be identified as a suitable
tool for ISA campaigns. E-Learning was invented for the communication of
knowledge and, consequently, clearly has its strengths in this regard. Especially
factual, conceptual, and procedural knowledge can be taught via e-Learning.
However, due to the digital nature and the isolated learning environment, it is
difficult to reach all levels of Bloom’s Taxonomy. E-Learning is a suitable train-
ing tool to build habits for digital behaviors. However, it should be examined
if a specific behavior is suitable for becoming a habit. In the area of salience,
e-Learning cannot replace, but certainly support, social marketing measures. In
the area of forming an intention, e-Learning can also help influencing affective
factors, such as emotions and beliefs about a behavior. However, a large part
of the success depends on the quality of the synchronous and asynchronous dis-
cussion options. If discussions or support are insufficient, e-Learning can also
have negative effects [23]. As a consequence, in order to reach the higher levels
of a person’s affective domain, e-Learning cannot sufficiently replace face-to-face
events.

It should be noted that the analysis of the individual situation of a person
is a basic requirement for the design of a targeted ISA e-Learning course. The
purpose of such an analysis is to identify which information security behaviors
are a relevant content to be presented in the e-Learning. For example, if a user
is already well versed in password security, they may not need to attend an
e-Learning about the topic. The analysis also provides for attitudes a user has
regarding these behaviors [27].

For the initiator, organizing e-learning offers some advantages. E-Learning
has great scalability and allows for many people attending a course at the same
time. In addition, an e-Learning course involves less organizational effort com-
pared to classroom sessions. For example, no rooms need to be reserved or
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appointments arranged. For the users themselves, e-Learning has the big advan-
tage that they can freely organize their time. However, this could be a disadvan-
tage, if users are not able to motivate themselves for self-responsible learning.

This paper examines the suitability of e-Learning from a purely exploratory
point of view and using common learning theories. Only the basic suitability can
be examined and theses generated, which should be evaluated quantitatively as
a next step. Based on quantitative results concrete recommendations for the
design of an e-Learning for security awareness can be given. In order to enable
quantitative checks, however, it is being necessary to further research the suc-
cess and effectiveness measurements of e-Learning in particular and information
security awareness in general.
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Abstract. A “deep” approach to education requires considering the
non-linear connections between concepts, which is difficult to do with
the standard linear textbook format. Guided by the cognitive science
literature, we designed a format for a new, non-linear e-textbook format,
and implemented a high fidelity prototype. We tested this prototype
with end-users, measuring its pedagogical efficacy, usability, and overall
likability, in comparison with a linear control. We found no significant
differences in learning outcomes between the two conditions, but a signif-
icantly greater number of participants preferred the non-linear interface.
We suspect that many potential advantages of the non-linear format were
negated by our short study. Future work should study the effects of the
non-linear interface over a longer period of use.

Keywords: Human-computer interaction · Educational technology ·
Cognitive science

1 Introduction

Educators are calling for a “deeper” coverage of learning material—one that
focuses more on the interactions between concepts, within and across domains
[20]. This is a proposed departure from the present dominant “broad” approach,
which prefers to instead focus on covering a large number of concepts in relative
isolation from each other.

Textbooks are important tools in formal education, and making significant
changes to textbooks is a prerequisite for making changes to education as a whole
[27]. Textbooks today are designed to support the broad approach [2,22,30,33]:
there is a need for deep textbooks.

The relationships between concepts have a non-linear structure: they are
hierarchical [1,25,36,39], associative [10,17,31], and multidimensional [15,40].
Communicating non-linear relationships is possible in linear texts, but we think
it comes with a cost. For example, hierarchy can be signalled with language and
with headers, but we think that organizing concepts into a visual hierarchy would
make the relationships more salient to the learner. We think that a non-linear
textbook format would better support the deep approach to education.
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In this paper, we describe the design and study of a novel e-textbook format
which is guided by the cognitive science literature on knowledge representa-
tion and organization. Our non-linear format deviates from the standard linear
format in two key ways. First, we separate content into two types: core and
peripheral, as seen in Fig. 1. Core content corresponds to domain concepts, and
peripheral content grounds these domain concepts in the real world. Second,
content is arranged non-linearly. Core elements are organized in a hierarchy,
and each core element is flanked to the left, right, and bottom by up to three
types of peripheral content. Our format more explicitly communicates the rela-
tions between concepts, reducing extraneous cognitive load [34], which frees up
mental resources for learning.

CoreAntecedent Postcedent

Instance

Fig. 1. Our version of a page: a core concept surrounded by grounding concepts

Our research questions were:

1. Can we create a non-linear e-textbook that accords with the cognitive science
literature?

2. Does this non-linear textbook better support learning?
3. Do users prefer the proposed non-linear format?

To address the first question, we first conducted a review of the cognitive sci-
ence literature. Highlights of this literature review are presented in Sect. 2. This
section also reviews the relevant literature on e-textbooks. Guided by this litera-
ture review, we then designed and implemented a prototype, which is described
in Sect. 3. After designing the prototype, we came across a study which suggested
that our e-textbook interface may present difficulties for certain kinds of learn-
ers. In Sect. 4 we describe this study, and our attempts to examine the challenge
it presents. To address the second and third research questions, and to examine
the just-mentioned challenge, we designed a study to test the effectiveness of our
non-linear interface compared to a linear control. We describe the methodology
of the study in Sect. 5, our findings in Sect. 6, and discuss their implications in
Sect. 7. Finally, we present concluding remarks in Sect. 8.
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2 Background

2.1 Project 2061 and the Next Generation Science Standards

Project 2061 is a research and development initiative aimed at improving literacy
in science, mathematics, and technology through educational reform. The project
was created in response to middling scores [11] in science, math, and technology
literacy among students in the United States [8]. Project 2061 believe that the
science curricula focus too much on breadth, and call for a “radical” reduction in
the total number of concepts students are asked to learn [22]. They believe that
real science literacy requires making connections between science, mathematics,
and technology, with the arts, humanities, and the vocational subjects.

Project 2061 regard the design of new and better instructional material such
as textbooks as an instrumental component of educational reform needed to
improve STEM literacy in the Unites States. Professional development (i.e. train-
ing instructors) is much more expensive in comparison [27].

Partially informed by the work of Project 2061, The Next Generation Science
Standards (NGSS) [20] challenge the designers of curriculum material to present
ideas in a coherent manner. This means that (a) ideas should build upon each
other over lessons and units, and (b) that students understand how the new
content they are learning relates to prerequisite ideas, or other ideas already
present in long-term memory.

2.2 E-Textbooks

Although textbook material presented in an electronic format is widely available
through retailers like Apple, Amazon, and Google, e-textbooks have not enjoyed
the same success as e-books [9]. The typical e-textbook in use today is struc-
turally very similar to print texts, with some additional features added such as
the ability to search the text, and support for multimedia content. Studies com-
paring these kinds of electronic texts and standard print texts typically show
no differences in learning outcomes, but a preference for using standard print
texts [24,29,35]. Four out of five students prefer print texts to digitized texts
despite print being more expensive and less portable, because they are more
familiar, and they better afford highlighting, dog-earing, and annotation [24]. In
a study by Daniel and Woody [9], students using e-textbooks spent significantly
more time reading than those using print texts. In general, it seems that the
drawbacks of the typical e-textbook compared to print texts do not outweigh
the benefits. Authors like Toukonen [35] have argued the current incarnation of
e-textbooks do not properly leverage the advantages of digital media technology
such as dynamicity and non-linearity.

More recently, in response to the issues with this first type of e-textbook,
efforts have been made to create e-books that leverage the interactive nature of
computers. Interactive texts (i-texts) contain less text, and add animations of
key concepts, more questions, and interactive tools [13]. A new system proposed
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by Miller and Ranum [19] incorporates video, code editing, execution, and visual-
ization inside the textbook. A commercial line of i-texts called zyBooks [13] have
recently gained popularity [41]. zyBooks present text interleaved with interactive
examples of the learning material. The approach taken by i-texts is complemen-
tary to our approach: our non-linear text could one day accommodate—and may
well benefit from—interactive material.

