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Preface

The International Conference of Innovative Technologies and Learning (ICITL), pro-
vides a platform for those who are working on educational technology to get together
and exchange experiences. Benefiting from a variety of emerging innovative tech-
nologies, the e-learning environment has become highly diversified in recent years.
Diversified innovative technologies have fueled the creation of advanced learning
environments by adopting appropriate pedagogies. Moreover, these technologies not
only facilitate learning but also actively help students reach maximized learning per-
formances. However, due to the rapid evolution of new technologies, how to make best
use of these technologies whilst still complying with effective pedagogies to create
adaptive or smart learning environments remains an area of interest. Therefore, this
conference series intends to provide a platform for those researchers in education,
computer science, and educational technology to share experiences of effectively
applying cutting-edge technologies to learning and to further spark brightening pro-
spects. It is hoped that the findings of each work presented at the conference will
enlighten relevant researchers or education practitioners to create more effective
learning environments. ICITL is always ready to share the proceedings with the public.

Due to the unfolding coronavirus (COVID-19) outbreak and travel restrictions, this
year’s conference (ICITL 2021) was held virtually and interactively. Therefore, all
accepted papers were presented in a fully virtual format, with each session held
interactively in a virtual meeting room. This year we received 110 submissions from
authors in 21 countries worldwide. After a rigorous double-blind review process, 59
papers were selected as full papers and two papers were selected as short papers,
yielding an acceptance rate of 55%. These contributions covered the latest findings in
the following areas: 1) Artificial Intelligence in Education; 2) Augmented, Virtual, and
Mixed Reality in Education; 3) Computational Thinking in Education; 4) Design
Frameworks and Models for Innovative Learning; 5) Education Practice Issues and
Trends; 6) Educational Gamification and Game-based Learning; 7) Innovative Tech-
nologies and Pedagogies Enhanced Learning; 8) Multimedia Technology Enhanced
Learning; 9) Online Course and Web-based Environments; and 10) Science, Tech-
nology, Engineering, Arts and Design, and Mathematics. Moreover, ICITL 2021 fea-
tures two keynote presentations by renowned experts and scholars: Lin Lin and
Matthieu J. Guitton. We are grateful for their insights on the topics of “Bridging
Human Intelligence and Artificial Intelligence for Education and Future Workforce”
and “Learning in a Post-COVID Era: The Challenges of Digital Inequalities”.

We would like to thank the Organizing Committee for their efforts and time spent to
ensure the success of the conference. We would also like to express our gratitude to the
Program Committee members for their timely and helpful reviews. Last but not least,
we would like to thank all the authors for their contribution in maintaining a



high-quality conference – we count on your continued support in playing a significant
role in the Innovative Technologies and Learning community in the future.

November 2021 Yueh-Min Huang
Joao Barroso

Frode Eika Sandnes
Chi‐Cheng Chang

Tânia Rocha
Chin-Feng Lai
Mu-Yen Chen
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Oral Practice Language Learning Companion
Implementation on Voice Assistant Platform

Hsiang-Jen Chung(B)

Graduate Institute of Network Learning Technology, National Central University,
Taoyuan, Taiwan

ryanchung@ncu.edu.tw

Abstract. Oral practice for language learning usually needs to find partners or
teachers to accompany, no matter how patient they are, it’s not easy to stay for a
long-time conversation practice. This study tries to implement an energetic oral
practice language learning companion on voice assistant platform, it can always
be with you to practice English conversation. It uses natural language processing
and voice recognition technology to tell if you are repeating the same sentence,
help students can practice conversation by themselves.

Keywords: Language learning · Learning companion · Virtual companion ·
Voice assistant · Artificial intelligence · Education technology

1 Introduction

1.1 Motivation

The best way to learn language is practicing with real people and makes you get into the
whole foreign environment. But sometimes we do not have chances or budgets to do so.
No matter gets a foreign friend or foreign place, it costs. So, if there comes a learning
companion can be with learner to practice English every day, let learner know if he is
doing right or not, that would be great helpful to every demand learner to practice by
himself.

1.2 Literature Review

Learning companion is a type of Intelligent Tutor System [1]. It can simulate the teaching
way like classmates, partners. It can help students to get more ideas, better than the
experience of studying alone. Using machine learning to build the learning companion,
there are still some details need to figure out [2]. When design the learning companion,
we should take these in mind: Cognitive, Motivation, Sociability, Attitudes and Ethics
[3].

Taking the voice assistant for education is just about the beginning stage. Students
can use it as Q&A station, timer…We also believe it is also good for special education,
because the feature of voice interface [4]. For knowledge query, mental support and
recreation, the voice assistant platform can play a good role for learning companion [5].

© Springer Nature Switzerland AG 2021
Y.-M. Huang et al. (Eds.): ICITL 2021, LNCS 13117, pp. 3–9, 2021.
https://doi.org/10.1007/978-3-030-91540-7_1
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2 Design & Implementation

2.1 Voice Assistant

The voice assistant has several features just match the human beings; the following Table
1 gives the comparison.

Table 1. Voice assistant vs. Human beings

Function Voice assistant Human beings

Talk Speaker Mouth

Listen Microphone Ears

See Camera (only specific types) Eyes

Show Monitor (only specific types) –

Since the voice assistant can listen and talk basically, we are trying to make it as the
conversation practice partner who never feels tired. At first, let us check how the voice
assistant works (Fig. 1).

Fig. 1. How the voice assistant works

When the user reaches to voice assistant, he can wake up the voice assistant device
with the invocation name like Alexa, OK Google, …. Then shoot the skill invocation
name to enter specific skill. After the device get what user says, interaction model will
recognize the sentence to matched intent, and get the keywords (also called slots or
entities). The application logic usually designed by developer, to determine what kind of
data to get and executes corresponding condition-based operation. After the operation,
sends back the data to interaction model to transfer to the suitable data format (voice,
text, image, video…) to user.
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Based on this infrastructure, the researcher wants to design an oral practice language
learning companion, when user needs to practice, he can wake up the machine and do
the conversation practice, it never tired. The system design diagram below (Fig. 2).

Fig. 2. How the oral practice language learning companion works

Let us go to the details for the interaction model and application logic. About the
interaction model, we need to clarify what user says, and match to the right intent to get
the next step. In this skill, we design 5 custom intents in the interaction model (Table 2).

Table 2. Intents in the read after Jessica

Intent name Trigger Purpose

HelloWorldIntent When user says something like hi, hello,… Launch the practice

RepeatIntent When user request to say it again Repeat the sentence

AnswerIntent When user says “Jessica, xxxxx” Check user’s answer

AMAZON.YESIntent When user gives positive response Go to next sentence

AMAZON.NextIntent When user ask for next question Go to next sentence
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The core operation logic is in the handler for AnswerIntent, we will talk about it
later. Let us review the user – voice assistant interaction flow first (Fig. 3).

Fig. 3. The interaction flow between user & voice assistant
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In our design, the user needs to repeat exactly what the voice assistant says. So, it
makes user to say the sentence very carefully. But sometimes the problemmay incur from
the voice recognition system or the microphone hardware. There are still lot of spaces
to improve in this design scheme. Now let us go to see the details in the AnswerIntent
(Fig. 4).

Fig. 4. The logic operation in AnswerIntent

When the voice assistant gets the practice sentence from user, the voice recognition
system transfers it to text. Then the system determines which intent it belongs to. When
it goes to AnswerIntent, it will firstly remove all symbols and change it all to lower
case. The purpose for this step is for comparison later. Then the system will compare the
sentence user spoken and the sentence in database, to see if it is the same or different.
When it is the same, user will get the positive response, to know he is speaking right
completely. Or user will get negative response, in those devices which have monitor, we
also show what the system got from user, let user sees how far it is between with the
right answer. This adding visual feature part is useful for language learner.

3 Results and Discussion

In this very early version of “Read after Jessica”, the researchermade it public toAmazon
Alexa skill store.

Here is the result for the first month (Table 3):
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Table 3. Users testing result

Test number Test record (5 times/unit) Correct rate

1 XXXXX 0%

2 XOOOO 35%

3 XXOXX 20%

4 XXOXX 20%

5 OXXXO 40%

6 XXOOO 60%

7 XXOXO 40%

8 XXXXX 0%

9 XXXXX 0%

10 XXXXO 20%

11 XOOOO 80%

12 XXOXX 20%

13 XXOXX 20%

14 XXXXX 0%

Average correct rate 28.6%

We let them to interact with the voice assistant, and take 5 sentences as unit, nomatter
what the English level of user, for 5 sentences, user get the exactly right sentence are
only around 1 ~ 3. According to the user response shows in the monitor, The common
difference factors we list below (Table 4):

Table 4. The common difference from users

Factors System

Spell error Can vs. can’t, mine vs. mind…

System error Amazon will transfer one to 1 from user

Recognition error Due to the volume or the quality of microphone

Speak too slow The system will stop listening to your input

4 Conclusion

It is the very beginning version of “Read after Jessica”, but we found the voice platform
is a good way to simulate the oral practice learning companion. You can use it in any
time you want, to get practice by your own. Although it just like a very strict teacher,



Oral Practice Language Learning Companion Implementation 9

you can only get encourage when you get 100% right. But it can show you what you
just said on the screen to check and do the oral practice repeatedly and continuously.

There are still some types of errors are nothing to do with users, so we can still
improve the voice assistant platform, and add guidance to users who almost speak the
same sentence.
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Abstract. Due to digitalization and disruptive technologies, the business land-
scape has changed. The change will influence the nature of work across all indus-
tries. The SouthAfricanmining sector is going through amodernization process to
stay relevant. The paper explores Dynamic Capability Theory (DCT) as a suitable
theory for the reskilling of coalminers. The paperwill define the theory and related
concepts to get a better understanding and explore the link with information sys-
tems. It amends existing dynamic capability frameworks and proposes a modified
model that can be used to guide the reskilling of mineworkers for the new era. The
amended framework can be used to mitigate the foreseen consequences of the use
of robotics and automation in the mining industry in South Africa. The inclusion
of human aspects in DCT is especially important to facilitate the Africanization
of information systems within the mining sector on the continent. As a result,
this will increase the understanding and learning of transitioning skills within the
context of using a variety of emerging innovative technologies fueled by the new
era.

Keywords: Dynamic capability · Dynamic Capability Theory (DCT) ·
Digitalization · Human resource development (HRD) · Coal mining ·
Information Systems (IS) · Information technology (IT)

1 Introduction

Disruptive technologies and digitalization are driving change and innovation in the busi-
ness landscape [1, 2]. Digitalization is changing the nature of work, the skills needed
and the way the work is done [3]. A major impact of this change is a reduction in the
workforces of companies due to robotics, automation, artificial intelligence (AI) and
autonomous vehicles which have replaced numerous manual jobs such as mine work-
ers’, truck drivers’ and receptionists’ jobs. The most affected industries will be those
with routine and repetitive jobs [4]. To address this problem, Stubbings andWilliams [1]
suggest taking deliberate action in driving technological development whilst exploring
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innovative solutions to unemployment. According to Valsamis et al. [5], the net impact
of the changes on the nature of work is still unknown andmore studies need to be done to
determine it. As much as technology threatens the current workforce, it has also created
new jobs that require the adaptation of manual skills into new digital skills. This means
that the reduction in the workforce is not as drastic as might have been expected, because
technological advancement has proven to be viable due to job relocation [5]. This creates
a fertile learning environment for identifying new skills and reskilling opportunities.

To determine the impact of digitalization, the paper focuses on coal miners in South
Africa. This is largely because the South African mining sector is a key contributor to
the South African economy and it is also responsible for the employment of many low-
skilledSouthAfricanworkers [6].Hence, the impact of digitalization in this sectorwill be
massive for the South African labor market. Manual laborers, including mineworkers,
should be taught new skills that are directly or indirectly related to the digital work
environment, e.g., how to operate or program mining robots. The use of Africanized
information systems, that are intuitive to use in local environments, could facilitate and
ease such a reskilling process. Such a deserving endeavor should be founded on a suitable
and rigorous Information Systems (IS) theory. Vartiainen and Hansen [7] point out that
most change drivers today are IS-enabled. Therefore, the research question of this paper
is:What is a suitable theory to guide the reskilling of coal miners in the digital era?

The authors explore Dynamic Capability Theory (DCT) as a foundation for research
on how to keep coal mines competitive in the ever-changing mining business. DCT
has been gaining popularity over the years across multiple disciplines, including the
information systems and information technology space [8]. DCT was initially published
by Teece, Pisano and Shuen [9] in the strategic management space where it was built
to enhance the Resource-based View theory (RBV). Unlike its predecessor, DCT takes
into consideration market dynamics, such as technology developments, changes in laws,
innovation, and so on.

To begin with, the paper discusses the background of DCT, with specific reference
to its origins and its relation to information systems, followed by the definition of the
different concepts related to dynamic capabilities. The paper then explores the drivers of
dynamic capabilities as well as the key constructs of dynamic capabilities and how they
relate to human resource development (HRD). Finally, an amended dynamic capability
model is proposed to be used to guide the reskilling of coal miners for the new digital
era.

2 Background

According to Gumede [10], there is a need for basic mechanization or modernization
geared towards the mining process to leverage it through digitalization in South Africa.
Mechanization refers to the process of replacing physical tasks done by people or ani-
mals with machinery [10]. “Automation is the next phase of mechanisation, where the
interaction between humans and tasks are further reduced through modern information
and control systems” [10]. With this as a backdrop, the firm has two main groups of
business capabilities. Firstly, operational capabilities address the day-to-day running of
the business; secondly, dynamic capabilities drives the development of new operational
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capabilities and thereby effectively change theway the business functions [11]. However,
the classification differs from one firm to another, depending on the firm’s strategic out-
look and the use of the capability or capabilities concerned. If the capability is strategic,
it is classified as a dynamic capability, and if it has an operational nature, it is identified
as an operational capability [11, 12]. Dynamic capabilities are made up of the following:
dynamic managerial capabilities, dynamic integration, dynamic organization capabili-
ties, dynamic reconfiguration, and dynamic learning. It’s important for these dynamic
capabilities to be cognizant of the information system landscape. IS capabilities are the
abilities to acquire, deploy and leverage information system or information technol-
ogy resources to strengthen business strategy and they form part of other capabilities
(operational or dynamic) depending on usage [7].

Teece, Pisano and Shuen [9] introduced the DCT in their seminal 1997 paper which
defined dynamic capabilities as “the firm’s ability to integrate, build, and reconfigure
internal and external competences to address rapidly changing environments” [9]. Since
then, the theory has evolved and gained popularity [13, 14],with some authors dismissing
it as “fuzzy” and “tautological” and others recommending it as a good base [15]. DCT
expands on the resource-based view of the firm which states that the firm’s ability to be
competitive depends on the bundling of resources and capabilities that it has [8]. The
resources of the firm are typically tangible or intangible assets that are used to develop
or control input to the production of value in a specific market [16]. The challenge with
RBV is that it is static and ignores the influence of the market dynamism. Besides, it
fails to explain how resources are converted to be competitive instruments [11, 16].

Furthermore, DCT provides an ideal lens for studying how a firm can adjust its
resource-base to take advantage of opportunities in the long-term [17]. Dynamic capa-
bilities facilitate valuable, rare, inimitable and non-substitutable (VRIN) resources to
ensure competitiveness and performance [11].

Since the introduction of dynamic capabilities in 1997, literature has shown a con-
tinuous increase in usage of this theory [11, 15]. This has been particularly evident in
the information systems and information technology space due to the increased impact
of digitalization and the fourth industrial revolution in the business landscape. The main
influence of dynamic capabilities is on the resource-base, and generally resources are
viewed from a technical aspect and overlook human resource (HR) as one of the critical
resources in an organization. Information systems is defined as the use of informa-
tion technologies by humans in conducting the affairs of the organization [18]. Human
resources are a key component of this definition and it has a direct positive impact on
the performance of the firm [19, 20]. A correlation exists between firm performance and
human resources [12, 19], as confirmed by Breznik [13] who insists that the deploy-
ment of human resources as a dynamic capability will result in sustained competitive-
ness. Thus, organizational performance can be achieved by setting up human resource
development (HRD) practices that enable HR as a dynamic capability. The relationship
between human-resource development practice and dynamic capabilities is, however, not
discussed sufficiently in existing literature [7, 21]. Neither does it break down the con-
cept of the resource base into lower levels or show the multi-level construct nature of DC
on job responsibilities as highlighted by Vartiainen and Hansen [22]. These knowledge
gaps are addressed in the paper (see Sects. 5 and 6 below).
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3 Definition of Dynamic Capabilities

There are several definitions of dynamic capabilities. These definitions have evolved,
but the essence remains. The original definition provided by Teece, Pisano and Shuen
[9] refers to “the firm’s ability to integrate, build, and reconfigure internal and external
competences to address rapidly changing environments” [9]. Eisenhardt and Martin
[23] further expand this definition as follows: “The firm’s processes that use resources
— specifically the processes to integrate, reconfigure, gain and release resources — to
match, and even create market change. Dynamic capabilities thus are the organizational
and strategic routines by which firms achieve new resource configurations as markets
emerge, collide, split, evolve, and die.” Therefore, the key highlight of this definition is
that dynamic capabilities influence a firm’s strategic routines and processes.

Similarly, in an attempt to simplify dynamic capability definitions, Helfat et al. [15]
redefined dynamic capabilities as follows: “A dynamic capability is the capacity of an
organization to purposefully create, extend, or modify its resource base”. Furthermore,
recent papers have simplified the definition of dynamic capabilities to three main con-
structs: sense; seize (orchestrate the design of the business); and transform (implement
a business model) [16, 24–26].

Additionally, DCT states that capabilities represent resources within the organiza-
tion. To this end, the dynamic capability conceptualization of company resources and the
evolving business environment is generative for grasping how resources are utilised to
remain competitive. As a result, this supports the reason why any company adopts infor-
mation systems, which is the use of information technology, people and organizational
processes to be competitive.

According to Teece [25], dynamic capabilities are divided into ‘microfoundation’
and ‘macro-level capabilities’. The former deals with new product development, expan-
sion into new regions, and obtaining new resources through acquisitions and alliances
[27]. Microfoundation refers to the analysis of dynamic capabilities in its lowest form.
Carnahan et al. [28] provide a more comprehensive definition of the microfoundation
as follows: “The microfoundations of dynamic capabilities — distinct skills, processes,
procedures, organizational structures, decision rules, and disciplines—which undergird
enterprise-level sensing, seizing, and reconfiguring capacities are difficult to develop and
deploy” [28]. Contrary to this, the macro-level capabilities are higher-level processes
that help the organization achieve its daily operational abilities to attain its goals [15,
21, 28]. These higher-order capabilities deal with changing and rebuilding the ordinary
capabilities of the organization.