DeStefano and LeFevre [12] review studies on hypertext reading, and discuss
the advantages and disadvantages relative to linear texts. Hypertext is more
demanding of working memory resources than linear text because it requires that
readers make a decision before selecting a link. The researchers do not specify
if this additional load is extraneous (i.e. unnecessary), or if it aided learning.
They note that in many cases where hypertexts appear to impair learning, it
is because these hypertexts exceed the working memory capacity of the reader.
Many hypertexts used visual overviews of the content to reduce the cognitive
load burden placed on readers, but these visual overviews were helpful only when
their structure matched the inherent structure of the domain. Structuring texts
hierarchically seemed to aid learning, whereas other structures (e.g. allowing
readers to navigate a semantic network of concepts) seemed to impair learning.

2.3 Review of Cognitive Science Literature on Concepts

E-textbooks should make use of the advantages of dynamicity and non-linearity.
To do this in a way that does not overwhelm readers’ working memory capacity,
e-textbook designers should strive for harmony between the text’s format and
the mind. We conducted a review of the cognitive science literature on concepts,
and this subsection summarizes some key findings.

Knowledge Is Categorical. Concepts are a unit of knowledge about the world.
Through concepts we divide the complex, continuous world into simple, finite
categories, thereby lightening the load of perception [5,26]. Concepts form the
basis for thought and communication [16]. A fundamental property of knowledge
is its categorical nature [4]. A conceptual system is not a collection of holistic
images like a camera. Rather, it is a collection of category knowledge, where
each represented category corresponds to a component of experience, not to an
entire holistic experience.

Knowledge Is Hierarchical. There is evidence that concepts are subdivided
hierarchically in two ways: taxonomically, and partonomically [36]. A taxonomy
organizes things by kind: a McIntosh is a kind of apple, and an apple is a kind of
fruit, but the reverse is not true. A partonomy organizes things by part: a piston
is a part of an engine, and an engine is a part of a car, but the reverse is not
true. This is true of abstract concepts as well, such as governments: a democracy
is a kind of government, and a government consists of the legislative, judicial,
and executive branches. Events have a hierarchical structure as well [1,39].
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Meaning and Use. Philosophical pragmatists hold that, phenomenologically
speaking, the meaning of objects and categories is subjective and situation-
dependent [6]. Objects get their meaning from their relation to a goal. For
example, a chair is canonically viewed as a tool used for seating, but in other
situations it can have a different meaning: it can be a tool used for standing-on,
or an obstacle that impedes motion. This idea underlies a number of important
intellectual works of the last century, including Gibson’s Affordance Theory [14].
Gibson argues that the act of perceiving leads one toward a course of action:
when we perceive a door handle, we do not perceive the object in-itself, but
rather the ways in which we can interact with it.

Grounding Abstract Concepts. Traditionally, there is thought to be a
sharp distinction between concrete concepts and abstract concepts. This view is
supported by so-called concreteness effects, which are well-established cognitive
processing advantages for concrete concepts over abstract concepts: concrete con-
cepts are linked to stronger memories, and they are accessed and comprehended
more quickly than abstract concepts [5]. However, research by Schwanenflugel,
Shoben, and colleagues (e.g. [28]) showed that this processing advantage for con-
crete concepts disappears when people are provided with an instantiating situa-
tion for abstract concepts. Providing concrete examples of abstract concepts has
also shown to be an effective teaching tool [3,23].

Cognitive Load Theory. Cognitive load theory describes the role that work-
ing memory limitations play in the learning process [34]: learning is an informa-
tion processing activity, humans are limited information processors, and so it is
important to manage the information workload placed on students.

Some workload is necessary and desirable, and some is not. What makes
workload desirable is whether or not it contributes to the acquisition of new
concepts and skills. Intrinsic load is the workload inherent to the material being
learned; it is the minimal workload associated with learning a given piece of
information. The driving force behind this type of workload is element inter-
activity, which is the total number of elements that must be considered at one
time in order to understand some piece of information. Learning a concept that
is high in element interactivity requires that a number of elements are held in
working memory simultaneously. Extraneous load is workload that is unneces-
sary and therefore detrimental to learning. An example of this type of workload
is requiring that students search for some piece of information when it could just
be provided for them. The crucial management of extraneous workload becomes
especially important when element interactivity is high, because the learning
task will test the capacity of working memory. Good instructional texts should
keep extraneous cognitive load to a minimum.

The deep approach to education is high in element interactivity, so minimiz-
ing extraneous workload is even more important than in the broad approach.
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3 Design and Implementation

Our primary design goal was to harmonize the structure of our text with the
conceptual structure of its content. We think this will aid the learning process
by reducing extraneous workload in two ways.

The first is by offloading mental work onto the environment. Concepts are
complex—they are multidimensional, hierarchical, and categorical—and the
interrelations between domain concepts and other concepts are brought to the
forefront in the deep approach. If the information regarding how concepts relate
to each other can be represented in the visual environment, it will free up cog-
nitive resources which can be spent on some other aspect of the learning task at
hand, thereby enhancing learning.

The second is by minimizing thought about the text’s structure that is not also
thought about its content. To navigate instructional materials, students must con-
sider its structure. Wherever the structure of the instructional material matches
the structure of the content, any effort exerted thinking about the structure of
the instructional material is also effort spent learning the content. Conversely,
wherever there is disharmony between the two structures, the student will be
exerting effort that does not help them learn the content. For this reason, we
think that the designers of instructional materials should strive for structural
harmony between texts and content.

3.1 Key Features

This goal of harmonizing the structure of the text and its content is realized in
our design in two major ways: we (i) divide content into two major categories:
core and peripheral ; and (ii) allow for the non-linear navigation of content.

Core and Peripheral Content. We identify two broad categories of content in
instructional materials. The first type of content pertains to domain concepts.
Examples of domain concepts from psychology include: operant conditioning,
behaviorism, and working memory. We call these concepts core concepts because
we believe they are the focus of an educational unit, and that learning them is
the primary goal. Since we believe that domain concepts have a important status
in the classroom, we believe that core content should likewise have an important
status in instructional materials.

The second category of content is content that provides grounding context
for the core content, thereby enriching its understanding. These are ideas that
relate the abstract domain concept to the real world. Examples of these kinds
of content include instances of the concept, the history of the concept, and ways
in which the concept can be usefully applied. We identify three categories of
enriching content: antecedents, postcedents, and instances.

Antecedents (Inputs). While each student encounters a domain concept at a
particular instant in time, a concept is something that stretches across time, and
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its past can tell us something about its present. Antecedents are the category
of concepts that come prior to (chronologically or causally) the core concept.
Examples of antecedent content in scientific disciplines include descriptions of
key research, and paradigmatic assumptions.

Postcedents (Outputs). The second category of enriching content involves the
ways in which the concept can be usefully applied in the real world. Since apply-
ing the concept comes after mastering it, from the reader’s point of view this
category of concepts mirror antecedents; we therefore call these postcedents. If a
concept’s use is an important element of its meaning (if not meaning itself), this
category of concepts will be of great interest to learners. And if the primary goal
of education is to foster the development of skills that are socially useful—which
we hold—then this category of concepts is essential.

Instances (Real-World Examples). The concepts students are asked to learn are
all abstractions of instances. There is evidence that abstract concepts are easier
to understand when they are linked to a grounding situation. An example of
an instance of the abstract concept truth is a legal verdict. The three types of
enriching content provide three different types of grounding for each abstract core
concept. We think that linking abstract ideas with ideas relating this knowledge
to the real world will help readers develop better situation models than they
might without this information.

We consider the proposition that these three types of enriching concepts
are important for learning to be uncontroversial as they already feature promi-
nently in textbooks. For example, in psychology textbooks, a domain concept is
often accompanied by real-world scenarios instantiating the concept, key stud-
ies providing empirical substantiation for the concept are often summarized, and
information regarding how the concept can be applied in one’s life. Our proposed
design gives these enriching concepts an elevated status in the text’s structure.
For each core concept, students will be able to quickly see a number of different
ways in which it relates back to the material world.

Non-linear Organization/Navigation. According to our literature review,
concepts have a non-linear structure. That is, they are hierarchical and multidi-
mensional. However, learning materials are typically presented linearly. In linear
texts, hierarchy is signalled (a) linguistically through sentences such as “x is a
kind of y”, and (b) typographically through headers (e.g. chapter, section, sub-
section). The dimensions of a concept, when they are provided, are presented
in-line with the core domain content.

We think a linear ordering of material that is inherently non-linear is prob-
lematic for a number of reasons. First, strict linearity forces a single ordering of
learning material. This is a problem because it seems to us that there is no single
optimal way to arrange learning material: what will be optimal for one student
will be sub-optimal for others, and what will be optimal for one student at one
time under one set of circumstances may for that same student be sub-optimal at



Learning with Trees 409

some other time under other circumstances. A non-linear organization of content
will allow students the flexibility of choosing the order that suits them at the
time of reading. A linear arrangement of non-linear material also introduces a
number of sources of extraneous workload [34]. This problem is especially severe
in the deep approach to learning. We discuss this in more detail in Sect. 4.1.

We think that, rather than present concepts in a linear order and signal
their underlying non-linear features with language and typography, it is better
to simply present the material non-linearly.

We think we avoid the pitfalls of non-linear texts covered in the review by
DeStefano and LeFevre [12] for three reasons. 1. We structure the material
according to the domain hierarchy; 2. we take care to limit navigational free-
dom so that working memory capacity is not exceeded; and 3. we provide a
hierarchical visual overview of the content.

3.2 The Model

We propose the following model for an e-textbook interface, incorporating the
key design concepts just discussed.

There are many different ways of positioning core and peripheral elements
with respect to each other. We elect the arrangement depicted in Fig. 1. Core
concepts are given a central position reflective of their preeminent status in
education, and they are flanked by enriching concepts to the right, bottom, and
left. We place antecedents to the left, and postcedents to the right of the core
because these three elements comprise a timeline of past, present, and future,
and in the English-speaking world we think of time as flowing from left to right
[37]. We place instances beneath the core because an instance is a taxonomical
concept, and taxonomies are intuitively vertical [25], with instances being the
lowest element. For each domain concept, students will quickly and easily be
able to see up to three kinds of grounding information.

Core-peripheral clusters (the objects depicted in Fig. 1) are organized into
a hierarchy. Students navigate through the text by moving up and down this
hierarchy. A visual representation of the hierarchy—that is, a tree graph—should
be provided to give students an overview of the concepts they will be asked to
learn, and to allow quick and easy navigation to various locations in the tree.

3.3 Early Prototypes

The sketch in Fig. 2 shows our earliest attempt at an interface that is consistent
with the model just described. At this stage, we intended on providing both
a partonomy, which would be descended by clicking buttons in the middle of
the sketch, and taxonomy, which would be descended by clicking nodes on the
extreme bottom of the page. Making a sharp distinction between partonomy and
taxonomy made the interface crowded and confusing, while not offering a clear
educational advantage, so this distinction was dropped in later iterations.

A high fidelity prototype featuring a simpler design is shown in Fig. 3. We
conducted a cognitive walkthrough [32] with two human-computer interaction
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experts, who made a number of recommendations, the most important of which
was to include a visual overview of the text structure to prevent overwhelming
the working memory resources of readers. The experts also recommended the
inclusion of text search, and slide-in/out animations for showing peripheral con-
tent, to reinforce the impression that this content is positioned either to the left,
right, or beneath the core content.

3.4 High Fidelity Functional Prototype

We implemented the functional prototype of the interface, shown in Figs. 4, 5
and 6 using JavaScript, HTML, and CSS. Text corresponding to the currently
selected domain concept is shown in the middle of the screen. Clicking on buttons
on the periphery triggers an animation where a panel “slides-in” from the side of
the window the button is on. The panel features either peripheral content (left,
right, bottom), or the “treemap” (top).

Fig. 2. Paper prototype: early design
iteration

Fig. 3. High fidelity prototype: a
refinement of the sketch in Fig. 2

Figure 5 shows the result of clicking on a peripheral button. Content pertain-
ing to the peripheral concept, in this case an important prior study, is shown
in the middle of this pane. Multiple peripheral concepts can be included on a
single pane. When this happens, buttons are placed above the text area. When
clicked, the displayed text underneath changes accordingly.

What we call the “treemap” is a visual representation of the the hierarchy
linking together core concepts, which we implemented using d3.js [21]. Figure 6
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Fig. 4. Our functional, high fidelity, prototype for a non-linear e-textbook.

shows the full treemap, which is made visible after clicking the “Map” button at
the top of the screen. The currently selected node is shown in red, and visited
nodes are greyed-out. Clicking a node allows users to navigate to its correspond-
ing concept. In the top-left of the treemap pane is a text box which allows users
to perform a text search of the e-textbook.

A miniaturized version of the treemap is shown at the top of the main page
(Fig. 4), showing the parent, sibling, and child nodes of the currently selected
node. The mini-treemap shows users their local environment at a glance, and
lets them easily move through the tree in single steps.

3.5 Answering Research Question 1

Our first research question was: Can we create a non-linear e-textbook that
accords with the cognitive science literature? At this stage, we felt we were able
to answer “yes”. Our design has a hierarchical and multidimensional structure,
and it provides several types of grounding for abstract concepts.

3.6 Linear Interface

To examine the effects of non-linearity on support for learning in our study
(described later in Sect. 5, we created a second interface (Fig. 7 with the same
look-and-feel as the non-linear interface, except with linear organization and
navigation. The mini-treemap and the treemap were removed. In place of the
treemap was a numbered list of concepts which, when clicked, brought the user to
that part of the text. We replaced the basic functionality of the mini-treemap (i.e.
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Fig. 5. Viewing peripheral content: the result of clicking the “Key Research” button

Fig. 6. The “treemap”: a navigable, hierarchical table of contents (Color figure online)
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incremental movements through the text) with forward and backward buttons
on the left and right periphery.

4 Challenge to the Design

The model just presented is a text of higher coherence than the standard linear
text format: The present model more explicitly shows the structural relations
between entities than standard linear texts. Since the goal of education is to
foster learning, and learning involves making connections between ideas, one
would assume that a more coherent text would offer an educational advantage
over less coherent texts.

However, research by McNamara et al. [18] suggests that high coherence texts
might not always be better. In their study, they found that high coherence texts
helped all learners for more superficial forms of learning (essentially text mem-
orization). When it came to deep learning (i.e. developing a “situation model”
[40] of the text), low knowledge learners benefited from the high coherence text,
but high knowledge learners learned more with a low coherence text.

McNamara et al. argue that high knowledge participants were harmed
because they did less active processing when using the high coherence texts.
Low knowledge participants, this argument goes, are helped by the high coher-
ence texts because it provides key knowledge that they do not already have.

Fig. 7. The linear control interface. The mini-treemap is removed, and peripheral con-
tent is placed beneath the core content inside grey boxes.
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The high knowledge learners learn more from low coherence texts because they
are already in possession of the required background knowledge to form a rich
situation model, and a low coherence text forces them to pay attention to the
relations between the concepts presented in the text.

4.1 Examining the Challenge

Sweller, Van Merrienboer, and Paas [34] offer an alternative explanation for the
results shown by McNamara et al. [18]. They say that high knowledge learners
demonstrate shallower learning when using high coherence texts because, for
them, these texts introduce extraneous workload. The information conveying the
relations between concepts is redundant for high knowledge learners, and reading
this information is therefore a waste of cognitive resources.

If this explanation is accurate, we believe our high coherence text can avoid
the pitfalls observed in McNamara et al. because we reduce extraneous workload
compared to a standard linear text in three ways.

The first is by reducing opportunities for thinking about the structure of text
that is not also thought about the structure of content. When navigating a text-
book, the students must frequently think about the text’s structure. For example,
when searching for a particular concept, the student thinks about chapters, sec-
tions, and pages. Whenever the structure of the text does not match the structure
of the concepts it contains, this is extraneous workload—wasted thought. Since
the structure of our non-linear format is more harmonious with the structure
of the concepts it contains, whenever this happens the student is learning, and
the opportunities for this kind of wasted thought are reduced. The second is by
showing structural relations spatially, not linguistically. Our non-linear format
signals hierarchical information through the spatial position of elements, which
we think will interfere less with the reading task—a linguistic activity.