Fallon-Byrne and Harney [21] oppose the popular view by highlighting the need to
further expand on the concept of microfoundation of dynamic capabilities at a lower
level. They believe that sensing, seizing and reconfiguration are at a macro level and not
a micro level, as demonstrated in their model [25, p. 26]. This is in direct contradiction
with Teece’s [28] perspectivewhich is based on the dynamic capability frameworkwhich
will be discussed later on. Fallon-Byrne and Harney’s [21] model uses an innovation
perspective and it argues that an innovation strategy represents human resources [21].
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There are four main themes within the dynamic capabilities for innovation model
as discussed by Fallon-Byrne and Harney [21]: organizational innovation strategies,
climate (i.e., innovation and affective behaviors), dynamic capabilities and outcomes.
The first two themes represent microfoundations of the organization while the last two
themes are represented by dynamic capabilities and innovation outcomes respectively,
and it can be deduced that they are macrofoundations. The bottom part of the dynamic
capabilities for innovation model [25, p. 26] illustrates the link between the following
human resource views: intended managerial strategy, employee perspective, employee
behavior, dynamic capability, and organizational outcomes. This view is instrumental
in the contextualization of the relationships between macro and micro-processes. This
demonstrates that microfoundations are multi-layered [21] and Teece [25] supports this
argument. According to Teece [25], sensing, seizing and transforming can be seen as
the top layer of the microfoundation.

3.1 Definition of Capability

Capability is defined as the ability to perform a particular task or activity [15]. Firms use
capabilities to achieve their goals, as highlighted by Helfat et al. [15] and Teece [28].
Also, there are different types of capabilities as listed below:

Substantive capabilities [8] are the abilities to solve business problems.
Higher-order capabilities [25, 26] are “the abilities to change the way the firm solves

its problems” [29].
Innovative capability is “the ability to develop new products or markets” [30]. In

the context of this paper, this refers to using new technologies to create new products,
processes and markets.

Absorptive capabilities refer to “the ability of a firm to recognize the value of new,
external information, assimilate it, and apply it to commercial ends” [11]. In the context
of this paper, this means the ability to identify emerging disruptive technologies and how
they will affect the business landscape.

Adaptive capability [11, 30] is the firm’s ability to identify and take advantage of
emerging market opportunities such as technology.

Dynamic managerial capabilities are the abilities of the firm’s management to
motivate their skills and experience for the management of a changing landscape.

Dynamic organizational capabilities [8, 25, 31] refer to the ability of the organization
to deal with changing business landscapes.

It is, therefore, apparent that the above-mentioned capabilities are especially rele-
vant in this digital age as they can be categorized into one of either operational type
of capabilities or dynamic type of capabilities (see Table 1). The former enables the
organization to earn a living by running the day-to-day routines. In contrast, the latter
is concerned with the future adaptability of the organization [15]. Therefore, it supports
the original argument by Teece, Pisano and Shuen (1997) that operational capabilities
ensure that the company delivers on its value proposition on a daily basis.
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Table 1. Operational vs. dynamic capabilities.

Operational capabilities Dynamic capabilities

Substantive capabilities Innovative capability

Higher-order capabilities Absorptive capability

Human resource capabilities Adaptive capability

First-order capabilities Dynamic managerial capabilities

Human resource development (HRD) Dynamic organizational capabilities

IS capabilities IS capabilities

Strategic human resource development (SHRD)

4 Constructs of Dynamic Capabilities

The key constructs and elements of dynamic capabilities shown in Teece’s [21] dynamic
capability framework illustrate the ability to sense changes in the business environment
and to seize the change advantageously by designing a refined business model and
committing the necessary resources to finally transform the organization by realigning
and influencing its culture. These abilities are crucial, particularly in the digital era where
information technologies are affecting the business model. Taking into consideration the
current strategy of the Minerals Council South Africa to modernize mining operations
[10], mines’ management needs to go through a process of sensing new technologies
relevant for themining industry, such as robotics, artificial intelligence (AI), autonomous
driving and the like [32]. They should then seize any opportunities for modifying their
business models to ensure adoption of the digital technologies. Once that is done, they
need to realign the mining culture with the new technologies.

According to DCT, the three main processes for dynamic capabilities are:
Sense,which is defined as the continuous scanning of the environment internally and

externally for opportunities brought by market dynamism [13, 15, 24].
Seize, which refers to the firm’s ability to take advantage of the opportunities by

designing and refining the business model and ensuring that resources are committed to
take advantage. (Breznik [13] highlights that seizing is about making a good decision in
uncertain times.)

Transform, which refers to the firm’s ability to realign and re-configure its routines,
processes, structures and culture [13, 15, 24].

According to Teece’s [21] framework, the above three processes are also referred
to as “microfoundations” as they enable internal knowledge and skills development to
gain a competitive advantage. Furthermore, it has become apparent that the success of
dynamic capabilities is dependent on the role, skills and competences of the manager
[13, 25]. Management has developed into a sub-field of dynamic managerial capabilities
[25] which, in turn, has led to the dynamic managerial capabilities (DMC). DMC refers
to senior management’s abilities to effectively alter company routines, processes and
resources configuration [29]. Therefore, a manager’s perspective concerning dynamic
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capabilities is crucial for orchestrating and enabling change to take advantage of oppor-
tunities [29]. To be effective in the transformation journey, the manager needs to be
adaptive, absorptive and to possess innovative capabilities [11].

A firm-specific process, such as integration, reconfiguration, renewal and recreation,
togetherwith the above capabilities,will regulate the firmness of the dynamic capabilities
within the firm. It can therefore be concluded that higher performance and appropriate
change in the organization is reliant on the viability of the dynamic capabilities.

Wang and Ahmed’s [13, p. 39] research model of dynamic capabilities shows that
market dynamism triggers dynamic capabilities. Dynamic capabilities are made up of
two main parts: the common features depicting component factors, and firm-specific
processes depicting underlying processes. The higher the dynamic capabilities the firm
shows, the more likely it will be to build new capabilities over time. As a result, the
development of these new capabilities will be directed by the firms. It is also important to
note that capability development differs from business to business as it is simultaneously
directed by the strategy and the dynamic capabilities of the firm concerned.

Capability development has a direct influence on the performance of the firm, as per
the research model [13, p. 39].

Notably, the influence of dynamic capabilities on performance generally takes place
over the long-term rather than the short-term [11].

As a result, capability development deals with the development of strategic
dynamic capabilities – such as strategic human resource development (SHRD), dynamic
management, dynamic learning and others – that will move the firm into the future.

5 Discussion

It is therefore apparent that similarities exist between Teece’s [25] dynamic capabili-
ties framework and Wang and Ahmed’s [11] research model of dynamic capabilities.
Wang and Ahmed’s [11] model takes a wider view on their modelling to include market
dynamism and capability development. In contrast, Teece’s [25] model focuses on the
dynamic capabilities, business model and strategy. It can also be seen that the firm-
specific process that forms part of Wang and Ahmed’s research model reflects the
dynamic capability process, which itself resembles Teece’s dynamic capability frame-
work. Both models show the influence of strategy on the dynamic capabilities, but
Teece [25] expands on the strategy discussion by explaining the relationship between
the strategy and the business model.

Teece [25] and Wang and Ahmed [11] discuss the importance of human resource
development and dynamic managerial capabilities, however, their models do not reflect
this. Consequently, this creates a misconception of human resources and dynamic man-
agerial capabilities as equivalent to other dynamic capabilities. Furthermore, as men-
tioned earlier, the manager’s perspective is crucial, and it needs to be technology con-
scious. Hence, Wang and Ahmed’s [11] model discusses common features which are
constituent factors for management, adaptive capability, absorptive capability and inno-
vative capability. These constituent factors are therefore crucial in establishing SHRD
practice which will develop the human resources in the firm or establish if additional
ones are needed. Thismeans that features common to both can be expanded to effectively
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reflect the dynamic managerial capabilities and SHRD. Therefore, this paper expands
the dynamic capability framework to incorporate the proposed additions, as indicated in
the proposed model in Fig. 1. Also, the literature review exposes a gap between the rela-
tionship of human resource development practice and dynamic capability [19, 33]. This
indicates a need for further studies to be conducted in this area. Furthermore, dynamic
capability literature describes the resource base as a significant element of DCT, but it
does not break down the concept of the resource base into lower levels [15]. It does,
however, describe resource-base elements, such as assets, equipment, relationships and
human resources.

This paper aims to break down the aspect of the resource base and focuses, in
particular, on the human-resource aspect. According to the findings of Kareem and
Mijbas [33], the relationship between HRD and organizational effectiveness is not direct
in changing the business environment but indirect through the facilitation of dynamic
capabilities.

HRD has been defined as “a process of developing and unleashing expertise to
improve individual and teamwork processes, and organizational systems” [12]. Kareem
and Mijbas [33] expand on the definition to includ deliberate plan for developing an
employee’s knowledge, skills and abilities to increase organizational effectiveness con-
cerning the adoption of information systems. This is, however, rejected by Garavan
and Carbery [12] who distinguish between HRD and SHRD. Garavan and Carbery [12]
insist that the former looks at HRD from an operational perspective while the latter has
a strategic perspective of the HRD.

6 Proposed Model

Figure 1 proposes a model that takes into account dynamic management capabilities
and strategic human resource development. The proposed model shows dynamic man-
agement capabilities as an extension of dynamic capabilities because the manager’s
perspective is essential for sensing changes and for developing relevant SHRD. This is
important so as to ensure that managers can recognize emerging technologies and react
appropriately to empower employees with the right knowledge and skills through the
SHRD. The relationship between dynamic management capabilities and SHRD prac-
tice is a continuous loop to influence human resource development. Senior management
must understand the components of information systems and their impact on the business.
SHRD will influence seizing and transformation to ensure competitiveness.

The output of the transformation process is the alignment of existing processes
and/or investment in additional capabilities. The arrows in the model show the flow of
information and influence exercised by the items described in the various boxes.
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Fig. 1. Proposed dynamic capability model.

7 Conclusion

The paper developed the proposed framework that can be used to help reskill coal
miners for the digital era tomitigate the societal impact of emergingmining technologies.
Applying the proposed dynamic capability model (see Fig. 1) to the coal mining industry
could lead to a position that enables the leadership of a mine to develop high strength
dynamic capabilities to ensure that the reskilling of the coal miners will take place.

The assumption is that mining companies will adopt disruptive technologies as part
of themechanization ofmines. TheMinerals Council SouthAfrica is promoting themod-
ernization strategy of the mines by embracing automated and autonomous technologies
among others, which will have a huge impact on skills and labor markets [34].

In line with the literature, coal mines need to develop dynamic capabilities within the
firm to sense market changes and thereby see opportunities and threats. For example, the
mechanization of the mining industry and the resulting decrease in profit margins make
it difficult for businesses to realize value [34]. Coal mines will, therefore, need to seize
the opportunity to mechanize their business to stay relevant and profitable. This will
require dynamic managerial capability from the mines’ management teams. Lastly, the
mines will need to transform or reconfigure some of their capabilities and develop new
capabilities. Thiswill be done through reconfiguring human resources.One of the biggest
resources in a coal mine is the human resource – the miners who go through the process
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of extracting coal from the ground. In future, miners will be expected to use new digital
technologies to perform their duties. This paper has attempted to highlight the need for
a transformation process and to develop a conceptual framework that could guide the
reconfiguration of coal miners for the future. “Substantial changes to the organizational
structures and business processes will work in concert with technology improvements
to enable a substantial shift in the way mining enterprises work” [35]. The organization
and its people need to work together to identify changes that digitalization (prompted
by the fourth industrial revolution) is bringing to the company.

A limitation of this paper is that no empirical evidence yet exists to support the design
of the proposed conceptual framework. In future work, qualitative research should be
conducted to provide this evidence and to refine the framework even further, based on
the results of such empirical work. The specific needs of the African continent and its
divergent cultures should be taken into consideration when the proposed framework is
refined and implemented. It is anticipated that this paper will spark interest in learning
about the impact of innovative technologies on current skills sets in the coal mining
sector, and the adjustment thereof by using e-learning technologies.
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Abstract. Artificial Intelligence (AI) learning technologies and research in deep
learning are rapidly expanding, and there is a lack of AI learning platforms to
support students in related courses. At present, an understanding of the impact
of learning on AI learning platforms on student interest in and attitudes towards
learning is still unclear. This has thus become an important research topic in the
field of AI. This study implemented an AI learning platform (Ladder) to deliver
AI courses to students using two questionnaires (interest in learning and attitude
towards learning). The study was implemented to survey 65 university students
(males = 55, females = 10) at a national university in southern Taiwan, where
65 students were surveyed to obtain their opinions on their interest in learning
and attitudes towards learning after learning on the AI learning platform. The
results of the survey showed that about 40% of the students were interested in
learning and had a positive attitude towards the AI learning platform. In addition,
undergraduate university students may not always attach importance to AI. The
findings of this study provide researchers and teachers with a better understanding
of students’ perceptions of their interest learning and attitudes toward learning.

Keywords: Artificial intelligence ·Machine learning · Learning interest ·
Attitude toward attitude · Learning platform

1 Introduction

As one of the most successful machine learning methods in supervised learning, neural
networks (NNs) have changedmodern everyday life radically and have had a huge impact
on even the most basic of our actions [1]. Because of its relative opaqueness, a neural
network is known as a ‘black box,’ which makes it impossible to know the entire mode
of operation, which has been the focus of discussion in recent years [2, 3]. An artificial
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intelligence learning tool based on deep learning and a plat-form that enables developers
and learners to quickly reuse resources are the trends of the future [4]. If the students
combine their learning with practical application exercises, they can enhance their basic
knowledge of deep learning techniques, and their level of enthusiasm in this field will
increase.

Deep learning has aminimum learning threshold related to basic programming skills,
and students also encounter programming problems and challenges during the learning
process. The process of learning a program can cause a variety of learning issues related
to a lack of programming experience or a misunderstanding of the pro-gram, which can
lead to negative attitudes toward learning [5]. The relevant literature on programming
indicates that different teaching methods [6, 7] and teaching tools [8, 9] can be used
to influence students’ attitudes towards learning. Students interested in the process of
learning a program are encouraged to have a positive learning attitude and to participate
in the course [10] because attitude toward learning is one of the important factors that
affects learning outcomes [7]. Furthermore, if new pro-gramming concepts attract the
interest of students, they will learn them with a positive attitude [5]. However, the cur-
rent understanding of students’ interest in learning and their attitudes towards artificial
intelligence is still unclear.

Therefore, in the current study, anAI learning platform (Ladder) was implemented to
provide students with AI courses intended to enhance students’ interest in learning and
improve their attitude toward learning. According to this research purpose, we attempted
to answer the following research question: After learning on an AI learning platform,
what are university students’ perceptions of their interest in and attitudes toward learning?

2 Literature Review

2.1 Artificial Intelligence (AI)

Traditional machine learning techniques are limited to processing data in its raw form. In
contrast, deep learning allows models consisting of multiple processing layers to learn
the features of data. This method has improved the state of speech recognition, graphic
recognition, object detection, and many other such techniques [11]. A broad deep neural
network-work (DNN) architecture consists of an input layer, sever-al hidden layers,
and an output layer. In each layer, there are several units called neurons, which receive
multiple inputs, weight their inputs, and generate output values bymeans of an activation
function. Each neuron has a vector of weights associated with its input size and a bias
optimized during training [12, 13].

2.2 AI Learning Platforms

Relevant AI learning platforms and research on this topic are rapidly developing. One
such effort is a systematic review of studies by [14] that analyzed the last seven years
(from 2014 to 2020) of AI adaptive learning systems, and identified key topics in the
visualization of AI research objectives, AI learning interventions, and AI learning anal-
yses. The fundamentals of deep learning techniques are important to college students in
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related professions. Students need to acquire not only basic deep learning knowledge,
but also must experience practical application of the acquired knowledge to complete
learning tasks and develop a complete concept of deep learning.

Artificial intelligence learning systems provide different functions to help students
learn and solve problems [14]. For example: [15] proposed the DL-OIET system to pro-
vide students with personalized learning and used neural networks to plan learning for
students in order to enhance their English learning outcomes. [16] Used a deep neural
network to propose an assessment of an e-learning platform and examined students’ flow
experience in order to facilitate personalized learning. [17] Investigated the implemen-
tation of a virtual learning environment and proposed an artificial neural network model
intended to improve examination pass rates.

3 Research Method

3.1 Sample

In this study, an AI learning platform was implemented in a top national university in
southern Taiwan for 65 students (male= 55, female= 10)with consent from all students.
The students all had programming experience but no relevant AI experience.

3.2 Research Platform

Description of the Functions of the Artificial Intelligence Learning Platform (Lad-
der). In this study, an artificial intelligence curriculum was implemented for university
students on an artificial intelligence learning platform (Ladder). This learning plat-form
(Ladder) is a model-building platform using graphical machine learning structures with
the following functions:

Layer Operations. The convolution layer is mainly composed of many different kernels
that perform the convolutional operations on the input image, as shown in part (a) of
Fig. 1. In this section, the user can adjust the number of neurons (Hidden Size) in the
convolutional layer.

A convolutional layer is a set of parallel feature maps, which are formed by sliding
different kernel sizes over the input image and performing certain operations. Thus,
the user can adjust the number of neurons (Hidden Size), the Filter Width (also called
the kernel size), stride, the Keep dimension (the same as padding), and other values to
determine the output of the layer.

Learning Parameters. As shown in part (b) of Fig. 1, the neuron takes multiple inputs
and adds them together by weighting each input, and optimizing the bias values during
the training process. Then, the resulting values are passed through an activation function
to pro-duce the output values. Therefore, the user can choose between theweight and bias
modes, and the two learning parameters can be fine-tuned with more detailed variable
settings.
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Layer Proceedings. As shown in part (c) of Fig. 1, batch normalization can be standard-
ized for each batch of data, and Dropout mode can be entered to randomly turn off some
neurons to significantly reduce overfitting. Users can also choose a preferred activation
function to non-linearly transform the neuron output values, which can all be used to
mitigate the gradient disappearance problem in the depth model.

Output Manipulations. As shown in part (d) of Fig. 1, the user can select whether to
flatten the output matrix or to output it in a specified shape to ensure that the next layer
receives the out-put matrix shape.

Use of the Artificial Intelligence Learning Platform (Ladder). The actual operation
process of this platform (Ladder) is shown in Fig. 1: (1) Step 1: The user enters the local
data source. (2) Step 2: When the user adds a layer, a dialog box with default values
will pop up, and the user can decide whether to adjust the values related to the layer
operations related. (3) Step 3: The user can click on the new layer to display the attributes
(a ~ d) on the right side and make changes. (4) Step 4: The user selects the type of task
to be performed, e.g., indicates the number of categories if it is a category task. (5) Step
5: After editing the model, the user can download the model code and run the file locally
for training.

Fig. 1. Artificial intelligence learning platform (Ladder) functional interface and operation
process.
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The user can upload the training results to the platform and directly see if the loss
function has been successfully converged and if the accuracy of the results has been
stabilized in the visualization of the model training curve and in the presentation of
the actual test results. The learning platform helps users build their models and pro-
duce a clear picture of the results for observation and analysis, further enhancing their
impression of the effectiveness of deep learning.