Our study, described in the following section, is designed in-part to examine
the potential issues raised by McNamera et al. For this preliminary investigation
into the effectiveness of our proposed interface, due to constraints of time and
space, we decided to examine only the effects of non-linearity, setting aside the
effects of dividing content into core and several kinds of periphery.

5 Methods

With this study we aimed to address our second and third research questions,
which are: does this non-linear textbook better support learning? and Do users
prefer the proposed non-linear format? As such, we were interested in comparing
our non-linear design with a linear control in terms of learning outcomes, both
subjective and objective, usability, and overall likability.

The results of a study by McNamara et al. (see: Sect. 4) raise the possibility
that our high-coherence design may result in shallower learning for high knowl-
edge learners compared to the standard linear format. To address this potential
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problem, we (a) sorted participants into high- and low-knowledge groups accord-
ing to the results of a test of general knowledge of psychology, and (b) asked
questions designed to target both deep and shallow forms of learning in our
objective learning outcome measures.

Including two rounds of pilot testing, we tested our design with over 40
participants. Only the main study (after pilot testing) is described here. This
study was approved by the Carleton University Research Ethics Board.

5.1 Participants

Twenty-six participants (13 female, 13 male) volunteered to participate in this
study. Twelve had backgrounds in cognitive science, and the other half had an
assortment of backgrounds. Participants were alternately assigned to either the
non-linear (n = 13) or linear (n = 13) condition.

5.2 Materials

Participants read content using either the non-linear format, or the linearized
control. The e-textbooks were presented using Mozilla Firefox featuring add-ons
to eliminate all GUI elements except for the main display frame. The System
Usability Scale (SUS) [7] was used to gauge participants’ perceptions regarding
the interface’s usability.

Participants completed two multiple choice tests designed by us. The first
was taken before the reading session and assessed background knowledge in
psychology. The other was taken after the reading session, and assessed knowl-
edge of the material they had just read. Both tests consisted of multiple choice
questions (16 and 19 items, respectively). We decided against having overlap-
ping questions between the two tests (i.e. no questions that were asked in the
background assessment test were asked again in the post-reading test) to avoid
priming participants.

5.3 Procedure

Participants completed a 16-item questionnaire assessing background knowledge
in psychology. We later used the results of this test to sort participants into high-
and low-knowledge groups.

Next, participants were presented with a demo interface, which was the inter-
face they would be using in the main task except featuring placeholder text.
Participants were given a brief verbal description of the interface and how to
navigate it, while participants practiced using the interface. Once participants
were comfortable with the demo interface, they were presented with the ‘real’
interface featuring content from an introductory psychology textbook [38]. Par-
ticipants were asked to read all of the content contained in the interface, which
took about 20 min. We observed the participant’s interactions with the interface
indirectly through the laptop’s main screen.
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After the reading session, participants were given a post-test on the mate-
rial they read, which featured questions targeting deep and shallow learning.
Participants then completed the SUS scale.

Following the completion of the post-task questionnaires, we conducted
a semi-structured interview with participants about their experience using
the interface, their attitudes towards reading and textbooks, and about their
approaches to learning.

Finally, we showed participants the interface they did not use in the main
task. After giving a quick demonstration, we invited participants to try the
interface themselves. We then asked which interface they preferred.

6 Results

The purpose of this study was to address our second and third research questions.
We address the findings for each below.

6.1 Answering Research Question 2

To answer the second research question, we asked participants to complete a 19-
item multiple choice test of the material they read during the reading session.
The test featured three kinds of questions: 11 text based questions, four bridging
inference questions, and four problem solving questions. Text-based questions
assess the reader’s representation of the text (shallow learning). The latter two
question types assess the reader’s representation of the situation described by
the text (deep learning). We are mostly interested in the deep learning questions.

A summary of the results of the post-reading scores is shown in Table 1. We
divide participants into two groups, low and high knowledge, based on their
performance in the pre-test assessing background knowledge in psychology. Par-
ticipants who scored greater than the median score (Mdn = 0.5/1) were placed
in the high knowledge group (n = 13), and participants who scored less than the
median score were placed in low knowledge group (n = 13). We compare test
scores by question type for low knowledge and high knowledge learners, for both
interface conditions. For sake of completeness, we include the combined scores of
low and high knowledge participants (under “Combined”), and the overall test
scores (i.e. regardless of question type) (in the rows labelled “Overall”).

A number of one-tailed independent samples t-tests were conducted to com-
pare the performance of high and low knowledge participants in the two con-
ditions for each type of question (text-based, bridging inference, and problem
solving), where “performance” means the proportion1 of correct scores on the
post-reading test. For all combinations of question types and knowledge levels,
there were no significant differences between the linear condition and the non-
linear condition.

Finally, we examined the learning effects for the two conditions, where ‘learn-
ing effects’ means the post-reading test score minus the psychology background
1 We treat the scores as continuous data.



Learning with Trees 417

Table 1. Proportion of correct responses in the postreading test for the two conditions
by knowledge and question type

Linear Non-linear

High knowledge n = 7 n = 6

Text based .68 .62

Bridging inference .61 .62

Problem solving .50 .42

Overall .62 .58

Low knowledge n = 6 n = 7

Text based .56 .56

Bridging inference .33 .61

Problem solving .42 .39

Overall .48 .53

Combined n = 13 n = 13

Text based .62 .59

Bridging inference .48 .62

Problem solving .46 .40

Overall .56 .55
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Fig. 8. Learning effects by condition

knowledge test score. Boxplots of the learning effects by condition are shown in
Fig. 8. Learning effects were greater in the non-linear condition than in the linear
condition. However, the notches indicating the 95% confidence interval around
the median overlap, suggesting that these results are not significant.

6.2 Answering Research Question 3

System Usability Scale Scores. To see if there was any difference in perceived
usability between the two conditions, we asked all participants to complete the
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SUS questionnaire, and then compared the results for each condition. The SUS
is generated from Likert-scale questions, which means we look for differences
between the scores for the two conditions using the non-parametric Wilcoxon
rank-sum test. The Wilcoxon rank-sum test indicated that there was no signif-
icant difference between the SUS scores for the linear condition (Mdn = 50.5)
and the non-linear condition (Mdn = 50), U = 71.5, p = 0.5.

Interface Preference. During debriefing, at the end of the study session, par-
ticipants were shown and given a description of the interface they did not use,
and were asked which they preferred. 18/25 (72%) of participants said that they
preferred the non-linear interface to the linear interface. A chi-square test of inde-
pendence showed that the difference between the total number of participants
who preferred the non-linear interface (n = 7) was significant, χ2 (1, N = 25) = 8,
p = .005.

6.3 Post-experiment Interview: Key Themes

Participants who preferred the non-linear interface tended to appreciate its orga-
nization, with several noting that it helped show how the various ideas “fit
together”. Many participants appreciated that the text was categorized into
smaller units than one would typically find in a standard textbook. Many par-
ticipants noted difficulties with the standard prose format, where content is
provided in big, relatively undifferentiated blocks of text. Some felt that this
format was “intimidating”, and others felt going through many pages of these
big blocks of text to be “monotonous” and “boring”, and that these texts seem
to “go on and on”. A number of participants noted that the ideas presented in
standard texts tended to get mixed up in their heads, and that they felt that
the larger organizing structure provided by the treatment condition would help
prevent this from happening. They found that organizing the content in a hier-
archical tree made it appear more manageable. A few of the participants who
preferred the treatment interface said that they did not enjoy reading in general,
and that this interface made reading less difficult for them.

We asked a number of participants if they preferred text in textbooks to
appear in smaller or larger chunks, and all said that they preferred smaller chunks
of text. We thought this result was favorable to our non-linear design, which
breaks up text into smaller chunks than standard linear texts as a consequence
of the division of content into core and three kinds of peripheral, and keeping
this content in separate locations in the UI.

Participants who preferred the linear interface tended to like its straightfor-
wardness, and found the non-linear interface “confusing”. They generally seemed
to find the freedom of choice in terms of navigation overwhelming.
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7 Discussion

We observed no significant differences between the two conditions in terms of
objective or self-reported learning outcomes. Yet, a significantly greater number
of participants preferred the non-linear interface to the linear interface.

Contrary to our expectations, we did not find that the non-linear interface
offered a learning advantage. In this section, we discuss what we feel are the
most likely reasons for this. Overall, we suspect that the reading session was too
short and the amount of text participants read was too little for the advantages
of the non-linear interface to become apparent.

Not Enough Time for Reflection. The treemap allows readers to see how all of
the ideas in a domain “fit together”, which should be good for deep learning. We
think that participants were too busy reading to take advantage of this benefit.
Each reading session was relatively short: approximately 20 min, and the amount
of content contained in the interfaces meant that participants had to read at a
relatively quick pace. In all except one case they did not have enough time to
revisit content, let alone to reflect on how things “fit together”.

The Costs of Learning a New Interface Outweighs the Benefits. Our non-linear
interface is a new way of viewing and interacting with text, whereas the linear
text was modeled on pre-existing e-textbooks, which in turn are modeled on
physical print media. Learning something new, whether it is text or how to
use a new interface, requires the deployment of working memory resources. Our
text required more learning, which means there are fewer resources available for
learning the content. It is possible that the benefits offered by the non-linear
organization of content was overshadowed by the costs associated with learning
the new interface.

Affective Advantages Negated. We think that some features of our non-linear
interface would offer an affective advantage. For example, the non-linear inter-
face does not enforce any particular path through the text: students must decide
for themselves which path to take. This may give students an increased sense
of agency, which could imbue their traversal through the material with more
personal meaning. Our interface also breaks up text into smaller pieces than
standard linear texts, which seemed to be a relief for a number of our partici-
pants who felt overwhelmed by large blocks of text. Learning outcome effects of
affective advantages like these would develop over longer periods of time, and in
any case would likely be too subtle to be detected by the data gathering methods
we employed.

Small Sample Size. Our main study had 26 participants, which meant there were
only six or seven participants in each knowledge level-interface condition group.
The study by McNamara et al. [18], which we modeled our study after, had 56
participants—more than twice the amount. Perhaps increasing the total number
of participants would have yielded significant results.
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8 Conclusion

In this paper, we presented the design, implementation, and subsequent study
and analysis of a novel non-linear e-textbook format. Our design was guided by
the cognitive science literature on concepts. Out e-textbook format differs from
standard textbooks by organizing content non-linearly, and by making a strict
distinction between core and peripheral content. We conducted a user study
where we compared our non-linear design with the standard format in terms
of learning outcomes, usability, and overall likeability. We found no significant
differences between the two interfaces for learning outcomes and usability, and
found that our interface was better-liked by participants. We feel that many of
the advantages of our non-linear format will only become apparent after long
periods of use.

We were able to design and implement a functional prototype concording with
the cognitive science literature on the structures of concepts. We are encouraged
by the fact that participants preferred this novel non-linear design, and that the
two interfaces seemed to provide similar support for learning in spite of the fact
that the non-linear design was unfamiliar. For many participants, this design
seemed to fulfill a need that linear texts were not providing: many students are
looking for a non-linear alternative to the standard format. Future work should
examine the effects of this non-linear format over longer periods of use.
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Abstract. Considering stagnant interest in science, technology, engineering
and math (STEM), on the one side, and an increasing dropout rates in computer
science at different levels of the university education due to difficult and com-
plex learning contents, on the other side, appropriate technology solutions which
support learners are very promising. In this study we examine a digital learning
assistant in the form of tangible objects interacting with a multi-touch table-
top. This learning tool is meant to support students in the way they learn
complex material. In an experimental setting, participants working in groups had
the task to acquire novel learning content (i.e., regular expressions) and, using
the assistive technology, to assign the correct expressions to their predefined
terms. Results revealed that the users’ psychological factors and performance
factors which result from the interaction with the learning tool are significantly
connected with the correlates of acceptance and affect, therefore, the later
adoption of such technology. The positive overall assessments show a high
attachment for, and willingness to, use such technology. However, user diversity
has to be considered in the design and further development. Knowledge gained
discloses expedient hints for technology-enhanced learning that can support and
accompany the education at different levels, i.e., in schools, vocational training,
and university education.

Keywords: Tangible user interfaces � Learning assisting technology �
Technology acceptance � User diversity

1 Introduction

In recent years, due to the ongoing digitalization, learning and working environments
have decisively changed [1]. The majority of knowledge-based, professional fields
increasingly use digital tools and processes, requiring more and more basic computer
science skills. This represents a high demand for professional computer scientists. In
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addition, education in the fields of science, technology, engineering and mathematics
(STEM) are facing crucial challenges resulting from a ubiquitous use of, and need for,
different kinds of technology.

Instead, reality unfortunately does not look very promising in this respect. Espe-
cially among the undergraduate computer science students, the university education is
tremendously afflicted with high dropout rates [2]. But also, high numbers of graduates
who are willing to enter STEM courses of study leave these fields or changes to non-
STEM fields, leading to high attrition rates as well [3]. The complex and frequently
very abstract subject matter of these study programs is difficult for learners to
grasp. Accordingly, students often perceive the study programs as being too compli-
cated to comprehend [4].

In this study we present a digital learning assistant – a learning tool that is meant to
support students in the way they learn complex material – and examine its acceptance
in association with different user factors.

1.1 Related Work

The Role of Technology in Education. Since the beginning of the 20th century, the
introduction of technological assistance for teaching has been promoted and propagated
but has also been discussed intensively. The desire to use new technologies to com-
pensate for the weaknesses of the education system has not yet been fulfilled by any
technology alone. The weaknesses of the education system worldwide are the average
from teacher to pupil, the lack of promotion of individual learning speed, and the low
influence on the motivation and attention of the pupils. The most important goal is the
associated increase in general learning success.

Edison formulated his wish and belief in the success of new technologies back in
1922: “I believe that the motion picture is destined to revolutionize our educational
system, and that in a few years it will supplant largely, if not entirely, the use of text-
books in our schools” [5] (p. 9). Nowadays books are just as much material in class as
they were 100 years ago. Even the approach of electronic textbooks has not yet been
able to replace this. Thus, this quote also reflects the central criticism of the use of
technology in teaching: The use of technology alone does not improve learning success
– regardless of the use of tablets, smartphones, laptops, interactive whiteboards, multi
touch tables and augmented (AR) or virtual reality (VR) devices.

Many meta-studies show a positive influence on learning success when using
technologies with medium or small effect size, country and culture independent (e.g.,
[6–11]. However, a purely technology-based comparison and evaluation is not per-
missible, since didactic design is at least as important a separating variable. General
statements about learning success using a technology are at best dubious and at worst
wrong without considering the entire didactic design.

We aim to integrate technology into the learning process, where conventional
methods have weaknesses that can be compensated by technology. One example is the
individual fostering of learners in group learning scenarios. Our research direction is
therefore based on the one hand on the pedagogical principles [12, 13] and on the other
hand on the theories and models of how multimedia content can be used with
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technologies in a target-group oriented way [14, 15]. The learning evaluation is based
on the work of Bloom’s taxonomy [16] and Krathwohl modifications [17].

User-Centered Technology Acceptance. The pace of technological advances coupled
with a growing shortage of skilled workers, especially in STEM disciplines, cause a
need for action and enables, at the same time, to reshape the education systems. Indeed,
introducing new technologies is not an easy task: Not only that the intended device or
system has to operate technically flawlessly, but also the product design must be
optimally adapted to the requirements of the end user, who has to accept the technology
accordingly, so that it can be implemented in the corresponding areas of life. Thus, in
the end technology acceptance is the key criterion for a successful adoption in the long
run.

Technology acceptance has been discussed in the literature intensively in different
application fields. Originally, this topic revolved around job-related information and
communication technologies that were used to increase productivity and work effec-
tiveness. On the other side, lack of acceptance has been identified as a significant
impediment to the successful implementation and adoption of new information systems
[18, 19].