3.3 Research Instrument

The instrument was modified from a study by [18], which had two variables including
seven questionnaire items on learning attitudes and six questionnaire items on learning
interests (Table 1).

Table 1. Descriptive statistics for learning interest, and learning attitude.

Dimension (N = 65) Items Percentages (%) Mean S.D.

1 2 3 4 5

Learning interest Lint 1 AI courses are
interesting to learn

0.0 3.1 33.8 44.6 18.5 3.78 0.78

Lint 2 Learning about
relevant AI knowledge
is interesting

0.0 1.5 26.2 47.7 24.6 3.95 0.759

Lint 3 Learning about
AI-related concepts
and knowledge is
interesting

0.0 0.0 23.1 53.8 23.1 4 0.685

Lint 4 It is interesting
to practice the practical
AI tasks in the AI
course

0.0 0.0 40.0 41.5 18.5 3.78 0.739

Lint 5 The teacher’s
guidance and teaching
instructions attracted
my attention in the AI
course

0.0 1.5 40.0 41.5 16.9 3.74 0.756

Lint 6 For me, AI
courses are more
interesting than other
programming courses

3.1 0.0 46.2 33.8 16.9 3.62 0.878

Learning attitude Latt 1 AI courses are
valuable and worth
taking

0.0 0.0 20.0 43.1 36.9 4.17 .741

(continued)
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Table 1. (continued)

Dimension (N = 65) Items Percentages (%) Mean S.D.

1 2 3 4 5

Latt 2 It is worth
learning about AI

0.0 0.0 15.4 38.5 46.2 4.31 .727

Latt 3 It is worth taking
this AI course

0.0 0.0 21.5 43.1 35.4 4.14 .747

Latt 4 It is important to
understand the relevant
AI information,
including modelling,
design models, and AI
concepts

0.0 0.0 15.4 46.2 38.5 4.23 .702

Latt 5 It is important to
understand the
concepts and
applications of AI

0.0 1.5 16.9 41.5 40.0 4.20 .775

Latt 6 I would actively
seek out more relevant
AI concepts and
applications

0.0 0.0 36.9 43.1 20.0 3.83 .741

Latt 7 It is important
for everyone to take an
AI course

4.6 15.4 29.2 29.2 21.5 3.48 1.13

4 Results

The findings of this study show that the students’ learning interest in the AI course was
positive. Almost 40% of students chose option 4, and others chose options 3 and 5. Only
a few students chose options 1 and 2. The mean value of the questionnaire items ranged
from 3.74 to 4, indicating a positive evaluation of students’ interest in the AI learning
platform. The results of the study showed that the AI learning plat-form can engage
students’ interest in AI.

In addition, the results show that students’ learning of the AI course aroused positive
learning attitudes among students. About 40% of the students chose option 4, and the
other students chose option 3 and option 5. The mean value of the questionnaire item
ranged from 3.48 to 4.31, which indicates that the students had a positive attitude towards
learning when using the AI platform. In particular, for the Latt 7 item, the results showed
that the percentage of students choosing the option varied across students. This means
that undergraduates may not always value AI as a career path, depending on their own
personal interests and career goals.
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5 Conclusions

The purpose of this study was to implement an artificial intelligence learning platform
(Ladder) and to identify students’ perceptions of their learning interests and attitudes.
The artificial intelligence learning platform provided students with systematic learning
about AI and helped them to understand the concept of AI. The results showed that
about 40% of the students positively evaluated their learning interest and learning atti-
tude. They also showed an interest in and a positive attitude towards learning on the AI
learning platform. In addition, the results indicated that undergraduate university stu-
dents may not always value andmove towards artificial intelligence as a career path. This
study provides researchers and teachers with an AI learning platform for students and
a better understanding of students’ perceptions of their learning interests and attitudes.
There are, however, some limitations to this study. The students were recruited from
top national universities in the Department of Computer Science and Information Engi-
neering, and some of the students may thus have already had positive learning interests
and attitudes towards AI. This might have biased the results of the study. More impor-
tantly, future research could consider the implementation of AI learning platforms for
university students from other disciplines and explore the impact of other variables.
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(MOST 108-2221-E-006-173-MY2).
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Abstract. The purpose of this research focused on designing artificial intelligence
(AI) life learning texts for problem-based learning (PBL). Starting students in
life AI scientific knowledge experience of practical value. This research used
the effective evaluation tool to evaluate the learning results and feedback of 83
university students, and obtained the following four results: (1) to design three
AI teaching units on the social application situational issues in life science; (2) to
develop authentic tools with a good validity and reliability (Cronbach’s α, 0.946)
for students’ open-ended questions of the AI course PBL learning results and PBL
attitude questionnaire with AI situational issues; (3) to present students’ logical
reasoning and activation ability, and improve the cognitive levels of problem-
solving by quantitative analysis of learning achievements; (4) to show that the
factor of students disposition AI courses is the most important for their impact on
learning attitudes by one-way ANOVA.

Keywords: Artificial intelligence · Problem-based learning · Cognitive levels ·
Learning performances

1 Introduction

The 21st century is the innovation era of knowledge economy, the rapid rise of new tech-
nology industry, in order to meet the fourth era of scientific and technological revolution,
Artificial Intelligence (AI), Internet of Things (IOT) and 5G are quietly entering our life
circle. With the rise of AI around the world, AI will bring unprecedented changes to
human society, AI has become the current learning. In recent years, students’ interest
in the meaning of AI in social applications has continued to grow, making AI not only
appear in their own fields, but also play an interdisciplinary role in the application of
tools (Rihtaršič et al. 2016). However, most students’ cognition and application of AI
is still limited, how to face the talent demand in the new century when AI becomes the
core of the fourth scientific and technological revolution, so that students can grasp the
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development trend and context of AI, learn and experience new technology, has become
the focus of attention in many countries around the world.

According to this, advanced countries have been actively involved in AI research
and development and education site integration (Alimisis 2013). Then, the AI in the
information teaching education research is not so much and teaching integration at
the university level is more limited. The current AI curriculum and teaching still have
some problems that students on AI’s social and historical literacy still only stay in
the knowledge concept of the machine itself (Benitti 2012). Further general teaching
strategy activation, construction and learning effectiveness analysis still need to invest in
more research and development (Altin and Pedaste 2013; Sullivan and Heffernan 2016).
Educators believe that activated learning strategies are an important way to improve the
learning effectiveness of students in the higher education system (Prince 2004; Nasr
et al. 2017). The importance of these strategies according to the interest of students will
have a real need to be selected. However, PBL is a student-centered teaching strategy to
improve their learning effectiveness (Mundilarto 2018; Savery 2006). The strategy has
been applied to various subjects teaching and learning by educators.

To sum up, this study designs PBL in the social application of AI (AI-PBL) life
situation teaching texts to provide the experience of authenticity problems. Students will
through active learning group discusses to propose their learning issues, to determine
the scope of knowledge required, and to conduct the necessary research in order to
present their problem-solving skills. The narrative skills of engineering students will be
enhanced by the PBL strategy in the course “Science and Technology Society and Life”.
Therefore, students’ learning achievement, attitude and interviews will be conducted
to improve students’ experience of scientific knowledge, cognitive understanding, and
their learning performances of AI society’s practical value in life in this research.

2 Research Purposes and Question

In summary, the main purpose of this study is to design the life situational teaching texts
of AI society application in PBL. Students take the initiative and cooperate in learning
to start their experience of scientific knowledge for the AI practical value in life, to
enhance cognitive understanding, and to successfully complete the problem-solving in
teaching. In order to make teachingmore diverse and interesting, and learning to become
more meaningful, thereby improving the effectiveness of students in science learning.
Therefore, the focus questions of this research is as follows:

1. How to design and develop AI social application life situation experience teaching
texts of PBL?

2. How to develop an evaluation tool with validity and reliability for students’ pretest
and posttest test items, learning attitude questionnaire and interview test items to
assess their learning performances?

3. How to explore students’ independence variables of different argument gender,
enrollment, frequency of using 3C products, disposition of AI issues, 3C equip-
ment and AI-related knowledge background for their cross-disciplinary experience
learning attitude statistical analysis after PBL strategic teaching?

4. What is students’ feedback reflection in interview of PBL strategic learning?
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3 Literature Review of PBL

PBL teaching strategy is a problem-based and student-centered collaborative teaching
method (Prince and Felder 2006; Jansson et al. 2015). This method is a case learning
which is often varied according to teaching objectives and design (Prince and Felder
2006). In PBL, students acquire problem-solving skills; and in group learning, increase
their self-confidence. PBL teaching method also enhances students’ self-learning and
lifelong learning skills (Hung et al. 2008). The biggest difference between PBL teaching
and other methods lies in PBL use ill-structured problem as a learning situation, to start
students’ learning process, to link learning experience through learning problems in life,
and to stimulate their motivation. Therefore, a meaningful learning process is obtained
by PBL learning strategies, such as actively identify learning issues, apply self-learning,
problem reasoning and solution (Savery 2006).

In the process of PBL teaching, students play an active role in learning, identifying
problems, constructing problems and solving problems, while teachers play the role of
promoters, supporters and monitors of learning, constructing a safe learning environ-
ment and assisting students in their learning functions (Dolmans and Schmidt 2006).
Researchers (Belt et al. 2002; Yoon et al. 2014; Jansson et al. 2015) point out that PBL
strategy can help improve students’ problem solving, self-learning and self-assessment
skills, increase students’ learning and in-depth understanding of the subject in science.
(Gunter and Alpat 2017) also found that PBL has significant results for students’ sci-
entific achievements. (Selco et al. 2003) designed the study of PBL learning strategy
for seawater analysis and found that students were able to produce high-quality study
reports. (Sendag and Odabasi 2009) using online PBL courses, found that this strategy
does improve student critical thinking.

Based on these studies, this research takes PBL as the teaching strategy to design
AI’s life teaching texts applied in society as the learning connotation, and tries to explore
students’ learning processes, problem-solving abilities, learning attitude and feedback
analysis.

4 Methodology

4.1 Participants of Research and Ethical Approval

Participants include engineering students and experts in the relevant fields, divided into
the following:

In students, this research takes the students of author’s school as research samples,
mainly from the sophomore studentswho take the general course of “Technology Society
and Life”. Students from different departments of the three colleges of the whole school,
a total of 83 students participated (distributed gender from48 boys and 35 girls; age about
20–22 year-old), the curriculum discussion in a group of 6 to 8 people, homogeneity
divided into six experimental groups by group cooperative learning.

In the relevant fields of experts, including scientific education experts, sociology
experts and psychology experts, such as a total of seven in three fields, and seniority
in more than 10 years, mainly in assisting the questionnaire question logic, focus and
fluency of the examination, in order to construct the appropriate expert content validity.
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4.2 Instrument Design

The instrument of this research contains open-ended questions and PBL learning attitude
questionnaire. All the design instructions for the research evaluation instrument are as
follows:

Development of Open-Ended Questions. This study designs the draft of the open-
ended questions which invites 1 scientific education scholar, 3 information education
communication scholars, 1 humanities education scholar and 2 artificial intelligence
education scholars, and a total of seven people to conduct the question content and
logical examination. The first draft has been revised to form an expert content validity.
The open-ended questions are designed to assess students’ cognitive understanding of
AI in life social application situational issues.

Development of Learning Attitude Questionnaire. The learning attitude question-
naire consists of two parts, the first part is the basic background information of the
students, and the second part is Likert structured learning attitude questionnaire. The
Likert five scale consists of five options: “very agree”, “agree”, “ordinary”, “disagree”
and “very disagree”.

Basic background information of students aims at providing the independent vari-
able of the research framework. Then, six aspects of the learning attitude questionnaire
provide the dependent variable of the research. The first draft of the “AI Situational
PBL Attitude Questionnaire” was adapted from author’s questionnaire (Su 2016) and
the seven experts were invited to conduct substantial review, revision and deletion. The
revised questionnaire is examined in 109 academic-year. A total of 44 students partici-
pated in the pilot test. Attitude questionnaire with the main component analysis, Bartlett
spherical test reached significant, indicating suitable for factor analysis. There are six
aspects considered in main component analyses of the questionnaire. The Eigenvalue
obtained is above 1.0 with an accumulative explanation variation of 71.85%. The total
scale score of the Cronbach’s α 0.946 reached the satisfactory degree of internal consis-
tency in accordance to students’ learning attitude. According to the research of (Salta
and Tzougraki 2004) reliability, the result of coefficient reliability over 0.900 gave bet-
ter indication of learning scale which confirmed the high internal consistency of this
questionnaire (Su 2008, 2018).

All findings of factor analyses were classified into six dominating dependent vari-
ables of learning attitude:A1 (attitude towards situation-basedPBLcourses),A2 (attitude
towards science instructors), A3 (attitude towardsmultimedia learning environment), A4
(attitude towards AI-PBL students), Qa5 (attitude towards self-evaluation), and A6 (atti-
tude towards statistical results) and these six variables are designed for further SPSS
analytical developments. A total 31 test items in this questionnaire is used to explore
affected factors of learning attitudes. A total result of pilot test indicated that mean score
is 4.000, the standard deviation is (SD) 0.688, Cronbach’s α value is greater than 0.9,
according to the literature shows that the internal consistency of the scale is excellent
(Salta and Tzougraki 2004; Su 2008, 2018).
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4.3 Data Analysis

The data collected before and after the AI-PBL experimental teaching were computer
coded (Arabic numerals in English) and viewed. The statistical method includes the
internal consistency of the Cronbach’s α, descriptive statistical analysis and one-way
ANOVA. All statistical information is carried on the file of SPSS for MSWindows 22.0
software.

5 Results and Discussion

5.1 Designing AI-PBL Innovative Texts

PBL-guided multi-learning texts of AI life issues, such as face recognition system, self-
driving cars and robots, were designed with Ausubel (1968) construction learning theory
in this research. Instructor is the role of promoter and guide, design authentic AI in life
social application situation teaching texts, the application of PBL to guide students to
interactive learning, so that students ponder over and over again, strengthen the concept
of cognition and application.

5.2 Analysis of Pretest and Posttest for Open-Ended Questions

Students’ learning effectiveness are assessed and compared with pretest and posttest of
open-ended questions. The scores are based on the design of Gunter and Alpat (2017).
The percentage of students’ response results shown in Table 1 and improved the overall
conceptual cognitive level for pretest ones.

Table 1. Analysis of students’ average responses rate (%) for open-ended questions between
pre-tests and post-tests.

Cognitive level Score Mean

Pretest Posttest

I 0 3.7 0

SM 1 29.2 15.7

PUSM 2 58.2 67.8

PU 3 8.1 14.8

CU 4 0.8 1.7

In summary, after the application of PBL conducted AI situation-based teaching
posttest, the results showed that the blank volume studentswho did present incomprehen-
sion (I) decreased from 3.7% to 0%, the specific misconception (SM) students decreased
by13.5%, partial understandingwith specificmisconception (PUSM) increased by9.6%,
partial understanding (PU) studentswho increased by 6.7%, and clearly understood (CU)
increased by 0.9%. Su’ study (2017) suggested that aids help students to cultivate their
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problem-solving skills and demonstration of reasoning ability. Cracolice et al. (2008)
also pointed out that students’ reasoning ability is related to the improvement of problem-
solving skills. However, PBL teaching on AI situational issues is indeed very important
for students’ logical reasoning and active learning (Eichler and Peeples 2016; Sadler
et al. 2016).

5.3 Analysis and Discussion for Learning Attitude Questionnaire

Descriptive Statistical Analysis. Effective recovery rate of the students’ learning atti-
tude questionnaire is 81.9%. The descriptive statistical analysis showed that overallmean
(M) value is 3.713, the standard deviation(SD) is 0.596, and the total scale score of the
Cronbach’s α is 0.960. There were totally 31 items in the questionnaire which could be
classified into six dominant aspects: A1, A2, A3, A4, A5 and A6.

– A1: students’ learning attitude towards AI situation-based PBL courses.
– A2: attitudes towards teachers
– A3: attitudes to the multimedia learning environment
– A4: attitudes towards AI-PBL students
– A5: attitudes towards self-learning AI-PBL courses
– A6: views on AI-PBL course results

The mean (M) value above 3.50 revealed that students’ learning attitudes were pos-
itive attributes (Su 2008), and the overall Cronbach’s α value of 0.960 for the internal
consistency in total scales which reached a good satisfactory degree of statistic results
(Salta and Tzougraki 2004). This finding was an important echo for scholars’ research
(Adesope and Nesbit 2012; Lin and Atkinson 2011). Thus, PBL-guided learning could
help students enhance their positive learning attitude (Adesope and Nesbit 2012).

One-Way ANOVA. Owing to AI-PBL group’s blocking variable, a series of ANOVAs
were guided for the multi-variants of theWilks’ Lambda parameter upon attitude survey
samples of the six subscales in this research. Accordingly, a brief summary of individual
learning attitude with the F-ratios, p-values, effect sizes (f), and Scheffé’s post hoc com-
parisons was provided from independent variable of gender of students and disposition
of AI courses.

Independent variable of gender of students (male, 24; female, 44) in six dependent
variables, only aspect A4 has significant (F, 4.563; p, 0.036; f , 0.264), and girls are
better than boys, Cohen’s (1988) effect size f above medium (>.25), other dependent
variables do not differ significantly.

The blocking variable for students’ AI-PBL course disposition (very positive, 17;
positive, 39; neutral, 12; negative, 0; very negative, 0) toward AI-PBL learning attitude
stemmed from a series of ANOVA and combined participants. All six significant aspects,
A1(7.644, 0.001, 0.491), A2(8.088, 0.001, 0.498), A3(4.699, 0.012, 0.380), A4(6.800,
0.002, 0.457), A5(3.253, 0.045, 0.316) and A6(5.712, 0.005, 0.418), were fit together in
determining students’ learning disposition toward AI-PBL nature general course. The
dependent variables from A1 to A6 in Scheffe’s post hoc comparisons showed that
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students had expressed more learning attitudes in “very positive” orientations than those
in “neutral” ones.

Students show a positive learning attitude from descriptive statistical analysis. Fur-
thermore, in terms of students’ learning attitude shows that the independent variable
of AI-PBL course disposition is significant to all six dependent variables, representing
students who like AI courses, and the influence on learning attitude is positive. Scholars
(Alan et al. 2019;Mohtar et al. 2019) emphasize that integrating cross-disciplinary learn-
ing can help students improve their self-efficacy, ensure sustained interest in learning,
and create better products.

6 Conclusions

After this research, developed a reliability assessment tool to evaluate engineering stu-
dents’ learning performances. According to the results of research and analysis, put
forward the following some findings:

1 Texts designing will help the majority of students, so that they can learn and guide
through

2 interaction, enrich their own learning connotation, and improve their learning visions.
3 Instrument developing will assess students’ logical reasoning and activation ability,

improve the cognitive level of problem solving, and make learning results better.
4 The descriptive statistical analysis of students’ learning attitude shows positive

thinking attributes.
5 One-way ANOVA indicates that the factors of students’ natural science course

disposition have an important influence on learning attitude.