In the first place, this research has been strongly influenced by the theory of
diffusion of innovation proposed by Rogers [20] that was focusing on the process of
adoption of novel technology devices or products among the users. Ever since, several
empirical models have been developed to understand key factors of technology
acceptance. One of the most prominent, empirically repeatedly validated models in
different fields of application is the Technology Acceptance Model (TAM) [21] and its
further development the Unified Theory of Acceptance and Use of Technology
(UTAUT) [22, 23], which constitute the theoretical framework for this study.
According to TAM, perceived ease of use and perceived usefulness are the key
components of the technology acceptance. In this model, attitude of the user serves as a
key mediating aspect between beliefs and usage intentions [24]. However, since
diversity of the users and performance expectancy have been proven to play an
important role in the intention to use and the actual behavior, we additionally refer to
the comprehensive UTAUT-model when examining these aspects in the present study.

1.2 Assistive Technology for Learning: Tangibles on Multi-touch
Tabletops

For the purposes of the study, a digital learning assistant was used which was meant to
assist students in learning new subject matter. The learning tool consists of a multi-
touch tabletop – a large display mounted as a table – which allows its users to stand
around it and collaboratively interact with presented digital items. The information
displayed on the tabletop can be manipulated, using tangible user interfaces (TUI).
Figure 1 depicts the learning tool as it was used in the study.

A learning application was developed to teach the students pattern recognition with
regular expressions (regex) in a collaborative setup on such multi-touch display, sup-
porting meaningful interaction with and without tangibles. The application based on an
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instructional approach and consisted of three modes, which are described in more detail
in Sect. 3.1.

1.3 Objectives of the Research

In an experimental study, participants worked in groups of four persons and their task
was to assign correct expressions to their predefined terms and, therefore, collect as
many points as possible. The participants worked yet individually in the learning mode,
but then collaboratively in the actual experimental trial. Prior to the interaction with the
tangibles on multi-touch tabletop, participants filled in the first part of a quantitative
survey, which collected demographic data and information about different user factors
(e.g., attitudes toward technology use). Directly after the interaction, a second part of
the survey was pursued, which evaluated the learning and the teamwork success, and
the correlates of acceptance of the given technology (e.g., ease of use, intention to use).
Finally, participants discussed within their groups ethical, legal and social implications
(ELSI) of the learning tool for the university education.

Three main objectives were addressed in this study: First, we examine the correl-
ative relations between the user factors, like cognitive, attitudinal, and performance
factors, and factors associated with technology acceptance, such as perceived ease of
use, intention to use the assistive technology and (collaboratively achieved) learning
success. Second, we investigate how user diversity, which referred to participants’
gender and their level of education, affects the learning success and the acceptance of
the learning tool. And third, we reveal the most powerful predictors for the acceptance
of the technology among the considered research variables.

2 Method

In order to examine whether collaboratively working students can learn new subject
matter (i.e., regular expressions), and to understand how they evaluate and accept the
learning assistant device in the context of this purpose, an experimental user study was

a) A multi-touch tabletop for collabora-
tive working 

b) Tangible as a user interface

Fig. 1. Assistive technology for learning as used in the study: (a) a multi-touch tabletop for
displaying the digital information, (b) tangible object as an input and feedback device.
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conducted. Focus of the study was to let participants use the assisting tool for a learning
task and, thereby, assess their performance and acceptance in terms of the technology.

The experiment was conducted at the InfoSphere – Student Laboratory for Com-
puter Science at the RWTH Aachen University – in a laboratory environment. Par-
ticipants were recruited partly directly from the university, and partly from the
immediate social network of the authors.

In this section, firstly, used materials are described, followed by the presentation of
the experimental procedure and the research approach. Description of the sample closes
the method section.

2.1 Materials

Hardware Design. The learning application, which was especially conceived for our
experimental purposes, was installed on an 84″ Microsoft Surface Hub. This multi-
touch display is able to detect up to 100 touch points on a 220 � 117 cm display with a
resolution of 3840 � 2160 pixels. The display was brought in a horizontal position on
a metal frame with wheels, bringing the surface to a height of 87 cm, suitable for most
adult learners. Figure 1 depicts the hardware.

Another aspect researched in this setting is the learning effect of tangibles. One
strength of tangibles is to reduce the distance between the data and the way they are
manipulated. Thus, tasks with a spatial representation can be solved more quickly [25].
Furthermore, the manual manipulation of toys while reading a story helps children to
understand the content of the story. This approach also helps in Number Board Games
to understand orders of magnitude. In addition, learners achieve better learning success
when they work with haptic, visual and auditory content and feedback than with just
one of these types [26].

In our setting, we use tangibles as haptic devices that are recognized by the
capacitive touch screen. The tangibles offer bidirectional communication, opening
another personal feedback channel by lighting up, buzzing and vibrating on interaction.

Software Design. As the task was to learn basics of regular expressions, the learning
application was primary conceived for testing of the learning assistive tool in an
experimental setting.

Regular expressions can be didactically reduced due to a differently complex
representation. The length of the words and the iterative introduction of the different
operators make it easy to design tasks of increasing degrees of difficulty.

The application consisted of three modes: one demo-mode, one learning mode and
a collaborative mode. Participants were provided with direct feedback after each
interaction (i.e., moving a matching word to a predefined regular expression): A green
background of the regular expression and a slow 360° rotation of the word were chosen
for a correct assignment, and a red background and a short twitch of the word in case of
a wrong assignment of the regular expression.

During the interaction with the learning tool, in each user’s personal zone appears a
regular expression (e.g., a|b, c|cd*), which has to be matched with correct expressions
presented in the middle of the tabletop display. There, different distractors and
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character sequences pop up next to the target items which have to be matched to the
correct regular expressions. Each participant has a different target expression and the
task is to find and match as many correct items as possible. A correct match (confirmed
with green) brings two additional points, which are added up for the whole group. In
case of a wrong matching, the expression returns to the central part of the tabletop, for
feedback the upper bar of the personal area flushes in red, and the user – and so the
group – loses one point.

2.2 Experimental Procedure

Participants were tested in groups of four persons and the experimental setting was
divided in several steps:

First, participants were introduced into the general topic and motivation of the
research, and they were informed about the general aim as well as the course of the
study. At this point, formal framework conditions were also clarified, i.e., that their data
was being recorded in order to measure performance and, therefore, the learning
success. Moreover, participants were informed that their interaction with the assistive
technology would be recorded on video, not exposing their faces in frame, but only
their hands.

Second, previous to interaction with the learning tool, participants completed a first
part of an online survey (pre-survey), filling in information about their demographic
characteristics (i.e., age, gender, level of education), attitudes towards technology, as
well as prior knowledge of regular expressions. After finishing this part, number
connection test [27], which provided information about participants’ perceptional speed
was pursued.

In the third part of the experiment participants interacted with the digital learning
assistant. The task was to assign the correct expressions to their predefined terms,
collecting as many points as possible in the designated time (90–120 s). The task
difficulty increased thereby from one experimental trial to another. Before the actual
interaction started, learners got an introduction to regular expressions and a manual,
where the experimenter explained the basic regex-operations with examples. Once the
theoretical part was done and the emerging questions answered, the experimenter
demonstrated the way the digital learning tool works, showing how to place the rec-
ognized regular expression to the individual target space. After this, participants started
a learning session, where they could test the technology by themselves in order to better
understand the application and the idea of regular expressions. Participants interacted
with the learning application in two rounds, each 90 s; afterwards, they still had time
and possibility to ask questions, when required. In the final, experimental trial, par-
ticipants absolved two collaborative gaming sessions, each 120 s.

After the interaction with the multi-touch display, a post-experimental question-
naire followed. This part of the questionnaire allowed evaluation of the system usage
and feedback modalities, and enabled to gather information about perceived learning
success and acceptance.

Finally, participants discussed ethical, legal and social aspects connected to such a
collaborative technology-enhanced learning. The time for the completion of the whole
operational sequence never exceeded 90 min and averaged around 70 min.
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2.3 Research Approach

The research variables used in this study focus on different user factors related to
acceptance criteria, which are considered factors leading to a long-term adoption of
assistive learning technologies – as such presented above – in the education. Figure 2
summarizes the research design used for the purposes of this study.

Based on the concept of the user-centered design (e.g., [28, 29]), we included
gender (females vs. males) and level of education (students of bachelor’s program vs.
master’s program) as variables referring to the user diversity among the potential users
of learning assisting technologies. Using these as independent variables, we examine if
criteria of acceptance significantly differ between the particular user groups. Moreover,
factors referring to cognitive (i.e., processing speed, according to Oswald and Roth
[27]) and psychological aspects of participants (i.e., attribution in dealing with tech-
nology, according to Beier [30], motivation and fun1) as well as their resulting inter-
action performance (i.e., achieved score, duration of interaction and the number of
successful movements) were considered in the subsequent analyses to get an overview
of the correlative relationships and find out which of these are the best predictors for
acceptance.

Finally, as dependent research variables acceptance criteria were used:

• Perceived learning and teamwork success: self-evaluations to be assessed on 6-point
scales reaching form 1 (= ‘not successful at all’) to 6 (= ‘absolutely successful’);

• Perceived ease of use (PEoU): a score of 7 items (e.g., “It was easy for me to
perform the necessary actions.”) to be assessed on a 6-point Likert scale reaching

Fig. 2. Research design used in the present study.

1 Self-developed items for motivation (e.g., “I was inspired to do the job as best I could”) and fun (e.g.,
“Interacting with the game was fun.”) to be assessed on 6-point (dis)agreement scales.
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form 1 (= ‘I do not agree at all’) to 6 (= ‘I absolutely agree’); Cronbach’s
alpha = .84;

• Intention to use (ItU; “I would like to use such game environment more often for
education purposes”) to be assessed on a 6-point agreement scale.

2.4 Sample Description

In total N = 45 persons participated in the study and they were randomly assigned to
the respective experimental groups (three to four persons each session). All participants
were novices as regards the use of the learning tool and for most of them (89%) the
concept of regular expressions was a novelty. The sample consisted of 49% females
and 51% males, of which 56% reported to currently study in the master’s program and
22% in bachelor’s program; 22% of them were not (any longer) in their studies.

Overall, participants reached a relatively high average score in attributions of self-
confidence in dealing with technology (M = 74.3 out of maximum 100, SD = 19.7). In
addition, in the sample achieved mean values in motivation (M = 81.8/100, SD = 14.5)
and fun (M = 82.5/100, SD = 13.5) indicate a favorable attitude towards the used
technology and a vital prerequisite for a successful adoption on the long run.

Participants were recruited directly from the university and from the immediate
social network of the authors. The participation in the experimental study was vol-
untary and attendees were not compensated for participating.

3 Results

Results presented in this section were analyzed, using bivariate correlations, t-tests and
multiple linear regression analyses. Pearson’s product-moment correlation coefficients
(q) were calculated for continuous variables and for dichotomous variables Spearman’s
rank correlation coefficients (rs) were used. For descriptive analyses, means (M) and
standard deviations (SD) are reported. The level of statistical significance was set to 5%
and two-tailed tests were used for the statistical analyses.

In this section we, firstly, provide an analysis of correlative relationships between
the user factors and acceptance criteria for the learning tool. Secondly, we examine the
influence of gender and education level on the evaluations of interaction with the
assistive technology and the perceived learning success. And thirdly, we determine the
best predictors for the acceptance of the used technology.

3.1 Interrelations Between User Factors and Acceptance Factors

To provide an overview of the associations between the research variables, in the first
step we perform a correlation analysis for the previously described user factors and
aspects referring to acceptance of the assistive technology. Figure 3 summarizes the
resulting coefficients between these factors.
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The results of the bivariate correlation analysis show that user factors are moder-
ately related to the factors of acceptance. Especially psychological factors are signifi-
cantly correlated with aspects that promote accepted use of digital learning assistant.
Fun, for example, seems to be a key user factor which is positively linked with all
acceptance variables: It correlates significantly with the learning success (q = .31,
p = .038) and teamwork success (q = .36, p = .030), and it is associated with the
perceived ease of (q = .32, p = .018) and the intention to use the learning tool
(q = .40, p = .006). The latter acceptance factor is also positively linked to the user’s
motivation (q = .42, p = .004), which is also positively related to the individual
learning success (q = .35, p = .019). High processing speed makes user perceive the
technology as easier to use (q = .32, p = .030) and higher means in attributed self-
confidence in dealing with technology are moderately correlated with better teamwork
success (q = .34, p = .023).

Moreover, performance aspects are positively connected with acceptance, indicat-
ing that a higher intention to use the assistive learning technology in the future goes
along with reaching high scores (q = .41, p = .010), longer durations of interaction
(q = .38, p = .017), and higher number of successful movements (q = .37, p = .019).
On the contrary, higher average results in the performance factors correlate negatively
with the teamwork success, which indicates that subjectively perceived high perfor-
mance is not necessarily interpreted as a team success.

The bivariate correlation analysis shows that psychological and performance-
related user factors are significantly related to the acceptance criteria.

Fig. 3. Correlative relationships between user factors and acceptance factors (N = 45; gender
coding: men = 1, women = 2; **p � .01, *p � .05).
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3.2 Impact of User Diversity on Accepted Technology-Enhanced
Learning

In the next step, we examined the influence of the user diversity factors gender and
level of education on variables, referring to the acceptance (i.e., PEoU, ItU, perceived
learning and teamwork success) and evaluations of the interaction with the learning
technology.

Aspects of Acceptance. Using independent-samples t-test, firstly differences between
the gender groups were examined, considering the acceptance criteria used in this
study. The analyses revealed no statistically relevant differences between males and
females when it comes to assessments of the perceived ease of use [t(43) = −0.26, n.s.]
and the intention to use the device [t(43) = −0.51, n.s.]. Regarding perceived learning
success [t(43) = −0.27, n.s.] and teamwork success [t(42) = −1.74, n.s.], the opinions
between the gender groups did not differ either.

Further, we tested whether the criteria of acceptance are influenced by the level of
education, comparing opinions of students in bachelor’s vs. master’s program. The
analyses disclosed statistically significant differences for the perceived ease of use of
the technology [t(33) = 2.08, p < 0.05] with bachelor students (M = 77.9, SD = 8.2)
reaching considerably lower means than master students (M = 85.4, SD = 12.6). The
main effect of the level of education on the PEoU is depicted in Fig. 4.

On the contrary, differences in the education groups are absent for the intention to
use the tool [t(33) = −1.91, n.s.] as well as with regard to the perceptions of learning
[t(33) = 0.14, n.s.] and teamwork success [t(32) = 0.25, n.s.]. Overall, the reached
means consistently show a quite high acceptance of the technology.

Evaluation of the Interaction. In addition to the acceptance-related criteria, after the
interaction with the learning tool participants assessed it by means of semantic dif-
ferential – a method according to Osgood [31]. To derive the attitude towards the
technology participants assessed series of bipolar pairs of adjectives, defined by verbal
opposites (e.g., useful – useless) on a seven-steps scale. We examined whether there are
meaningful differences between the gender- and education-related groups.

Fig. 4. Main effect of the level of education on the acceptance criterium perceived ease of use
(PEoU; n = 35).
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The resulting means for males and females are depicted in Fig. 5. Overall, the
evaluations indicate a high attachment for learning with tangibles on multi-touch
tabletops, as the average values distinctly lie on the positive side of the scale. T-Tests,
which were run for examination of statistically relevant differences between men’s and
women’s opinions, revealed significant difference solely referring to perceptions of the
technology being exciting vs. boring [t(43) = 2.01, p < 0.05]. Thereby, male partici-
pants assessed the digital assistive technology as considerably more exciting than their
female counterparts.

In addition, assessments of interaction with the learning technology were examined
for both education groups: The opinions of bachelor’s vs. master’s program students
were compared and tested for differences. Statistical analysis revealed significant dif-
ferences between the groups in terms of the perceived (in-)effectivity [t(33) = −2.45,
p < 0.05] and enthusiasm vs. boredom [t(33) = −2.92, p < 0.01]. As can be seen from
Fig. 6, students in bachelor’s program reached basically lower means than students in
master’s program.

Fig. 5. Evaluations of the interaction with the learning assistant, considering gender groups
(statistically significant difference is circled red; n = 45). (Color figure online)
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3.3 Best Predictors for Acceptance

In the final step of the statistical analyses, we search for the best predicting variables for
acceptance and collaborative learning success when using the digital learning assistant.
For this purpose, stepwise multiple regression analyses were performed.

In our calculations, the acceptance criteria were added as dependent variables in the
analysis and the user factors, including psychological and performance aspects, as
independent variables. From the regression analyses resulted statistical models as
summarized in Table 1.