This research introduces new thinking for problem-solving to promote engineering
students’ cognitive levels and become a decision maker. The future research will focus
on integration of academic resources and cross-discipline leaning (such as STEM) in
engineering classroom.
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Abstract. The STEAM is an educational concept of interdisciplinary curricu-
lum integration, which involves the knowledge and skills of science, technology,
engineering, arts, and math courses. Countries worldwide are actively promoting
STEAM education plans, as well as related education policies and teaching strate-
gies. Influenced by the idea of learning by doing, STEAM education centered on
hands-on learning has gradually been disseminated and promoted. However, pre-
vious researchwas generally used scales or questionnaires for quantitative analysis
to evaluate the learning performances. That may be prone to be biased by people’s
self-awareness. In order to obtain Intuitive data, this study first uses object detec-
tion to identify variousmaterials and tools through recording the videos of learners
in STEAM hands-on activities. This report can be used as the basic prototype of
the application of computer vision in STEAM education. The ultimate goal is to
identify and judge learners’ participation in STEAM activities.

Keywords: STEAM education · Hands-on · Object-detection · Image
recognition

1 Introduction

With the many countries in the world pay more attention to STEAM education, it
reflects the importance of all countries in the world to interdisciplinary courses. Sev-
eral researchers, educators, governments, and industrial and commercial organizations
emphasize the beneficial effects of STEAM disciplines and related skills in cultivat-
ing creativity and innovation positively impact the future society and economy [1–3].
STEAM education aims to cultivate the ability to integrate knowledge in science, tech-
nology, engineering, arts, and mathematics. Learners use what they have learned in
these fields to identify and solve problems that cannot be solved by a single-disciplinary
approach [4].

STEAM education is not only limited to integrating multiple disciplines but also
needs to incorporate cross-field knowledge into problem-solving capabilities to solve
various problems in life [5]. The general teaching strategy is project-based learning,
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which mainly involves a specific course or activity with the concepts of constructivism,
contextual learning theory, cognitive psychology [6]. Influenced by the idea of learn-
ing by doing, STEAM education centered on hands-on learning has gradually been
disseminated and promoted [7]. The hands-on in STEAM can cultivate learners’ core
competence in engineering through the practice of the production process of the product
and even serve as a bridge between learners’ theory and reality [8, 9]. Moreover, com-
pared to traditional teacher-centered teaching methods, hands-on learning can stimulate
learners’ creativity and independent learning ability [10].

On the other hand, in order to evaluate the learning performances of learners, scales
or questionnaires are commonly used for quantitative analysis [11–15], but this method
is prone to be biased by people’s self-awareness [16]. Therefore, this study is a pilot
study that uses object-detection to identify various materials and tools by recording the
videos of learners in STEAM hands-on activities. In this way, this study can be used as
the basic prototype of computer vision application in STEAM education. Its ultimate
goal is to identify and judge learners’ participation in STEAM activities.

2 Related Work

2.1 STEAM Education

With the launch of the first artificial satellite by the Soviet Union, countries began to
realize the importance of integrating science, mathematics, and technology; they thus
sought to keep up with the development of technology and engineering to avoid military
threats from other countries [17]. Furthermore, tomaintain the country’s leading position
in the rapidly changing and expanding global economy. The leaders of various countries
have begun to regard the innovation and production of industrial, and consider it a neces-
sary condition for economic progress and national competition. A series of educational
reform projects for science, mathematics, and technology have been proposed [18, 19].

The most representative is STEM education proposed by National Science Founda-
tion (NSF) in the 1990s. The term “STEM” education represents the abbreviations for
Science, Technology, Engineering, and Math, which present that education is no longer
an independent subject teaching model, meaning further towards integrating multiple
subjects through the combination of science and engineering [5]. STEM integrates basic
science and mathematics knowledge into engineering and technology and extends it to
other fields [20, 21].

On the other hand, Yakman [22] indicated that most STEM education only regards
various disciplines as independent fields without achieving proper integration; and the
previous STEM emphasizes the knowledge and skills represented by multiple disci-
plines, while culture and humanities were often overlooked in the process from con-
cept to implementation [23]. Therefore, Yakman [22] proposed integrating the arts into
STEM to create a STEAM framework for teaching across disciplines (see Fig. 1).
The STEAM framework establishes more effective interdisciplinary associations and
improves learning mode within and between disciplines [24–26].
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Fig. 1. A framework for STEAM education [22].

2.2 STEAM Hands-on Learning

Hands-on learning originated from the early garage culture in the United States. In
the hands-on process, learners must be able to use their senses and make by themself to
practice products, and then test their learning [27]. Learnerswill form an abstract concept
or theory from the experience of trial, knowledge, and thinking to achieve reflective
thinking through analysis and induction [28]. Holstermann, Grube, and Bögeholz [29]
reported that learners with hands-on experience could show higher interest and learning
motivation than others. It also has a significant positive impact on learning difficulties
[30, 31].

The core of STEAMeducation is to cultivate learners using cross-domain knowledge
to solve different challenges from the real world. Meanwhile, ghallenge and interesting
learning situations tgnite curiosity and desire to explore and find specific solutions [32].
However, the traditional teacher-centered approach is ineffective on particular topics for
STEM or even STEAM education [33–35]. Many studies thus have integrated hands-on
learning into STEAM education, trying to find the most suitable teaching method in
STEAM education [7, 36].

3 Methodology

3.1 Participants

InTheMicro:bit Obstacles Avoidance Car trainingworkshopwas held as an experimental
activity. In this study, a total of 28 students were recruited to participate in this experi-
ment from elementary schools in southern Taiwan, including 17 boys and 11 girls. All
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participants were asked to engage in a series of STEAM activities related to hands-on
learning, which are the obstacles avoidance car tasks. Due to three students could not
complete the experimental procedure, the total number of students after excluding their
experimental data is 25 students. Then, 25 students were assigned to a homogeneous
grouping of three persons according to the scores of the past achievement, which means
a group of people with similar scores to ensure that they will have better interaction to
complete every tasks. The detailed grouping information is shown in Table 1.

Table 1. The details of grouping in this study.

Boys Girls Total

High-achievement 4 2 6

Middle-achievement 8 1 9

Low-achievement 4 6 10

3.2 STEAM Activity

In this experiment, the micro:bit obstacles avoidance car activity was designed by shal-
lower to the deeper, which guides the learners to gradually understand the operation and
concept of the obstacles avoidance car and obtainmicro:bit andmakecode programming-
related information. The details of the task design and arrangement are shown in
Table 2.

Table 2. The task of Micro:bit obstacle avoidance car in STEAM activity.

Tasks Content

Basic programming Micro:bit and makecode

Assembly and drive Use programs to control the movement of obstacles avoidance car

Follow the line Programming the makecode to control gray value sensor to complete the
track and move

Avoid obstacles Programming the makecode to control ultrasonic sensors to avoid
obstacles on the track

3.3 System Design

Based on the excellent detection speed and accuracy of the YOLOv4 model [37] in the
field of object detection, this study thus uses the YOLOv4 model to identify objects
commonly used in STEAM hands-on activity. This study used the generated STEAM
hands-on activities and its collected videos as training data, which targeted the human
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keyboard, mouse, tablet PC, obstacles avoidance car, mobile phone, and pen, a total of
7 objects for marking. The marking tool named LabelImg used is a set of open-source
marking software developed based on Python [38]. LabelImg can be accessed through
Mark the target object by frame selection, which the operation process is shown in Fig. 2.
The final output is the bounding box of each object in the images denoted BBoxi, which
contains the category number Classi, the center point of images X coordinate and Y
coordinate, the image size Xi and Yi, the width of the bounding box Wi and the height
Hi. A total of five data in YOLO format (see Fig. 2).

Fig. 2. The marking process of LabelImg.

The proposed approach is the original labeled training dataset, and the testing dataset
was simply trained through the model of YOLOv4-Large [39], the YOLOv4-Large then
trained the original YOLOv4. In this way, the object features learned by the YOLOv4-
Large were granted to the original YOLOv4 and finally achieved the same detection
speed and improve the recognition accuracy of small objects without increasing the cost
of marking time. Restated, the YOLOv4-Large uses a deeper network architecture to
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overlay and adjust the input image size to 1280× 1280, which can record the character-
istics of more objects. As the input image size increases, the parts of small objects can
be recognized.

4 Results

4.1 The Description of Datasets

This research uses YOLOv4 to identify the operated objects in Micro:bit Obstacles
Avoidance Car activities, the learning materials, and tools include: 1) human; 2)
keyboard; 3) mouse; 4) tablet; 5) car; 6) mobile phone; and 7) pen.

In the datasets, 872 labeled images captured by the fieldwere cut, and all imageswere
divided into 785 training dataset and 87 testing dataset at a ratio of 9:1. As Fig. 3, Fig. 3(a)
is the number of various objects in the training dataset, which shows the distribution of
objects is relatively uneven, especially the least number of mobile phones (class #1) and
pen (class #5). Figure 3(b) is the distribution of the center points of the training set, and
it can be found that the objects in the training dataset are evenly scattered throughout the
screen. Figure 3(c) is the aspect ratio distribution of the objects in the training dataset.
The result denoted that the objects in the training dataset are mostly small objects.

(a) The number of various 
objects 

(b) The center distribution 
of the object

(c) The distribution of object 
size ratio

Fig. 3. The description of the training dataset.

4.2 The Results of YOLOv4 Object Detection

Due to images are taken from the same video for training and testing, the images in
the training dataset and the testing dataset may cause similarity, and then, the results
of accuracy calculated from the testing dataset may be too good to evaluate the accu-
racy of the model accurately. Therefore, to ensure that the testing dataset is completely
independent of the training dataset, and its validity of the accuracy of the evaluation.
The random segmentation is not used when splitting the training dataset and the testing
dataset. In other words, the images in the training dataset and the testing dataset are
from different groups; for example, some part of the training data may come from the
1st group, and some part of the testing data comes from the 3rd group. This way of
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datasets classification can avoid the problem of excessive similarity, and the validity of
the accuracy evaluation can be further ensured.

After training 20,000 epochs, the final average loss is 2.8, and the mAP(Mean Aver-
age Precision) in the testing dataset is 88.7%. The accuracy of each type of object are:
1) human = 98.9%; 2) keyboard = 98.3%; 3) mouse = 98.1%; 4) tablet = 93.6%; 5)
car = 93.5%; 6) phone = 62.7%; and 7) pen = 76.0%. The recognition result is shown
in Fig. 4, which can find that the recognition effect of larger objects is better, but for
small objects, such as pens and phone, the recognition results are relatively poor and
often unrecognizable.

Fig. 4. A sample of the result in YOLOv4 object detection.

4.3 The Results of YOLOv4-Large Object Detection

In this study, the proposed approach is an original labeled training dataset, and test-
ing dataset were simply trained through the model of YOLOv4-Large.Notably, if the
YOLOv4-Large is directly used as the object detection model, the detection time will
be lengthened because the model becomes relatively complex. That is, the original 30-
FPS (Frames Per Second) is reduced to 10-FPS, which means that 20 images reduce
the number of images detected per second. This phenomenon of speed loss will affect
the operation speed of the subsequent overall motion recognition system and cause a
bottleneck; therefore, this study only uses the YOLOv4-Large as an automatic labeling
model. In other words, YOLOv4-Large will automatically label the remaining images
and uses the results of automatically labeled images as a new training dataset to retrain
the original YOLOv4 model.

Finally, after 20,000 epoch training, the average loss is 2.2 and mAP in the testing
dataset is 96.1%. The accuracy of various objects are: 1) human = 99.1%; 2) keyboard
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= 98.6%; 3) mouse = 99.3%; 4) tablet = 95.5%; 5) car = 98.3%; 6) phone = 87.4%;
and 7) pen = 94.7% . The comparison results of different models in STEAM hands-on
activity for object-detection are shown in Table 3.

Table 3. Comparison of different models on STEAM hands-on activity

Human Keyboard Mouse Tablet Car Phone Pen

YOLOv4 98.9% 98.3% 98.1% 93.6% 93.5% 62.7% 76.0%

YOLOv4-Large 99.1% 98.6% 99.3% 95.5% 98.3% 87.4% 94.7%

5 Discussion and Conclusion

Overall, although the original YOLOv4 is used as a model to recognize objects in
STEAM hands-on activity, the recognition effect is better for larger objects; however,
due to the complexity of the STEAM, there are often smaller objects that are not easy to
identify. Therefore, this study proposed a solution to train small models (i.e., YOLOv4)
in the form of large models (i.e., YOLOv4-Large) to improve the recognition accuracy
of small objects while maintaining the same detection speed and not increasing the cost
of marking time.

Compared to YOLOv4, the findings of this study show that the mAP of YOLOv4-
Large increased by 7.4%.Moreover, the accuracy of smaller objects in STEAMobtained
improving, that is, themobile phone increased by 24.7%, and the pen increased by 18.7%.
Based on this solution, objects of large and small sizes can be accurately identified in
STEAM implementation activities to facilitate the implementation of advanced systems,
such as human pose and behavior recognition.
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Abstract. This current work presents exploratory research related to Perusall
activity. One of the objectives of this study was to analyze the Perusalll’s features,
with emphasis on peer work, which can increase individual motivation facilitating
self-regulation learning. Perusall is a social web tool that uses a machine learning
algorithm, which assesses the quality of annotations and students’ engagement.
This tool was integrated with the LMS of Universidade Aberta (Portugal) and it
was used as a pilot project in a Curricular Unit, from the 2nd year of the Education
undergraduate program. We designed a collaborative activity inspired by Inquiry-
based Learning and peer-instruction, to be performed on Perusall. 115 students,
from 2 classes, were involved. To assess students’ work, their engagement and
motivation (basis for self-regulation) we analyzed Perusall´s reports and scoring
based on 6 different components. We also asked students to report positive and
negative aspects related to their experience with Perusall. Our findings confirm
that collaborative reading tools can help students to get more involved in self-
learning, as well machine learning can help instructors work, namely monitoring
and assessment tasks.

Keywords: Machine learning · Perusall · Collaborative learning · Self-regulated
learning · Distance education

1 Introduction

Technology is today, more than ever, an intrinsic component of education, namely in
distance education and eLearning [1–3], not only because of the pandemic situation that
has been going on since 2020 [4], but also because of the variety of educational resources
and tools available for education. In addition to these factors, we have a new students’
profile, who uses technology, namely mobile devices in all contexts of daily life. As
such, it is inevitable that the education system will adopt technology more massively
and equitably. However, the use of technology must be appropriate to the context, the
pedagogical approach, and the learning objectives [5, 6]. Furthermore, the integration of
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technology that uses Artificial Intelligence (AI) can play a fundamental role in virtual
learning contexts, particularly in monitoring and assessment tasks, providing planning
and managing time, and adequacy for more meaningful learning strategies.

These emerging and easily accessible educational opportunities should be struc-
tured and appropriate for the student profiles. In addition to achieving the objectives
to which they are proposed and to be applied with effective quality for learning, it is
necessary to carry out studies and evaluate the contexts of their application. This aspect
can be supported by the potential of artificial intelligence (AI) and more specifically
machine learning (ML). ML is a sub area of AI [7] which enables computers to learn
autonomously. This capability is ensured by algorithms aimed at ML, and allows the
identification of patterns in existing information, construction of models for prediction
without having to be effectively programmed for this purpose. As argued [8], ML is
supported by algorithms and its most valuable aspect is the capability for predictive
modeling. The implementation of predictive models is developed based on information
and historical data to obtain future and new data. In fact, ML is an emerging technical
field in AI based on the computational, statistical and data sciences, considered essen-
tial for more accurate and learning-optimizing education [9]. ML algorithms can help to
identify patterns and student profiles, enable the construction of new perspectivemodels,
and make predictions [10]. The application of AI and ML techniques are conducive to
learning analysis to improve the quality of teaching and student learning, being crucial
for Precision Education (PE) [11, 12]. As reinforced by these authors, PE includes steps
of diagnosis, prediction, data processing and prevention that are associated with the pro-
cess of identifying learning patterns and student behavior, predicting learning outcomes
based on the collected data. These steps allow the timely intervention in the teaching-
learning process, by the instructor, instructional design if planned according to different
progresses and profiles, as well as enabling the student to have greater involvement and
regulation of their learning process.

Self-Regulated Learning (SRL) consists of the intentional, dynamic, and persevering
supervision of the students’ own actions [13]. Asmentioned, student involvement in their
learning process includes intentional adaptations and regulation at the level of cognition,
behavior, emotions, and motivation itself, adapting strategies.

Another aspect related to distance education is the way in which the student assumes
the orientation of their individual learning processes. As advocated [14], SRL is a self-
directed process of transforming and adapting a student’s mental abilities into task-
related skills in distinct areas of learning. Throughout the learning process, the student
understands how to act in order to achieve learning goals and adjusts processes and
strategies accordingly. This autonomy, which allows the achievement of learning goals,
conveys and stimulates the student’s motivation in guiding their knowledge [15–17].
This type of regulation is associatedwithmetacognition by self-assessment of antecedent
cognitive activities. Thus, when regulation is initiated and managed by the student, it
becomes self-regulation. In learning contexts, the self-regulation of processes to acquire
and build knowledge itself is considered SRL. SRL is highlighted in online learning,
and as verified in previous studies, the students’ motivation and goals are important
in the way they “conceptualize the purpose of a course, which in turn influences their
perception of the learning process” [11]. However, the pedagogical approach used can
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be decisive for the student’s motivation and involvement in their learning process. Of the
various learning theories associatedwith distance learning,we consider that collaborative
approaches can bemore effective in the individual and social construction of knowledge,
as expressed in literature [18–20]. Some authors [21–23] point out that collaborative
learning places students in an active role through the development of activities that
promote work among peers in the search for solutions and understanding of a given
subject, making these practices more effective than the traditional method of knowledge
transmission and explanation. It is also reported that collaborative activities, in addition
to benefiting the individual cognitive learning process, contribute to the development of
social skills, as well as to group metacognition [24] and for self-regulation [25].

One of the collaborative learning strategies adopted for a more meaningful learning
and, also, promoting the SRL, is the realization of questions elaborated by students and
answered by the groupmates [26, 27]. Previous studies [28, 29] report that inquiry-based
learning allows students to become aware of what they already know and what they want
to deepen or need to solve a given problem. If the answer is presented by those who
explain according to how they learned (peer-instruction), the process of understanding
is facilitated and becomes more significant [30].