Fig. 6. Evaluations of the interaction with the learning assistant, considering different levels of
education (statistically significant differences are circled red; n = 35). (Color figure online)

Table 1. Statistical models resulting from multiple regression analyses for acceptance and
collaborative learning success when using assistive learning technology (N = 45; **p � .01,
**p � .05; VIF = variance inflation factor)

Acceptance
correlates

Predictors R2 ß t VIF ANOVA

Perceived learning
success

Motivation 30.2% .50 3.44** 1.1 F(2, 38) = 7.8,
p = .002Duration of

interaction
−.42 −2.89** 1.1

Perceived teamwork
success

Fun 49.5% .48 3.90** 1.05 F(2, 37) = 17.1,
p � .001Duration of

interaction
−.63 −5.14** 1.05

Intention to use Motivation 29.5% .37 2.56* 1.09 F(2, 38) = 7.5,
p = .002Achieved score .30 2.05* 1.09

Perceived ease of use Processing speed 11.2% .33 2.16* 1.0 F(1, 38) = 4.7,
p = .037
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Perceived Learning Success. From the upper part of Table 1 it is evident that the
prediction model for perceived learning success [F(2, 38) = 7.8, p = .002] entered two
out of nine possible predictors and accounted for over 30 percent of the variance. The
user factor motivation received the strongest weight in the model (b ¼ :50), followed
by the performance factors referring to the duration of interaction with the assistive
technology (b ¼ �:42). For this model, thus, motivation [t(36) = 3.44, p = 0.002] and
duration of interaction [t(36) = −2.89, p = 0.007] are the significant predictors for the
perceived learning success.

Perceived Teamwork Success. The regression model for perceived teamwork success
is statistically significant [F(2, 37) = 17.1, p� :001] and explains almost 50%
(R2= .495) of the variance. Among the predictors entered in the model, the duration of
interaction with the tool reaches the largest beta coefficient of �, making the strongest
unique contribution to explain the perceptions of teamwork success, which is followed
by the also strong contribution of fun (b ¼ :48).

Intention to Use. For the intention to use the examined assistive technology, again,
two variables were included into the regression model [F(2, 38) = 7.5, p = .002] which
accounted for almost 30% (R2= .295) of the variance. Motivation (b ¼ :37) and the
achieved score (b ¼ :30) reached the strongest contributions to explain the intended
use of tangibles on multi-touch tabletops in the future.

Perceived Ease of Use. Finally, for the perceived ease of use the regression model
contained only one out of nine possible predictors. The model reaches statistical sig-
nificance [F(1, 38) = 4.7, p = .037] and explains overall only 11.2% of the variance
(R2= .112). Processing speed was the only predictor (beta coefficient = .33;
t(37) = 2.16, p = .037) that was included into the model, making the unique contri-
bution to explain PEoU.

For all presented regression models, VIF values are all well below the value of 10
and the tolerance statistics lie all well above 0.2. These results allow to conclude that
there is no collinearity within the present data.

4 Discussion

In the presented study we experimentally examined how students manage to acquire
novel study matter (i.e., regular expressions), using a learning assisting technology in
the form of tangibles on multi-touch tabletop. The aim was to take a closer look at the
associations between factors brought by the potential users in dependence on their
perceptions of accepted and successful technology-enhanced collaboration for learning
purposes. In the discussion section, we firstly focus on the most relevant findings of our
study and bring them in the broader context of education. Secondly, we consider the
limitations of the study and discuss further research directions.

4.1 Acceptance of Assistive Technology in Collaborative Learning

Results presented in this study are insightful and indicate that the users’ psychological
and factors resulting from the interaction with the learning tool – we called these

Technology-Enhanced Learning: Correlates of Acceptance of Assistive Technology 435



performance factors – are significantly connected with the correlates of acceptance. The
moderate correlations show that especially fun and motivation play an important role
for an accepted use of the assisting technology. Moreover, better performance posi-
tively affects the user’s intention to use the technology, which is an acknowledged
criterium for acceptance and successful adoption in the future. Based on this knowl-
edge, assisting technologies that use serious games, which already have been repeat-
edly showed to be useful in different areas of application (for overview see e.g., [32,
33]), should be considered a meaningful learning support for learners and teachers, and
be increasingly integrated into educative settings.

The overall assessments after interaction with the learning assistant were (very)
positive, showing a high attachment for, and willingness to, use such a technology. The
opinions were quite consistent among the queried persons. However, the resulting
differences in the particular gender and education groups for enthusiasm/excitement
and boredom, on the one hand, and for (in-)effectivity of the technology, on the other
hand, suggest that one part of the potential users either not yet perceives the added
value of the assistive technology or represents potential user profiles among the
learners, who simply decline the use. This valuable result shows that there are clear
limits of this technology in education. This finding is additionally underpinned by the
negative correlations resulting between performance and perceptions of teamwork
success, which indicate that higher performance not necessarily leads to a perception of
teamwork success but rather suggests in that case that a well-performed task does not
necessarily require a collaboration.

Moreover, the performed regression analyses showed that the examined user factors
solely partly contribute to explanation of the variance of acceptance. From the psy-
chological user characteristics, especially motivation and fun to use the assistive
learning tool seem to play a relevant role for the long-term adoption of the technology
in education. Among the performance data, the duration of interaction turns out to be a
reliable indicator for perceptions of learning and teamwork success. The negative
orientation of the resulting beta coefficients suggests thereby that perceptions of success
are associated with a short duration of interaction. In other words: the shorter the
interaction time, the greater the perceived learning success. This outcome can be either
explained by the fact that the today’s students expect, or are used to, fast and efficient
technology solutions. On the other side, interpreting the outcomes some caution is
required, because the results can be artifact-related and only refer to the content
examined in the presented experiment.

Summarizing, the technology as described here is promising. Creating and ongoing
development of a well-functioning, accepted, and didactically meaningful learning
technology that serves learners as an assistant can lead to a significant change of
learning motivation and learning success also for the difficult subject matters, like these
required in the STEM study programs. This study demonstrates that students exhibit
positive mind-sets towards such a technology-enhanced learning and show overall
welcoming reactions in interacting with it. These are optimal conditions for long-term
adoption of such learning aids in education. Thus, even though the learning tool cannot
serve for all potential learners, for example these who are in wheelchair or are
somehow disabled in their movements, or those who simply do not want to work with
it, it represents an option for the clear majority, who is willing to be supported by this
technology in their learning process.
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4.2 Limitations and Future Research

Despite providing relevant insights, it is also important to note limitations of the study,
which should be addressed in future research.

The first limitation relates to necessary caution in the interpretation of the results.
The outcomes are based on an examination of a first prototype of the assistive learning
technology, which in many respects might not yet be mature, especially in the
didactical sense. Further research is needed in parallel with a further development of
the learning tool in order to validate the findings.

Another limitation refers to the methodological approach: One shortcoming is a
relatively small sample size and a not perfectly distributed proportions of bachelor and
master students in the educative groups. Strictly speaking, the number of persons
considered in the statistical analyses in this regard, reaches the threshold of possible
proportion of comparable group sizes. The unequal group sizes can increase the risk of
type II error. Thus, this issue should be better considered in future research.

Further, in the current study we examined the learning success for all participants
and did not include a control group nor consider other learning methods for comparison
of the effectivity. Next studies should conceive such competitive settings in order to
validate a didactically useful learning assistance.

Future research and the subsequent in-depth developmental activities of the
assistive technology should ensure that the present requirements of the potential users
are accordingly considered without compromising the didactically necessary principles.
This means a further integration of the stakeholders in the design and optimization
processes.

5 Conclusion

Assistive technology for learning affords a great potential for the learners of today.
Sophisticated learning assistants, which optimally convey contents for the learners
through various feedback modalities, and are didactically sound and well-elaborated,
can offer great advantages, especially for complex learning material that is difficult to
grasp.

The present study makes its contribution to the development of such cleverly
designed technology. Results evidence that individual characteristics considerably
influence the users’ perceptions of the learning tool and, therefore, affect the interac-
tion, perceived success and acceptance. In addition, this study provides insightful
information about the existing willingness to use assistive technology for learning
purposes.
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