Based on these concepts, a collaborative activity was designed, inspired by inquiry-
based learning and peer-instruction, which took place on the Perusall platform. This free
online social platform, developed by Harvard University, allows collaborative reading
and annotation, asynchronous communication between students and provides various
interaction featureswith learning resources (document or video) andwith the classmates’
annotations and comments. It uses ML to assess the quality of students’ annotations and
their interactions with the document or other learning material and with peers, as well
as providing activity reports and statistics for teachers. The pedagogical potential of this
platform has been documented in several studies [31–36], not only due to the diversity
of strategies that can be adopted, but also due to the level of involvement of students
with the topic under study. Students’ activity reports and “confusion report” can be very
useful to adapt strategies according to the subjects that generated more interactions or
provide support mechanisms for students who showed greater difficulties.

2 Methodology

Considering that data analysis from learning environments has advantages in the study
of SRL student behavior in an online environment, the present study focuses on holistic
assessment based onmachine learning and on reports generated by Perusall, having been
complemented with students’ testimony about using this platform.

Perusall was integrated in the LMS (Moodle) of Universidade Aberta, having been
used as a pilot project in the Curricular Unit (CU) Accessibility in Education and Train-
ing, 2nd year of the Education undergraduate program. The course is entirely online,
and interaction is fundamentally asynchronous. CU foresees 2 assessment moments
throughout the semester with a weight of 20% each, and a final assessment moment with
a weight of 60%. A collaborative reading activity was designed in Perusall, which took
place between April and May 2021. A 43-page document (PDF) on Web Accessibility
Guidelines and strategies for creating accessible digital content was made available. The
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instructions for carrying out this activity asked each student to elaborate 3 questions
throughout the document, answer 2 questions from other participants and vote on the
3 questions they considered most interesting and that related theory to practice or that
would motivate further research on the topic. The activity was evaluated according to
Perusall’s holistic assessment parameters and had a weight of 20% in the student’s final
grade. The group consisted of students from 2 classes with a total size of 115 students.
To facilitate the annotation process and interaction between students, 2 groups were
randomly defined per class with approximately 30 participants in each group. After the
activity, students answered open-ended questions about their experience using Perusall.
The aim of this study was, on one hand, to assess the advantages of using the Perusall
platform, both for student and for teacher, and on the other hand, to understand whether
platforms that use ML can contribute to greater involvement and motivation of students,
thus contributing to SRL.

3 Data Analysis

In this studywe used information from2 different sources: 1) reports and grades obtained
by Perusall, 2) questionnaire on the difficulties experienced and advantages in using the
platform. The questionnaire had 2 open-ended questions, not restricted to word limit.
To analyze the answers, a qualitative content analysis methodology was adopted, which
allows more freedom to students and to obtain less distorted information [37]. In this
syntactic content analysis, words and expressions highlighted by the students were iden-
tified, which were grouped into main categories [38] (Perusall, learning methodology,
and overall activity). The expressions and words that best characterized the student’s
opinion were highlighted, and synonyms and expressions were grouped. In general,
the most used expression was established as a parameter to be analyzed. This strategy
allowed us to use qualitative values and apply a quantitative analysis that translates the
parameters into the students’ responses. For parameter evidence, the “non-observance”
of the comment assumes the value “0”, the “observance” the value “1” and the non-
conclusive opinion we named as “neutral” assumes the value “2”. The obtained data
were organized in a spreadsheet and treated using functions for counting the absolute
frequency of occurrences.

The data obtained in Perusall was based on holistic assessment, with 50% being
assigned to each of the 6 parameters (Annotation content component, Opening
assignment component, Reading component, Active reading time component, Getting
responses component, Upvoting component). The reports generated by Perusall were
also analyzed: Confusion report, Student activity report, Annotation submission time,
Overall assignment progress).

4 Results

There were 115 students enrolled in Perusall, but only 84 participated partially or fully
in the activity and answered the questionnaire, being the majority female (80%).

Based on data obtained from Perusall, the students’ activity related to their involve-
ment and performance, including final grade (score) was analyzed, as shown in Table 1
and Table 2.
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Table 1. Students’ report.

Evidence Class 1 Class 2

Students who have accessed Perusall 57 58

Students who have exceeded the requested tasks 34 35

Students that completed all requested tasks 2 10

Students who performed some of the requested tasks 1 2

Students who did not perform any of the requested tasks 20 11

Total active reading time in course 4 h 52 min 5 h 04 min

Average score 13.72 14.38

Table 2. Overall assignment progress.

Evidence Class 1 Class 2

Completed with maximum score 58.9% 58.9%

Completed but not maximum score 3.6% 17.9%

Some work submitted 1.8% 3.6%

No work submitted 35.7% 19.6%

Comments 275 366

Questions 105 140

Unanswered questions 32 47

Average reading time 2 h 23 min 2 h 44 min

When checking students’ habits, it is interesting to analyze the time intervals of
participation, not only because of how this participation is distributed throughout the
month in which the activity took place, but also in the most active hours of the day, as
shown in the Perusall report (Fig. 1).

Fig. 1. Annotation submission time heat map (Class 1)
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As shown in Fig. 1, participation over time was balanced, although weaker at the
beginning and more participatory in the last days of the activity. In terms of daily sched-
ule, 3 periods (Lisbon time) are highlighted: in the morning, between 11:00 and 13:00,
in the afternoon between 16:00 and 17:00, concentrating at night between 20:00 and
23:00. This performance is very similar to class 2.

Other interesting data are related to the most voted comments and the level of student
involvement. In the information presented by Perusall, the most voted comments and
the most active students are also available. The observation of data from the top 10
comments and the top 10 most active students in the class does not show evidence that
there is a relationship between them, since the most voted comments were not placed
by the most active students.

The data obtained in the automatically generated “Confusion Report”, show that
the first chapter of the document proposed for reading, related to the Web Content
Accessibility Guidelines (WCAG), was the one that summarized more interactions in
both classes, namely new questions, and voting. Chapters 2 and 3, related to interfaces
and visual content, were also very participated and gained more comments. Chapter 3
was also the one that triggered the most external information sharing (hyperlinks and
images) with proposals for alternative texts and long descriptions of shared images.

Regarding the qualitative analysis of the answers to open-ended questions, Tables 3
and 4 present the percentage results obtained for each evidence identified by the students.
Most students considered the use of Perusall to be advantageous, as they considered it
to facilitate learning and enhance peer interaction, as shown in Table 3.

Table 3. Positive evidence about Perusall.

Evidence Observed Not observed Neutral

Advantageous 86% 12% 2%

Learning enhancer/facilitator 39% 61% 0%

Increased interactivity/interaction with peers 54% 46% 0%

Easier access to content 15% 85% 0%

Collaborative and cooperative learning/participation 62% 38% 0%

Increased proactivity 11% 89% 0%

The less favorable aspects about Perusall are related to the difficulties experienced,
namely at the beginning of the activity, as shown in Table 4.

Although 48% mentioned difficulties at the beginning, relating to the fact that they
were using the platform for the first time, the majority said that they had been overcome.
4% of students referred to the existence of several features without specifying whether
they were an advantage or a disadvantage. Some students mentioned that, despite the
tool being interesting, they prefer to have the document printed on paper to read and
annotate.
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Table 4. Negative evidence about Perusall.

Evidence Observed Not observed Neutral

Just at the beginning 48% 48% 4%

Unintuitive 13% 87% 0%

Interface language 10% 90% 0%

Browser incompatibilities 4% 0% 0%

5 Final Considerations

In general, we can state that most students feel motivated to learn with collaborative and
cooperative activities in an eLearning context. The fact that this activity took place on a
newplatform,which, despite being intuitive, proved to be a little complex at first for some
students, seems to have contributed to a balanced involvement throughout the activity.
Still considering the difficulties, more studies should be carried out to understand the
writing problems in the conversation text editor (the cursor does not move) reported by
some students who used Google Chrome as they were overcome when they switched
to Mozilla Firefox. We were unable to identify the problem that was probably related
to a specific browser extension. However, despite the difficulties, students enjoyed the
experience they considered to be a learning facilitator due to interactive annotation,
further study to support their comments and keeping updatedwith their own performance
automatically generated by Perusall. When comparing their opinion with data obtained
from Perusall, namely the student activity reports, we found a high level of adherence to
the proposed activity andmost students hadhigher involvement than expected.Regarding
collaborative reading, some students expressed the need for prior individual reading and
printed documents, as they are used to highlighting information and taking notes in this
more traditional way.

As instructors, we have identified several advantages in using the platform, namely
in the ease of monitoring the learning process, identification of chapters (subjects) that
need further development and excellent help in the difficult task of evaluating student
contributions and engagement. We were pleased by the quality algorithm that, although
the tool is only available in 4 languages, not including Portuguese, student comments
were able to be assessed by this algorithm. This type of processes or algorithms based on
information created by students and on interactions generated during their participation,
that is, during the collaborative reading activity, is referred to as a machine learning
technique, which in fact brings numerous advantages for the education. It should also be
mentioned that the data generated by Perusall can bring several contributions to distance
education, allowing the creation of individual learning paths according to the rhythms,
schedules, interests, and difficulties of each student.

In this pilot project, we used the reports generated by Perusall to analyze the students’
performance (interactions, quality of comments and grades), which showed us a high
level of involvement. The grades (scores) attributed by Perusall allowed us to verify the
potential of machine learning used in Perusall (based on the quality algorithm). Once
the activity was completed, these reports were made available to students so that they
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could be aware of their performance. In the future, it is intended to make these reports
available to students throughout the activity, so that students can have greater control of
their learning.

We recognize that the data obtained in this pilot study enable multiple analyses, how-
everwehighlight in thiswork the role of studentmotivation. It is also intended to continue
this activity by combining pedagogy and technology so that more specific conclusions
can be drawn for self-regulated learning. Although we did not highlight the pedagogical
approach in the present paper, we believe that the strategy inspired by Inquiry-Based
Learning may have helped and motivate students in their first interactions in Perusall.
Also, the fact that the activity is assessed may have influenced the level of participation.
Data suggest that more active and collaborative pedagogical strategies, combined with
technology, in particular with the Perusall platform, can increase motivational levels and
student engagement, contributing positively to self-regulated learning.
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Abstract. Maker education has been regarded by scholars as one of the most
important topics, which is committed to turning ideas into reality. With the devel-
opment of maker education, many makerspaces have been established to promote
maker education. However, the number of teachers in makerspace is limited, so
students can’t learn how to use maker tools effectively. Thus, we found that the
current challenge in maker education is the “lack of teachers” in makerspace. For
this reason, we developed an AR system which can be used in maker education.
This system can help teacher to guide students in maker education. In addition,
we conducted a series of analyses. Based on the results of the analysis, we boldly
assume that the system is helpful to students’ learning in maker education. Finally,
we have listed the problems and solutions encountered during the development
process for future developers’ reference.

Keywords: Augmented reality ·Maker education · Unity

1 Introduction

Maker has been regarded by scholars as one of the most important topics [7], and itis
committed to bringing ideas to life [8]. Maker, also known as “self-maker,” is derived
from the American garage culture in the 19th century [3]. The garage is a place where
self-builders can give full play to their creativity. This visceral, non-profit-orientedculture
is regarded as the origin of the third industrial revolution [17]. However, the word maker,
it was proposed in 2005 byDale Dougherty, the founder ofMakeMagazine in the United
States [4]. Dougherty believes that as long as you do it yourself, the person who realizes
the idea can be called a maker. In addition, former U.S. President Obama held theMaker
Fair at theWhite House for the first time [15], and set June 18th each year as the National
Maker Day [16]. Besides, the United States had more than 400 maker spaces in 2016,
including maker spaces in schools, libraries, and universities [6]. Therefore, maker is
one of the core concepts in the United States to cultivate talents for future generations,
and it also redefines the public’s view of learning. More importantly, students can learn
creativity in the process of creation, thereby enhancing their 21st century abilities [9].

Due to the importance of maker, many scholars have applied it in education, and
makerspace has been established one after another to promote maker education [11].
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Maker education is a teaching strategy based on creation, which emphasizes that stu-
dentsshould be immersed in the process of creation [19]. In other words, students should
learn through hands-on experience, and connect the knowledgewith life, in short, is unite
knowledge and action. For example, some elementary school students use Scratch tocon-
trol Lego devices and use actuators to animate their puppets, and it also allows students
to dvelop collaboration and communication skills, thereby enhancing their expressive
skills [1]. Then we see another case, some elementary school students conducte an after-
school learning activity called “robot building”, and the results show that this activity can
improve students’ knowledge of programming, thereby improving their problem-solving
ability [2]. However, these teaching strategies of case are different from the traditional
strategies, so they require a special teaching environment. Therefore makerspace was
born, it can provide student with an environment based on creative learning [5].

However, the teacher in makerspace is quite limited, so students can’t learn how to
use themaker tools effectively [13]. Professor ZhuZhiting said that the lack of teachers is
an important problem inmaker education [21]. He also said that in some schools,teachers
must use their time after school to work on maker education, which means that they may
not be experts in this field [21].In addition, the scholar said that the “lack of teachers” is a
problem in maker education [14]. And he also said that schools should hire experts in the
field of maker education to design the courses, this is the way to effectively train creative
students [14]. Moreover, the scholar’s study mentions that there are some problems in
maker education, such as: lack of teachers and courses, incomplete teaching system,
etc. [10]. Furthermore, USC Rossier and some teachers created the guide for maker
education, and in the guide there is mention of an elementary school teacher who said
that managing over 30 students at a same time for maker activitie is a difficult task [18].

Basedon the above,wefind that the current challenge inmaker education is the lackof
teacher in maker space. For this reason, we designed an AR animator teaching program
that can be used for maker education, including AR system and animation machine.
Specifically, students must use the system to complete the assembly of the animation
machine. In other words, when students encounter problems in maker activities, they
can use the system to solve them. Therefore, the problem of “lack of teachers” in maker
education has been solved. In addition, we conducted a series of analyses. Based on the
results of the analysis, we have made some suggestions for our system. Finally, we have
listed the problems and solutions encountered during the development of the system for
future developers’ reference.

2 Application Development

2.1 Development Enviroment

Figure 1 shows the development environment of AR system, which contains four soft-
ware. The first one is Unity 2020.3.0f1, which is a game engine developed by Unity
Technologies, and it can be used to develop AR system, so we will use it as the devel-
opment platform of the system. The second is Vuforia 9.8.8, which is an AR software
toolkit developed by Qualcomm, it can support Unity, so we will use it as an AR devel-
opment tool. The third is Illustrator, which is a vector-based drawing software developed
by Adobe. It is not only easy to operate but also powerful, so we will use it to designthe
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2D interface of the system. The fourth is Blender, which is a free 3D graphics software
that can run on different platforms and has rich features, so we will use it to design 3D
models and animations in the system.

Fig. 1. Development environment

2.2 System Diagram

Figure 2 shows the schematic diagram of the system, which lists the most important
five pages. Figure 2 (a) is the animation book page, which explains to the students how
to draw the story. Figure 2 (a) shows the text description in the bottom left corner, the
required tools in the bottom right corner, and the progress bar of the current work in
the top. Figure 2 (b) shows the animator page, which shows students how to assemble
the animator. below the AR movie are virtual buttons that students can touch to control
theprogress of the movie. Figure 2 (c) is the motor page, which shows the students how

(a) Story (b) Animachine machine

(c) Motor (d) Integration

(e) Demonstration

Fig. 2. System diagram.
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to assemble the motor. The bottom right corner of Fig. 2 (c) shows the required parts.
Students can place the parts in front of the camera of the phone and the system will
show the assembly animation. Figure 2 (d) is the integration page, which shows students
how to integrate the motor and the animator. Finally, Fig. 2 (e) is the display page where
students can interact the animation machine with the system.

3 Discussion and Suggestion

3.1 System Analysis

Figure 3 shows the AR systems of other scholars, and we find two systems to dis-
cuss.Fig. 3 (a) is used to learn the geometric concepts of chemical molecules. Specif-
ically,the student has to use the phone to scan the identification card of the molecule,
and then the screen will show the model of the molecule, and the student has to view
the model to learn the geometry of the chemical molecule. The results showed that the
studentfound his system easy to use and would recommend it to other students [12]. In
other words, it is very helpful for learning. Figure 3 (b) is used to learn the use of the
sewing machine. Specifically, the student has to use the phone to scan the identification
card and then an AR video is displayed on the screen and the student has to watch the
AR video to learn how to use the sewing machine. The results showed that the AR
video improved students’ learning efficiency and understanding of complex tasks [20].
In otherwords, it is also useful for learning. In summary, their studies show that the AR
system is useful for students’ learning, so we boldly assume that our system is useful
for students’ learning.

(a) AR model (b) AR Video

Fig. 3. AR learning system

3.2 Development Suggestion

Table 1 shows the problemswe encountered in our development. First, theWindows user
name and folders are named in English to avoid problems in Unity. Second, at present,
the personal version of Unity can only be used if you get a license from Unity Hub, if
you don’t get a license to start Unity, it will not be able to run. Third, when compiling
the apk, the API level should match the Android SDK version, otherwise it will not
be compiled. Fourth, in the AR video, the virtual button should be placed in the center
of the recognition card, if it is too far from the center, it will not work. Fifth, if you
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want to display the expanded objects step by step, you can use SetActive to control the
objects under the Target Image, but don’t control the objects of Target Image or Vuforia,
otherwise there will be problems. Sixth, if you want to develop a new teaching system,
you can get familiar with all the functions of AR before you start designing the system.

Table 1. Suggestion list

Problem Solution

Unity compiler File naming in English

Unity license Go to Unity Hub to get the license

Compiling the apk Versions must match

Virtual button Virtual button design in the center of the card

AR step-by-step guide Program control to expand objects

How to design in the future Familiar with all the functions of AR

4 Conclusion

We developed an AR system, which can solve the problem of “lack of teachers” in maker
education. In addition, based on the analysis results, we boldly assume that our system
will be helpful for students’ learning in maker education. Moreover, we expect that the
development proposal will help future developers. Finally, we propose to improve the
recognition capability of the system, such as the speed or accuracy of recognition.
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Abstract. In this study, we developed 3D-UG with augmented reality (AR) to
facilitate students while learning 3D geometry in authentic contexts. 3D-UG pro-
vided exploring activity with real-time measuring the authentic 3D objects in sur-
rounding with AR. Students learn 3D geometry, measure 3D objects and calculate
the volume or surface of the authentic 3D objects in their home during pandemic
Covid-19 for one month. Participants were forty fifth-grade elementary schools’
students that divide into two groups, twenty students in the experimental group
(EG) used our purpose 3D-UG and twenty students in the control group (CG) used
ruler. The results found that students in EG have improved geometry ability and
outperformed compared with CG. Students in EG has a better understanding of
geometry concept than CG. In addition, students in EG made fewer mistakes in
their formula input and calculation process. It is because students carefully com-
plete the solution and 3D-UGhas clear steps to accomplish the solution. Therefore,
our 3D-UG with AR could facilitate students to learn geometry learning in their
home during Covid-19, exploring 3D objects their surroundings, and experienced
3D object measurement with augmented reality to enhance their geometry ability.

Keywords: Geometry learning · Authentic contexts · Augmented reality

1 Introduction

Recognizing andmaking a shape ormeasuring shape in geometry learning could increase
student motivation because they feel playful with lots of fun [1]. However, students need
to have a good understanding of 3Dgeometry thinking skills to visualize, to interpret, and
to form representations of 3D figures [2]. Students will have the capability to recognize
3D objects as well by understanding the concepts of geometry and the measurement of
geometry objects such as measuring volume and surface areas.

On the other hand, the students should have the capability to engage their under-
standing of 3D geometry with real 3D objects in their surroundings [3]. Several studies
showed that learning geometry in authentic contexts could improve students learning
achievement and students’ abilities, including geometry ability, estimation ability, and
spatial ability [4].

A problem in the learning process, especially in 3D geometry learning, is the lack of
students’ understanding of geometry [5] and interaction between students and real 3D
objects in the surrounding [6]. In authentic contexts, students will be easy to understand
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the types of 3D objects which surround them and to classify the objects according to
their shape. However, very few studies addressed the issue of learning 3D geometry in
authentic contexts and investigated learning behaviors of measuring 3D objects to know
their influence on learning achievement. This is because there are difficulties when the
students measure objects which are large if they only use a ruler. This issue could solve
to use augmented reality technology which has the capability to measure the real world
through cameras [7].

Based on the problems above, researchers developed an innovative system named
3D-UG to facilitate geometry learning in authentic contexts. The following are research
questions to answer in this study:

1. Are there any significant differences in learning achievement between experimental
group using 3D-UG and control group using a conventional method with a ruler?

2. What are the relationships between learning behavior and learning achievement in
experimental group?

2 Literature Review

2.1 Geometry Learning in Authentic Context

There are several kinds of 3D objects like a cube, cuboid, cylinder, pyramid, etc. In
addition, recognizing 3D shapes, measuring volume and surface area of 3D objects in
daily life with and without standard units is also important to students because this real
experience of applying geometry in daily life can consolidate understanding of geometry
concepts [8].

Learning geometry can improve students’ understanding when interacting with
objects around them. Nowadays, understanding how to measure the volume and surface
area of an object is very important and can be used in certain conditions. For example,
when traveling that requires carrying a suitcase, but with limited baggage, we can esti-
mate the volume of our suitcase so that it is not overloaded. But commonly, geometry
is taught using textbooks, blackboard, and 2D images can be effective, but measuring
volume and surface area are not highly effective [9, 10].

2.2 Geometry Ability in Geometry Learning

To visualize, to interpret, and to form representations of 3D figures, students should
have good 3D geometry ability [2]. There are several dimensions of 3D geometry ability,
including the ability to recognize and create 3D shapes, the ability to manipulate and
translate representations of different views of 3D solids, the ability to structure 3D arrays
of cubes, the ability to determine the properties of 3D geometric shapes, the ability to
calculate the volume and area of 3D solids, the ability to compare features of 3D shapes.
In this study, we conducted 3D geometry ability, including the ability to manipulate, to
recognize, to structure, to determine properties, and to calculate volume and surface area
of 3D objects.



Facilitating 3D Geometry Learning with Augmented Reality 69

2.3 Augmented Reality for Geometry Learning in Authentic Context

Augmented Reality (AR) is a technology that displays virtual objects produced by com-
puters in the real world using camera sensors [11]. For example, ARCore that developed
by Google to build AR app for Android devices [7]. As a platform to build AR, ARCore
has been widely used to build authentic learning media based on AR. It is because can
understand the surrounding environment and easier to integrate. Based on the feature of
ARCore above, in this study, we provide AR with ARCore technology in our app. It will
be more powerful for measuring 3D objects in the real world.

3 System Design

We developed 3D-UG to facilitate geometry learning with AR. Our 3D-UG app has
features such as learning, measuring 3D objects with AR, and calculation. Figure 1
shows the learning material including theory, 3D representation, and calculation. The
theory will give students learning material to learn the formula either for volume or
surface area. The virtual 3D representation will show a virtual 3D object that students
can make interaction with. The calculation will show students the step how to calculate,
this function like a calculator that will show the step.

After students learn, students continue to measure real time 3D objects with AR
that shown in Fig. 2. For example, students measure the volume and surface area of a
suitcase in the real world, then students adjust the properties of virtual 3D objects such
as the length, width and height to know the real properties. Finally, students calculate
the volume or surface of 3D object to complete the geometry learning.

3D 
representat

ion Calculation

Theory of 3D object

Start 
measurem

ent

Fig. 1. Learning material on 3D-UG app
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Scrollbar to 
change the 
value of the 

width, length 
and height

3D object in 
real world
and virtual 
3D objects 

The width, 
length and 

height of 3D 
object 

Fig. 2. Measuring 3D objects with 3D-UG app

4 Methodology

The participant of this research is forty people of fifth-grade elementary students which
separated into two groups. The experiment group (EG) consisted of 20 students using 3D-
UG app and the control group (CG) consisted of 20 students with a ruler. Students learn
concepts of 3D Geometry and measuring volume and surface area in authentic contexts.
The experiment conducted 1 month with pretest, learning with exploring activity and
posttest. All activities were conducted in students’ home because of pandemic Covid-19
situations and assisted with a teacher with an online meeting. In details, the teacher
gave the pretest and the tutorial of use the 3D-UG via online meeting in the 1st week.
In the 2nd until 3rd week, the students used 3D-UG app to explore and measuring 3D
object in their surroundings. In the 4th week, teacher gave posttest content and submit
it via online meeting. The topics for this study were measuring volume and surface area
of cube and cuboid. As seen in Table 1, the research variables about learning behavior
and learning assessment to measure 3D geometry ability. The analysis uses ANOVA
to analyze the significant differences between EG and CG in both pretest and posttest.
In addition, Pearson correlation analyze will conduct to know the relationship learning
behaviors from 20 students in EG with post-test. The learning behaviors data collected
from two weeks activities. At least, students measure and calculate both one volume and
surface of cube and cuboid.

Table 1. Research variables

Variable Description

Learning achievement

1. Geometry ability Ability to visualize, interpret, and form representations of 3D [2]

Learning behavior

2. Error calculation The number of errors in the calculation process

3. Error formula The number of errors in the formula while trying to calculate volume &
surface area

4. Number attempts The number of trying to calculate the volume & surface area
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5 Results and Discussions

5.1 Learning Achievement of Geometry Learning Between EG and CG

TheANOVAanalysiswasconductedtotest inbetweentheEGandCG,asshowninTable2.
It shows that students’ prior knowledge not significantly different (p> 0.05) between EG
andCGonthepretest. Inotherhand, theresults foundthat there isasignificantdifference in
geometryability (F=12.434,p< .05)alsostudents’geometryability inEGoutperformed
CG. This indicates that students significantly improved their geometry ability after using
3D-UG app.

A possible reason is that 3D-UG app with AR facilitated students which can identify
the 3D object in their surroundings and define the properties such as length, width, and
height and do the calculation. Therefore, students in the EG can understand the concept
of geometry better than students in the CG.

Table 2. Learning achievement between EG and CG.

Group N Pretest Posttest

M SD F Sig M SD F Sig

EG 20 27.200 7.179 .525 .410 34.850 2.231 12.434 .001

CG 20 25.400 6.468 30.150 3.528

5.2 Learning Behavior of Geometry Learning in EG

The correlation analysis in Table 3 shows that error calculation has a negatively signif-
icant correlation with geometry ability (r = −.521, p = .018). The results show that
students who got higher scores were made fewer mistakes in the calculation process. It
indicates that students need to be aware of their calculation process when they tried to
solve the geometry problem in authentic contexts.

Table 3. Learning behavior on EG

1 2 3 4

Learning achievement

1. Geometry ability 1

Learning behavior

2. Error calculation −.521* 1

3. Error formula −.446* .318 1

4. Number attempts .178 −.391 −.239 1
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The number of error formulas also has a negatively significant correlation with
geometry ability (r = −.446, p = .049). The results shows that most students who got
higher scores were made fewer mistakes in the formula. It indicates that students should
make sure that the formula is correct before they do the calculation.

6 Conclusions

Regarding research question one, the results show that there is a significant different
between EG with our 3D-UG app augmented reality and CG with a ruler. Our 3D-UG
app with augmented reality can help students to learn geometry concepts and improved
their geometry ability on learning achievement. Furthermore, the EG outperform in their
learning achievement’ score compared with CG. It is because EG can understand the
concept of geometry learning when learning with 3D-UG.

Regarding research question two, the results found there is relationship between
learning achievement and learning behavior. The results found that students in EG
checked the calculation carefully before submitting the solution and checked the formula
before the calculation.

In addition, the limitation in this study, students learning with 3D-UG on their home
because of pandemic Covid-19 situations that imply the difference of 3D object that
measured by students. The geometry learning in this study was limited to measure
volume and surface on cube and cuboid. We analyze the learning behavior only in the
EGgroup.We suggested that the future study can use collaborativemeasurement because
students in their home and 3D-UG extend with other 3D objects.
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Abstract. In this paper, a simulated learning strategy in communication skill is
implemented by virtual reality technology and is applied to the course of telecom-
munication line plant certification which is the important skill training course in
communication engineering. The proposed system is implemented as a full auto-
matic evaluation system to demonstrate the effect of the brand new learning strat-
egy for field test in telecommunication skills to validate the learning performance
and efficiency. It is observed, from the experimental results, that the learning strat-
egy can not only improves the student’s learning performance and interest in skill
training but also provide a stress-free and unlimited learning environment than
the traditional teaching methods. That is, due to the strong extension to variety
applications, it is very suitable for complementing physical training courses to
achieve the best learning effect.

Keywords: Simulation learning · Self-skill training · Telecommunication line
plant certification · Virtual reality technology

1 Introduction

Telecommunications technology refers to the use of electronic technology to transfer
information between different locations which includes different long-distance com-
munication methods such as radio, telegraph, television, telephone, data communica-
tion, and computer network, etc. Communication technologies mainly include trans-
mission access, network switching, mobile communication, wireless communication,
optical communication, satellite communication, support management, private network
communication and other technologies. The above communication technologies are
composed of the most basic carrier telecommunications lines. Different countries and
regions around the world use dense telecommunication lines to achieve connectivity. At
present, the main communication lines are still mainly copper cables, but more and more
high-speed lines are replaced by optical fibers.

In Taiwan, the connection of communication lines requires professionals who have
been passed the certifications which are called regulatory licenses. For example, the
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“Communication Technique Skill”, (also named as “Telecommunication Line Verifi-
cation”) level B and C skill certification of the Ministry of Labor of the country are
included. The state actively promotes the cultivation of such professionals through the
establishment of professional certification sites, and then integrates certification with
international standards, promotes international labor mobility, and trains students with
practice ability and technique in telecommunications, Internet, and optical fiber com-
munications through the implementation of verification tests. The scope of work of a
certified communication technology (telecommunication line) technician includes the
erection, installation, and simple maintenance of various telecommunication lines and
their terminal equipment.

As mentioned above, in order to obtain a professional license for telecommunication
lines plant, students must learn a lot of basic knowledge. In addition to a lot of parts and
materials that need to be known, the complicated steps of practical exercises are very
cumbersome. Moreover, different designated topics require a variety of different skills
and knowledge which should be familiar in advanced, and it is necessary to increase
proficiency through repeated practice before it can be completed within the time limit.
Therefore, in addition to being a big challenge for candidates, the time, materials, and
related equipment and other resources required for the practice process are all extremely
heavy burdens. For example, in order to obtain a license, students usually need to partic-
ipate in special training courses. In addition to spend a considerable amount of practice
time in a specific laboratory, the expenses for related consumables and training often
cost more than hundreds of US dollars, which is a heavy burden to students.

On the other hand, the simulated learning and training method is a fast growing and
powerful strategy in modern education, which replicates the context of real case in a safe
environment and provides interactive and feedback activities for students to achieve bet-
ter learning effect, especially for clinic and nursing education fields [1–6]. The students
who participated in such activity gained “great interest” and “encouragement” from the
VR supportive teaching materials, thus demonstrating enhanced skills and confidence
in performing real practice. Most research shows that most students also agree that the
VR-supported skill learning system provides clear and standardized steps. Since the
system provides students with unlimited access time and practice time, it reduce the
space and time limitation in the conventional skill learning model. In addition, students
who are beginners can use the system to fast understand the whole process and reduce
the pressure of learning. Moreover, the learning feedback can also be obtained from the
system by notifying the wrong operations automatically. Since the risk-free VR envi-
ronment is suitable for adaptive teaching strategies, it improves the ability of trainers to
solve complex teaching problems. This innovative educational tool can shorten the dis-
tance between student theory and practice by reducing student anxiety and patient safety
issues [7, 8] In addition, VR provides unlimited access to risk-free simulated presence
scenarios, thereby reducing students’ anxiety and improving students’ self-confidence.
Students participating in VR scenarios said that they are not under the pressure usually
caused by the presence of teachers and can follow their own learning progress. In addi-
tion, students are no longer afraid of being embarrassed or scolded by their tutors for
their mistakes, thus greatly reducing learning anxiety. These results include our previ-
ous work [9–11] disclose that the VR system can be a good learning assistance for skill
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training. On the other hand, using VR as the other professional skills training such as first
responder training, military training, and workforce training, etc., as well as the common
assessment tests and evaluation methods for validating the VR training effectiveness are
also reviewed and well discussed [12–15].

In view of this, this paper proposes a telecommunication line skills verification prac-
tice system based on virtual reality to train the complicated and professional skills of
telecommunication line plant. The training system combines functional modules includ-
ing image recognition, voice recognition, gesture control, interactive immersive situa-
tions, automated assessment, and practice data analysis to build an immersive VR envi-
ronment for self-training and auto-assessment purpose in telecommunication line plant
certification field. In addition, for students who use this system to practice, preliminary
exploration of changes in learning interest, motivation, and effect are carried out to verify
the performance of the VR learning system.

2 Research Methodology

Descriptions of the research methodology include two aspects: namely the system
construction and the study of learning effectiveness, which are described as follows:

2.1 Building up the VR Training System

In order to realize an automated VR skill training and verification system, the research
team needs to complete 3D modeling of scenes and objects to realize the training space,
equipment, and training materials required in the real world. The required 3D scenes
and objects are first produced by Maya software package, and then imported into the
Unity3D platform to complete the relevant scenes, equipment, and materials.

The VR training system uses Unity3D as a platform for script design and execution.
Once the 3D scenes and objects are completed, the next step is to program and implement
training scripts. The training operation script is realized one by one according to the
content of the necessary completion work items and the evaluation standard description
file in the skill verification specification. Once the operation script is completed, it is
implemented in a programming language (C#) to verify its operation function in the
Unity environment. For example, the basic and necessary work such as “instrument
and tool use” item. Under this item, the evaluation standard description includes the
usage of “three-purpose meter”, “oscilloscope”, “light source power meter"… etc. In
another example, the necessary completion work ‘line engineering” item includes “cable
testing”, “cable connection”, and “basic wiring”. Once all the operating scripts had been
programmed and undergone the functional verification, the user can use the VR helmet
with the control handle to perform skill training in the virtual scene.

2.2 Discussion on Learning Effect

A small number of trained students are invited to conduct a preliminary discussion on the
difference of learning interest, motivation, and effect caused by usingVR training system
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for self-skill training. This paper uses interviews to understand students’ learning moti-
vation, interest, effectiveness, and feedback from the experience of using this self-study
system. The guiding questions are modified from part of [11, 16] which includes the sub-
jective differences compared with traditional training methods, the subjective learning
results caused by the training system, the experience of learning activity using VR sys-
tems, as well as the difficulties encountered during the self-learning process. A lecturer
from the Department of Communication Engineering served as the moderator for inter-
view questionnaire design and data collection, and the lecturer was trained to conduct
focus group quantitative research. The questionnaire process ensures the anonymity of
the data to ensure that students’ responses do not affect their assessment of course per-
formance. In addition, due to the impact of the COVID-19 epidemic, all interviews are
conducted using online questionnaires. The guiding questions are described as follows:

Learning Effectiveness and Satisfaction:

1. This training system has achieved my individual learning goals.
2. I have acquired a deeper understanding by the participation of the training system.
3. My academic performance level will rise as a result of my attendance to this training

system.
4. I am satisfied with the educational content in the training system.

Training System in This Course:

1. The system creates an appropriate educational and training environment.
2. The system organizes the training sessions properly to make the most use of the

training sessions.
3. The training system was equipped with the highest standards of quality.
4. I will recommend others using this system for VR development.

The above questions are evaluated by adopting the 5-point Likert Scale, ranging
from 5 (Strongly Agree) to 1 (Strongly Disagree). On the other hand, in order to collect
subjective feelings of the users for comparison of the difference between the practical
training and the virtual training, the following two questions are asked:

1. In your opinion, what are the advantages of using a VR system for automated skill
training (examination) compared with actual on-site practice (examination)?

2. In your opinion, what are the disadvantages of using a VR system for automated
skill training (examination) compared with actual on-site practice (examination)?

3 Experimental Results and Discussions

The proposed VR training system is implemented under the Unity3D 2019 platform.
The hardware architecture includes high-end laptops (with Intel Core i9 CPU, 16G
DDR RAM, and NVIDIA GeForce graphics accelerator GTX1080) and a VR helmets
set (HTC VIVE Pro). In the teaching content part, the designated assessment items
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in the communication technology verification test are implemented as the content of
skill exercises. Users need to wear helmets and handles to enter the simulated training
classroom and complete all the designated assessment items. During the operation,
students can terminate, suspend, or re-practice at any time. In the simulated classroom, in
addition to the optional prompt board for displaying the operation steps, the correctness
of each operation step will be judged and can be feedback to the user. All step prompts
and operation feedback functions is optional for user. After completing all the operations,
the system will automatically record the students’ practice results, including the number
of exercises, wrong step points, total score, number of wrong steps, and the statistical
value of the error rate for each steps. Students can also use the video playback function to
watch the wrong steps and the corresponding standard operation, so as to practice their
skills repeatedly until they become proficient. The related system architecture, operation
process, and content to be provided are displayed in Figs. 1, 2, 3, 4, 5, 6 and 7.

Fig. 1. The implemented VR scene of telecommunication line examination, including all the
tools, consumables, and test questions.

Fig. 2. Snapshots of the scene, note that the hint display board can be activated or not by the user.

Fig. 3. Demonstration of operation steps of the optical fiber cutting (left) and fusion (right).
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Fig. 4. Demonstration of operation steps of the optical fiber plant (left) and assembled (right).

Fig. 5. Learning feedback from the VR system during the training process, operation is correct
(left) and operation is incorrect (right).

Fig. 6. The user can follow the directions list in the displayed board step by step to complete
the whole process. The system will automatically check every step (left) until the examination is
finished (right).

Fig. 7. All the evaluation work of the examination/training process is automatically done
according to the given response of the user, no instructor is needed.



80 C. Lai

In the part of system effectiveness verification, this research adopts questionnaire
analysis method for evaluation. A total of 25 students from the four-year university
department are collected from questionnaires (limited by the number of students had
taken the entity verification course). The average age of the participants is 21 years
old, who are selected from those have taken the telecom line verification course. These
students have actually participated in the physical practice operation of the telecom line
verification, therefore, after inviting these students to carry out the line plant operations
in the VR training system, their opinions are collected to compare the subjective feel-
ings after physical training and VR virtual training. After analyzing the results of the
questionnaire, the students’ opinions on using the VR system for skill verification and
training, the quantitative results are presented in Table 1.

Table 1. Summary of response to 8 survey questions using 5-point Likert Scale.

Survey questions Strongly
agree
(5)

Agree
(4)

Neutral
(3)

Disagree
(2)

Strongly
disagree (1)

Mean
value

This training
system has
achieved my
individual learning
goals

13(52%) 5(20%) 6(24%) 1(4%) 0 4.2

I have acquired a
deeper
understanding by
the participation of
the training system

14(56%) 7(28%) 4(16%) 0 0 4.4

My academic
performance level
will rise as a result
of my attendance
to this training
system

12(48%) 8(32%) 5(20%) 0 0 4.3

I am satisfied with
the educational
content in the
training system

14(56%) 7(28%) 4(16%) 0 0 4.4

The system creates
an appropriate
educational and
training
environment

13(52%) 6(24%) 5(20%) 0 1(4%) 4.2

(continued)
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Table 1. (continued)

Survey questions Strongly
agree
(5)

Agree
(4)

Neutral
(3)

Disagree
(2)

Strongly
disagree (1)

Mean
value

The system
organizes the
training sessions
properly to make
the most use of the
training sessions

12(48%) 8(32%) 4(16%) 1(4%) 0 4.2

The training
system was
equipped with the
highest standards
of quality

12(48%) 8(32%) 2(8%) 3(12%) 0 4.2

I will recommend
others using this
system for VR
development

14(56%) 6(24%) 2(8%) 3(12%) 0 4.2

Observing from the results presented in Table 1, it is noted that the effectiveness
of the students’ skills training using the VR system reached 4.2, 4.4, and 4.3 points
respectively (Rows 2–4), while their satisfaction with the use of the system (Row 5)
reached 4.4 points. In addition, the evaluation of system context design (Row 6), content
provision (Row7), andoperating functions (Row8) reached4.2 points equally. Ifweview
the first two columns (Strongly Agree and Agree) of each question as positive response,
then 80% of the users give positive response to verify the “learning effectiveness and
satisfaction item” while 79% of the users give positive response to verify the “training
system item”.

On the other hand, in the qualitative subjective description part, it can be divided into
the following five categories: convenient practice, fast skill learning process, reduced
learning pressure, friendly to the environment, and lack of realism, etc.

Opinion 1: Practice is Very Convenient, but It Takes Time to Adapt. Most of the students
stat that since no physical space and materials are needed in the VR simulation envi-
ronment, it is more convenient to prepare for practice. However, despite simplifying the
learning process, students still have to spend time learning and adapting to the operation
of the VR system.

Opinion 2: The Process of Skill Learning Can Be Completed Quickly. The students
expressed that they can acquired the operation process hint on the prompt list displayed
in theVR skills learning system. by stepping through each step of the procedure, students
can learn and knowwhere theymade amistake. when a student makes an operation error,
the system will give the alarm to remind them of mistakes immediately, thus made the
students who are not familiar with the practice procedure can understand the complete
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operation steps through repeated practice. This make students can achieve the goal of
operation step learning quickly. In addition, some students suggested that the VR skills
practice should be carried out before the physical skills operation course, which will
enable students to understand all the procedures before the actual operation, thus to help
students to make more precise actions during the physical training process.

Opinion 3: Offering the Stress-Free Learning Environment. Through skill teaching and
feedback demonstration, teachers are very important in physical training courses. How-
ever, teachers on the spot also make students feel nervous, fearful or lack of confidence,
which affects their performance. However, in the automated VR training system, since
no real instructor appear to perform incorrect instructions and correct demonstrations,
students can arrange their own schedule, practice times and self-correction. Therefore,
students generally F that the VR system can provide a much stress-free and independent
learning environment and makes learning activity easier.

Opinion 4: More Friendly to the Environment. Most students pointed out that since
the physical teaching process requires the construction of laboratories, supervisors, a
large amount of consumable materials, and expensive equipment, the cost of learning is
extremely high and inconvenient. In addition, due to the expensive materials, students
must be cautious in the practice process, and it is not easy to pay for the expenses required
for repeated practice, which prevent students from completing skill exercise. However,
in the VR training system, not only the VR system requires no consumables, but also
students can repeat the exercise process indefinitely without limitation of time and space.
Since the VR system can greatly saves time (students’ waiting time for practice), human
resources (teacher’s supervision) and material resources (the cost of equipment and
consumables), it is extremely friendly to the environment.

Opinion 5: Lack of Real Body Sense. Almost all students stat that there is a greater
sense of reality and in traditional training methods. the students pointed out that the hand
operation/touch mode of the VR environment cannot provide the actual touch feeling
and force feedback as students experienced in the actual practice, and the operation
process cannot achieve the feeling of real wiring, stripping, knocking, etc., While the
detailed operation movements cannot be achieved thus it is not easy to extend the virtual
experience of the practice to the practical situation of the physical exercise. In addition,
the VR system cannot provide actual circuit state measurement, so it cannot predict and
respond to unexpected situations in future implementations.

It is observed from the above experimental results that the learning effectiveness, user
satisfaction, completeness of content provision, and good operating functions as well as
environment of this VR training system can be effectively verified.Moreover, in addition
to the lack of real sense of body, students generally believe that the VR training system
can provide a more concise and effective skill practice environment with properties of
stress-free, free from time and space constraints, and friendly to the environment. It is
very suitable for combining with physical practice courses as a supplementary usage for
fast, intensive, and independent learning. In summary, the VR skills training assistance
system can replace students with traditional skills teaching methods and serve as an
auxiliary tool for future students to learn independently. Since students do not often
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have the opportunity to physically train their skills, they can use the VR skills training
system to accumulate operations experience, hence to help to strengthen the effectiveness
during the physical training.

4 Conclusions

This paper proposes a telecom line plant skill verification practice system based on
virtual reality technology to assist the professional skill training. The virtual training
system combines functional modules including image recognition, voice recognition,
gesture control, interactive immersive situations, automated assessment, and practice
data analysis to build an immersive VR skills training and verification environment, thus
achieves the goal of automated professional skills training and assessment. Regarding
the verification part of the system, a questionnaire evaluationmethod is adopted to collect
opinions for analysis from students who had undergone both the physical training and
virtual training process. The experimental results show that over 80% of the users verify
that the VR training system has good performance for students’ learning effectiveness,
learning integrity, and user satisfaction. In addition, due to the characteristics of the VR
system itself, it can provide amore stress-free, environment friendly, and less time-space
limitation strategy while attending the autonomous and self-learning goal. Finally, due
to the strong extension to variety applications, it is very suitable for complementing
physical training courses to achieve the best learning effect.
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Abstract. In this study, a literature review was conducted on the trends in apply-
ing mixed reality (MR) technologies to education over the past decade (2011–
2021) and to examine the learning outcomes achieved. This in-depth research
project and examination included 64 articles in total, and an integrated analysis
was performed based on six dimensions: year of publication, research discipline,
educational stage of subjects, location of experimental subjects, learning orienta-
tion, and experimental design. The research results indicated that MR was mostly
applied to teaching, practical training, and auxiliary experiences in the fields of
health and wellbeing and science took the form of using simulation experiences
during teaching and practical training and assisting students in visualizing abstract
concepts. To improve students’ learning cognition and enhance their practical
abilities. In addition, relevant suggestions for mixed reality in education future
research are proposed. The experimental data compiled in this study can be used
for follow-up analysis, which will clarify the key moderating variables affecting
the effectiveness of the application of MR technologies to teaching.

Keywords: Reality technologies ·Mixed reality · Learning effectiveness ·
Literature review

1 Introduction

The robust development of science and technology in recent years has facilitated the
integration of new technological equipment into the field of teaching, leading to qual-
itative and quantitative improvements in research on educational technologies. At the
same time, the application of reality-altering technologies—virtual reality (VR), aug-
mented reality (AR), and mixed reality (MR)—to education has become more frequent
and extensive due to falling equipment costs. These technologies can be used to assist
teachers and supplement, but not completely replace, classroom teaching. They can also

© Springer Nature Switzerland AG 2021
Y.-M. Huang et al. (Eds.): ICITL 2021, LNCS 13117, pp. 85–94, 2021.
https://doi.org/10.1007/978-3-030-91540-7_10

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-91540-7_10&domain=pdf
https://doi.org/10.1007/978-3-030-91540-7_10


86 C.-Y. Tseng et al.

be used to promote interest in various industries and professions and can be used to
enhance education, medical technology simulations, design, military training, tourism,
architecture, and entertainment.

VR is a completely immersive experience: the equipment isolates users from the real
world while a computer system simulates a virtual environment that is realistic, thereby
providing them with an all-encompassing experience that mimics personal involvement
in a scenario. However, VR is limited by its inability to create connections with real
spaces. This shortcoming was eventually addressed by the emergence of AR, which is
a partially immersive experience. Its technical principle involves superimposing virtual
objects (such as digital audio and video or text) onto the real world using cameras
along with recognition and positioning technologies. This creates the illusion of virtual
objects existing in the real world. However, AR lacks the ability to mimic immersion in
an alternate environment, as with VR.

Through the environment that they create, MR technologies compensate for the
shortcomings of VR and AR. They provide a partially immersive experience, with users
seeing virtual objects in real environments through head-mounted display units. The
immersiveness of VR and the real-life environment of AR are equally emphasized:
through the integration of the real and virtual worlds, users can interact naturally with
virtual objects in the real environment with their hands. Past studies have concluded
that MR better stimulates students’ multi-sensory memory, and it is being introduced to
traditional education [1–3], This has encouraged many researchers to focus on finding
ways to use MR technologies to teach more effectively and improve learning efficiency.
An overview of the research conducted in recent years revealed that some studies found
MR to be helpful at enhancing learning motivation, which in turn improved learning
effectiveness. Other researchers, however, did not identify any major difference (did not
reach significance) between the learning effectiveness of reality-altering technologies
and traditional teaching methods [4]. Consequently, the opinions on the topic can be
divided into two groups.

In this study, the literature review method was adopted to collate and analyze the
related articles published over the past decade. It is hoped that, through the findings of this
research, researchers in related fields can clearly understand the trends in the application
of this type of technology to today’s educational context as well as its advantages, flaws,
and limitations.

2 Method

2.1 Literature Collation Process

The Web of Science (WOS) database was used for the literature search. The keywords,
defined to target the learning effectiveness ofMR in education,wereTS= (MixedReality
in Education), OR TI= (Mixed Reality in Education), OR KP= (Mixed Reality), AND
language (English) AND document type (Article). The time range for the search was
2011–2021. Eventually, a total of 389 articles were retrieved from the WOS database
for follow-up analysis and examination. A flowchart of the literature search is shown in
Fig. 1.
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Fig. 1. Flowchart of the literature search process

2.2 Establishing the Selection and Exclusion Criteria

The following criteria were set for the screening of articles:

1. All articles whose subject and content were related to research on the application of
MR technologies to education were included, with no restrictions on the field.

2. The articles could not be mere descriptions of VR or AR technologies being applied
to education.

3. The articles needed to be complete papers with content that included the impact
and results of integrating MR technologies into education. Literary analyses and
literature reviews were excluded from the types of article that could be selected.

2.3 Screening for Usable Articles

The first stage of this research involved searching the WOS database using keywords;
389 articles were retrieved. Next, a preliminary screening was performed based on the
articles’ titles and abstracts before the articles found using the WOS database were
imported into EndNote. The latter’s search panel function permits searching of articles
based on titles, abstracts, and keywords so that matching documents can be identified
easily. Only MR-related documents were retained; those that did not mention MR or
only mentioned VR or AR were excluded. The final number of articles was 92.

The second round of screeningwas carried out according to the previouslymentioned
selection and exclusion criteria. For collation, the 92 articles were coded in order. During
the process, the articles were screened, and the following types were excluded: those that
were not related to MR in educational research, those that did not constitute complete
papers, and those that were focused only on VR and/or AR. The final number of articles
was 64, all of which were included in the follow-up collation and analysis.
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3 Results

3.1 Trends of Articles on MR in Education

Many articles not relevant to this study had already been excluded during the self-
designed screening process. It is obvious from Fig. 2. that, in recent years, research on
MR in the educational environment has exhibited a consistent upward trend. The decline
in the results for 2021 was due to the lack of data for the year, since the final search
period of this study was April-May 2021.
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Fig. 2. Number of articles on MR in education by year

3.2 Trends in the Educational Field

In this study, the categorization of articles’ disciplines was based on the fields in educa-
tion defined in the International Standard Classification of Education (ISCED), which
was proposed by the United Nations Educational, Scientific, and Cultural Organization’s
(UNESCO) Institute of Statistics in 2012 [5]. The statistical data of the categorized arti-
cles are shown in the Table 1. The educational subjects classified as part of the “services”
discipline included leisure tourism, transportation services, and environmental protec-
tion. Two articles were classified as “others” because one only described the experience
and process of game development during the application of MR in educational games;
the other listed examples of MR in education but mentioned many subjects without
focusing on any specific topic.

The results showing the discipline-related trends indicated that the health and well-
being and science fields accounted for most of the articles, followed by the education
and engineering and construction fields. There was no relevant article on the agricul-
tural field. Research on the introduction of MR technologies to medical education was
increasingly common: besides helping medical students visualize medical theories to
facilitate their understanding, MR also allows learners to practice performing medical
operations and other related simulations more easily.
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Table 1. Statistical breakdown by discipline

Discipline Article Quantity

Education Loup et al. (2017); Dawson et al. (2017);
Vince et al. (2016); Dieker et al. (2014);
Walker et al. (2016); Mateu et al. (2014)

6

Humanities and arts Tang et al. (2020); Shin et al. (2020) 2

Social sciences, business, and law Gonzalez et al. (2021); Wang et al. (2018);
Seaborn et al. (2020)

3

Science Duan et al. (2020); Barrett et al. (2018);
Allcoat et al. (2021); Lindgren and Johnson
(2013); Danish et al. (2020); Burleson et al.
(2017); Lindgren et al. (2016); Johnson
et al. (2016); Mateu, Lasala and Alamán
(2015); Freschi et al. (2015); Alzahrani
et al. (2014); Beyoglu et al. (2020); Weng
et al. (2019); Langbeheim and Levy (2018);
Mavilidi et al. (2017); Johnson et al. (2014);
Arango et al. (2019)

17

Engineering, manufacturing, and
construction

Tumkor (2018); Dai et al. (2021); Wu et al.
(2020); Wu et al. (2019); Bosché et al.
(2016); Wong et al. (2013)

6

Agriculture 0

Health and wellbeing Kim et al. (2020); Rositi et al. (2021);
Proniewska et al. (2021); Hauze et al.
(2019); Coelho et al. (2019); Schoeb et al.
(2020); Schneider et al. (2020); Ruthberg
et al. (2020); Martin et al. (2020); House
et al. (2020); Hammady et al. (2020); Galati
et al. (2020); Antoniou et al. (2020); Zorzal
et al. (2019); Zhang et al. (2019); Qin et al.
(2019); Coelho et al. (2018); Birt et al.
(2017); Dunnington et al. (2015); Hooten
et al. (2014); Hochman et al. (2014); Chuah
et al. (2013); Sampson et al. (2021); Hauze
et al. (2019); Wang et al. (2020); Wainman
et al. (2020); Aruanno et al. (2019)

27

Services Gralak (2020) 1

Others Lee et al. (2016); Mateu and Alamán (2013) 2

The science field focuses on inference, thinking abilities, and the need to understand
many abstract concepts. The incorporation of MR technologies facilitates students’
understanding of abstract concepts, which allows them to easily integrate theory and
virtual elements and enjoy a high level of interactivity with objects in their environment.

This form of supplementary teaching improves learning effectiveness.
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Simulation and teaching training are common teaching methods used in the educa-
tion and engineering and construction fields. MR technologies are used to enhance stu-
dents’ learning experiences and strengthen their practical abilities. Students can explore
learning strategies that cannot be easily conveyed through traditional learning methods.
Through operating virtual equipment in a virtual environment, they can also easily simu-
late the performance of skills that are more complex and reflect and improve upon every
action that they execute. The use of real-world equipment further enables learners to
become familiar with tools’ operation, thereby reducing risks during actual operation in
the future.

3.3 Educational Stage

The statistical data of articles categorized according to educational stage are shown in
Table 2. In termsof educational attainment, the research subjects hadgenerally completed
college, and some had attained more education. “Pre-employment” refers to those who
had received training after graduation but prior to entering the workplace, while “on-the-
job” refers to employees or professionals who had undergone educational training while
working. The educational stages of the subjects in specific articles were varied, and they
ranged from students to members of general society. Therefore, the category of “mixed
age” was introduced. For several articles, the age of the subjects was not provided or the
topic did not concern teaching experiments. Since these data could not be categorized,
they were labelled as “Unknown.”

Table 2. Educational stage of the experimental subjects

Educational
stage

High
school
and
below

College Pre-employment On-the-job Mixed
age

Unknown

Quantity 14 11 7 10 17 5

3.4 Location

This item refers to the region of, or location within, the country of origin of the experi-
mental subjects. The data were categorized according to both geographical location and
the demographic characteristics of the various regions. The results of are shown in Table
3. Most of the articles were focused on North America and Europe, with the number of
studies on the integration of MR technologies into education conducted there far out-
numbering the number in other regions. At the other end of the spectrum, there were
no articles from Africa. This disparity may stem from the fact that well-known firms
in North America and Europe have traditionally held the patents for VR, AR, and MR
equipment and remain engaged in continuous research, innovation, and investment in
related technologies. Another related factor was the presence of inter-country variations
in education systems and levels of economic development.
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Table 3. Locational distribution

Location North America South America Europe Asia Oceania Africa Not stated

Quantity 25 2 19 11 5 0 2

3.5 Learning Orientation of the Courses

The datawere coded to identify the learning orientation of educational contexts involving
MR. The cognitive, affective, and skills orientations are explained as follows. “Cognitive
orientation” includes the learning, understanding, application, analysis, integration, and
evaluation of knowledge [6]. “Affective orientation” refers to the positive and negative
psychological responses to external stimuli and includes learning attitudes and motiva-
tions. For example, one’s likes or dislikes tend to influence one’s behaviors. “Skills ori-
entation” refers to the clearly visible performance of behavioral actions that are focused
on the learning of skills. In addition, some of the articles involved dual orientations, so
the total number for this item did not match the total number of articles analyzed in this
study.

The statistical data of the articles categorized according to learning orientation in
teaching are shown in Table 4. Cognitive and skills learning orientations accounted for
the majority. MR technologies have the advantage of concretizing abstract theoretical
concepts, which supplements students’ learning during the teaching process. Such tech-
nologies can also enhance learners’ practical abilities by simulating the environment in
which they will practice a skill.

Table 4. Learning orientation of the courses

Orientation Cognitive Affective Skills

Quantity 30 11 29

3.6 Experimental Design of the Courses

The data showing whether the articles involved an experimental design are shown in
Table 5. “Experimental design” refers to a study showing the sample numbers, means,
and standard deviations of the experimental and control groups. In the future, articles
with an experimental design could be included in the follow-up analysis to obtain more
effective results when calculating the overall effects of MR on education.
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Table 5. Breakdown by experimental design

Experimental design Article Quantity

Yes Tang et al. (2020); Gonzalez et al. (2021); Duan et al. (2020);
Allcoat et al. (2021); Lindgren et al. (2016); Beyoglu et al.
(2020); Weng et al. (2019); Langbeheim et al. (2018);
Mavilidi et al. (2017); Johnson et al. (2014); Dai et al. (2021);
Wu et al. (2020); Wu et al. (2019); Kim et al. (2020); Schoeb
et al. (2020); Schneider et al. (2020); Ruthberg et al. (2020);
House et al. (2020); Antoniou et al. (2020); Birt et al. (2017);
Wang et al. (2020); Wainman et al. (2020); Walker et al.
(2016); Tumkor (2018)

24

No 40

4 Discussion

The main purpose of this study was to analyze the advantages and disadvantages of
applying MR technologies to education to examine the status of such applications. Most
of the results related to the use of MR technologies in education were positive, and
such technologies helped to improve learning effectiveness. The conclusions drawn by
researchers in the fields of medicine, teaching and training, and the natural sciences
showed that the integration of virtuality and reality through information technologies
created effective simulated learning environments. Learners could undergo training and
practice in simulated environments and could easily try various new methods without
incurring any risks during experiments. They could perform simulation activities an
unlimited number of times in an MR environment without any risk of being harmed. In
addition to greatly reducing the safety risk of experiments, such an environment also
elevated their sense of immersion in the course, helping them improve their practical
experiences and abilities [7–12].

For courses based on theories or abstract concepts, such as research in the fields of
social sciences or management, integrating MR into the teaching of theories represented
a break with the past, when learners had to rely on diagrams and supplementary infor-
mation or videos on the Internet to understand abstract concepts by themselves. Besides
creating a visual environment, MR technologies can also produce a high level of inter-
activity with objects in students’ environment, allowing them to use visually simulated
effects that are realistic to understand abstract concepts. Doing so not only increases
students’ interest in learning but also improves their learning cognition [13–15].

Currently, applications of MR technologies face several limitations. One issue is
the user’s comfort while wearing the simulation device: when worn for long durations,
the pressures exerted on the body tend to affect the subsequent learning process and
its effectiveness [16, 17]. Another issue is the stability of network connections during
the learning process. MR devices must be connected through the Internet, so poor con-
nectivity affects students’ learning experiences [18]. Other issues include the cost of
MR equipment and the complexity of course preparation. If such technologies cannot
generate significant differences from traditional teaching, there will be negative impacts
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on the overall effectiveness of learning [4]. These issues are key factors determining
whether MR can be widely applied to teaching.

5 Conclusion

A review of the trend of integrating MR technologies into education from 2010 to
2021 was conducted in this study, and the data were analyzed and described using six
types of codes that were self-designed. The research results showed that the application
of MR technologies to the educational field exhibited an increasing trend every year,
with the main research regions being North America and Europe. Within the education
discipline, the health and wellbeing and science fields accounted for most of the data.
The trend of applyingMR to education predominantly took the form of using simulation
experiences during teaching and practical training and assisting students in visualizing
abstract concepts. The purpose was to improve the knowledge gained in the classroom
and enhance learners’ practical experiences and abilities. Althoughmost of the results of
our analysis were positive, there were some shortcomings revealed, which were related
to considerations regarding equipment costs, the comfort level of wearable devices, and
the stability of Internet connections. These are key factors that will determine whether
MR technologies can truly be integrated into teaching in the future and be adopted in
regions outside North America and Europe. The findings of this study can be used for
follow-up analysis and research: the sample numbers, means, and standard deviations
in the experimental data can be collated to calculate the strength of effects and conduct
related research to verify the moderating variables using the Q test. Doing so would
clarify the key moderating variables affecting the effectiveness of integrating MR into
teaching environments.
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Abstract. Scientific thinking could be explained as the important skill which
emphasizes logically thinking through validation with reliable references. The
process of scientific thinking occurred during the observation from the real situa-
tion (Scientific investigation) and allows them to adapt with the change in the way
of life in society surrounded by science. The purpose of this research is to compare
the scientific thinking of students before and after the class by using constructivist
virtual learning environment following component; (1) Problem base (2) Resource
(3) Science Laboratory (4) Collaboration tools (5) Scaffolding (6) Coaching. The
research participantswere 30 grade 11 students year 2020 ofKanlayanawat school,
Thailand. The instrument used in the experiment was the Constructivist Virtual
Learning Environment in the topic of solar energy. Data collection used the Sci-
entific Thinking test for grade 11 students. The results showed that: students had
the improved scientific test score after learning by constructivist virtual learning
environment than before which has a statistical level of 0.01.

Keywords: Constructivist learning environment · Virtual learning · Scientific
thinking · Digital learning ·Mobile learning

1 Introduction

Scientific thinking is a thinking that emphasizes logically thinking through validation
with reliable references. Scientific thinking can help individuals to verify the accuracy
and reliability of information they received and assists them to adapt with the change
in the way of life in society surrounded by science (Perjan and Sanduleac 2018). In the
present, the science learning focuses on developing students to learn about real-world
issues, emphasis on thinking skills, problem solving, self-seeking and use of technology
(McFarlane 2013).

Learning environment is the model of learning management that focuses on learners
to explore. It also stimulates learners to think and create understanding about things they
have learnt by themselveswhich learners build from interactions based on experience and
knowledge fromvarious sources (Thitima andSumalee 2012). The learningmanagement
is consistent with constructivist theory which has the idea that learners must practice
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with enthusiasm and create their own knowledge. Each person will create knowledge
through interaction with the environment. This is rooted in the theory of philosophers
which have Piaget J andVygotsky L.S. The constructivist virtual learning environment is
amodel of learningmanagement that adopted the theory of group constructivist learning,
which consists of Cognitive Constructivist and Social Constructivist as a basis for design
by connecting with virtual reality technology (Virtual reality), which simulates the real
environment into a virtual reality through the perception of sight, sound and touch (Baxter
and Hainey 2019).

From the reason and importance that mentioned above, the learning management for
Physic subject will help learners learn about the change of intelligence, a way of thinking
development especially scientific thinking (Lu and Lin 2017). It also assists students to
have an important skill to explore the knowledge, solve the problems systemically, able
to make decisions based on diverse information and verifiable testimony (Kuhn 2010)
Moreover, students can also keep up with advances in science and technology and are
the ones who create new knowledge all the time (Jensen 2017). Therefore, the researcher
is interested in studying and developing constructivist virtual learning environment that
promotes scientific thinking.

2 Literature Review

2.1 Scientific Thinking

Scientific thinking is cognitive processes in which learners create substitutes for knowl-
edge that lead to the understanding of electrical energy. It was assessed from a scientific
thinking test based on the concept of Khun (2010) which has four steps: Step 1; Inquiry,
which is to identify problems related to electric power. Step 2; Analysis, the ability to
explain the solution and make the data which related with problems such as the con-
cept of using solar energy to produce electric power. Step 3; Inference, the ability to
rationalize and reject irrational evidence such as the principle of using solar energy to
generate electricity. Step 4: Argument, refers to the ability to discuss the consequences
after applying a solution towhat the outcome is. By applying the results obtained to inter-
pret and conclude in accordance with the hypothesis, for example, scientific reasoning
in accordance with the principles of electric power generation.

2.2 Constructivist Virtual Learning Environment

Form of a learning environment which is created based on constructivist theory, cogni-
tive theory and principles of scientific thinking form the basis for design (Thitima and
Sumalee 2012). It is a print media which is compatible with media attribution and media
symbol system combined with Virtual Reality technology that uses media attribution for
the design.
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3 Method and Result

3.1 Research Participants

The target group in this research were obtained from a purposive sampling as 30 Grade
11 students in the second semester of the academic year 2020 at Kanlayanawat School,
Muang District, Khon Kaen.

3.2 Assessment Tool – Scientific Thinking Test

Scientific Thinking test of learners who learn with a constructivist virtual learning envi-
ronment that promotes scientific thinking include of four steps which are Step 1: Inquiry,
Step 2: Analysis, Step 3: Inference, and Step 4: Argument. The Scientific Thinking test
sheets were developed by teachers. There is a way to find quality by experts checking.
For the evaluation, there are 4 steps which are 1) Study theoretical frameworks and
research related to scientific thinking from Kuhn (2010) 2) Construct a scientific think-
ing test which is a subjective test. It also related to the content and learning objectives
3) Create scores for the evaluation of each test item, consisting of 3 ranges from 0–2
points. 4) Present a scientific thinking test. to advisors and experts to verify the accu-
racy and correctness of the content, consistency of questions and the appropriateness of
language use and interpretation. After that, improvements were made according to the
recommendations.

3.3 Experimental Process

Implementing a constructivist virtual learning environment that promotes scientific
thinking used in the learning management process. The learning management process is
as follows: The teacher encourages students to be ready to learn and pay attention to the
class by link the old knowledge and new knowledge. Then, ask about experiences that
occur in the students’ daily life including explaining about how to learn with a construc-
tivist virtual learning environment which promotes scientific thinking on solar energy
and takes a scientific thinking test before the class. Then, let students learn by using
constructivist virtual learning environment that promotes scientific thinking on electric
power. The learners will study problem situations and find solutions or answers from
scientific thinking in the experiment. During learning, learners will work together to find
and discuss together to conclude a solution of the problem. The researcher will be as a
coach to keep motivating students about problem solving and guide students who need
educational assistance. After studying in a constructivist virtual learning environment
that promotes scientific thinking completely. Students take a scientific thinking test after
class. Data collection process can be summarized as shown in Fig. 1.
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Fig. 1. Experimental process.

3.4 Learning Assistive

The constructivist virtual learning environment consists of the following components:
(1) Problem base, which focuses on students to have an intellectual structure stimulation
with problem cases for learners to try solving problems and guidelines for the solution
of each problem in Virtual Reality (VR) using mobile phones. (2) Resources, which are
sources of content information that students need to use in problem situations, and it
is also the resource that include things which students need to acquire knowledge and
find some answers that could be in the form of a learning resource which student study
through video in the form of Virtual Reality (VR). (3) Science Laboratory, which aims
to encourage learners to use science methods and scientific process skills in experiments
to solve missions and problem situations (4) Learning Exchange Center (Collaboration)
is to encourage students to exchange and learn with others to expand your perspective.
Collaborating in the search for knowledge and solving problems will support learners,
tutors, and experts to share their learning experiences with each other. (5) Scaffolding,
is to support learners in problem solving. The assistance will consist of a conceptual
help base, thinking help base, process assistance base and strategic assistance base. (6)
Coaching. as guidance assistance. For learners, it is a practice for learners by educating
learners in terms of providing problems (Fig. 2).
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Fig. 2. Example of constructivist virtual learning environment.

4 Results and Discussion

4.1 Scientific Thinking

After using a constructivist virtual learning environment to manage learning. It was
found that the pre-test scores of Scientific Thinking for thinking aspects to identify
problems with the highest average score of 6.27 and scores on the Scientific Thinking
test after learning to thinking aspects to identify problems has the average score as 1.96
and Table 1 found that scientific thinking in the area of thinking to identify problems,
thinking to create hypotheses, thinking to test hypotheses, and thinking to interpret data
and conclude before and after learning has statistically significant difference at 0.01 and
the total of the scientific thinking test average score before learning was 19.67 and after
was 29.07. The students had higher scores on the Scientific Thinking test after learning
by constructivist virtual learning environment than before learning which is statistically
significant at 0.01 level as shown in Table 1 (Fig. 3).
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Table 1. The results of scientific thinking test.

List assessment Average score
before learning

Average score
after learning

t-test

Inquiry 6.27 7.93 6.11**

Analysis 5.57 7.50 5.04**

Inference 3.83 7.33 9.87**

Argument 4.00 6.30 6.77**

Total 19.67 29.07 14.16*

Fig. 3. Learning management using constructivist virtual learning environment.

4.2 Discussion and Future Work

From the research results, it was found that the constructivist virtual learning environ-
ment is able to develop students’ scientific thinking with 4 steps: Step 1: Inquiry, Step
2: Analysis, Step 3: Inference, and Step 4: Argument. It is related with research by
Ammar AL-Nawaiseh (2020), which investigated the effect of a Learning Management
System (LMS) model on scientific thinking in chemistry subject. The learning man-
agement model Learning Management System (LMS) is learning through applications
that contain content, course description, assignments and exercises which teachers can
create and develop in learning management. The results of this research has shown
that students who study with the Learning Management System (LMS) and regular
format exams were statistically different levels of scientific thinking, and Cholarutai
Thaweesang (2016) studied the results of using a learning management model based on
the concept of meta-level to promote scientific thinking in the first graders. The results
of the research revealed that the scientific thinking of learners who learned with a meta-
level based learningmanagementmodel to promote scientific thinkingwere significantly
higher than before learning at the .01 level.

Future work includes in-depth discussion and analysis the constructivist learning
environment that promotes other thinking skills such as problem solving and analytical
thinking.
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Abstract. This study aims to design a STEAM virtual reality (VR) learning envi-
ronment for engineering students, aswell as evaluate the practicability of the learn-
ing environment. This study adopted Fuzzy Delphi Method by inviting six experts
in the fields of VR application, STEAM education, and engineering education to
execute the expert questionnaire survey, in a bid to build up a capability indicator
of STEAM education and carry out the STEAM VR environment practicabil-
ity evaluation serving as a foundation of the further development of curriculum.
According to our studyfindings, themost important capability indicator inSTEAM
is “Hands-on Skills”, followed by “Problem Solving”, “Daily Life Application”,
“Sensory Learning” and “Interdisciplinarity”. In terms of the practicability eval-
uation of STEAM VR learning environment establishment, the highest scoring
element is “Interactivity”, followed by “Engagement”, with “Imagination” being
the lowest. This study serves as a reference for future educators and researchers
in establishing a STEAM VR learning environment.

Keywords: Virtual reality · Environment design · STEAM · Education reform ·
STEAM learning

1 Introduction

The public’s reliance on the convenience brought by technology exacerbates as our
information and communication systems develop and improve. Upon the impact of the
COVID-19 epidemic, breakthroughs and improvement in knowledge and skills require
urgent support by technology, which highlights the importance of education and devel-
opment in the engineering field. Nonetheless, in this century with ever-changing tech-
nology, more andmore innovative and creative talents are desired. It urges the cultivation
of STEAM students to become a critical education practice among governments [1].
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To this end, an increasing number of countries are proposing divergent education
strategies to train students in their interdisciplinary STEAM skills, including using intel-
ligent studying products [2] such as Skilled-based Learning, Robot-based Education,
Artificial Intelligence, Augmented Reality and Virtual Reality. It is hoped that students
can be equipped with interdisciplinary integrating minds when nurturing their problem-
solving skills in daily life and arousing their creativity and imagination through the
assistance of technical tools to prepare for transformations in the social environment.

Despite STEAMeducation integrates subjects in different areas, it can be challenging
for sole educators to implement the approach and develop STEAM ability in students
[3]. It was pointed out by many that designing student-centered situated teaching can
effectively cultivate their abilities in STEAMsuch as Interdisciplinarity,Hands-onSkills,
Daily Life Application and Problem Solving [4]. Therefore, it is predicted that the
application of sensory stimulation and highly interactive and immersive VR technology
in education will be the major development trend in assisted instruction in the future
[5, 6].

In conclusion, this study will design the STEAMVR learning environment and carry
out its evaluation while adopting the emerging technology of VR and holding the prime
aim of educating engineering students. Two objectives included are as below:

(1) Constructing a STEAM capability indicator
(2) Evaluate the practicability of a STEAM VR learning environment

2 Literature Review

STEAM- and VR-related literature revolving around our objectives are reviewed.
Demonstrations are as below:

2.1 Definition of STEAM

STEAM is the integrated education combining scientific investigation, technology, engi-
neering design, artistic creations and mathematics analysis [7]. It aims to improve
problem-solving and critical thinking skills and creativity among students using math-
ematic and scientific based engineering and designing practices in order to remedy
problems in the real world. It also encourages the reconstruction of current art education
into inquiry-oriented teaching, as well as creative problem solving [1]. It is to equip the
students with the five abilities in STEAM specified in Table 1.

To conclude, this study held the notion that to promote STEAMlearning of students, a
VR environment can be established to guide the students through entertaining simulation
independently. During the exploring process, students can improve their five primary
abilities of Interdisciplinarity, Hands-on Skills, Daily Life Application, Problem Solving
and Sensory Learning.
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Table 1. Definition of STEAM Capability Indicator.

No Capability Indicator Definition

1 Interdisciplinarity Nurture practical ability in interdisciplinary learning through
task-based learning

2 Hands-on Skills Nurture hands-on skills and active inquiring ability

3 Daily Life Application Able to integrate information and resources and apply knowledge
in daily life

4 Problem Solving Willing to resolve issues with positivism and problem-solving
skills

5 Sensory Learning Able to make use of the five senses, namely touch, sight, hearing,
smell and taste, to learn

2.2 Definition of VR

VR is the technology to stimulate the reality world, with visualized expression being the
most compatible with the instinctive visual exploration. It could promote experience and
connection between learners and their practical reality environment [8]. VR possesses
three features, according to Table 2, to provide users with a first-person perspective
in a virtual situation, therefore allowing users to enjoy its merriment as experienced
personally [5, 6, 9].

To sum up, this study brought the Immersion, Interaction, Imagination features of
VR technology into play to establish a study-friendly STEAM environment for students
in order to boost learning effectiveness in STEAM.

Table 2. Definition of VR.

No Features Definition

1 Immersion Allow users to immerse in virtual scenes as if experiencing personally

2 Interaction A prerequisite for virtual environment

3 Imagination Simulation of the reality, filled with extra imagining possibilities

3 Research Design

Citing the result of literature review, the framework of “STEAM capability indicator”
and “STEAM VR learning environment” practicability evaluation respectively are as
below:

3.1 Research Structure and Subjects

This study framework (as shown in Fig. 1) adopted the Fuzzy Delphi Method by inviting
six experts (more than six years of experience) in the fields of VR application, STEAM
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education and engineering to collaborate jointly and provide consultations in order to
execute the Delphi expert questionnaire survey. Thus the STEAM capability indicator
construction and the STEAM VR learning environment establishment practicability
analysis are completed and serve as a foundation of future development of the curriculum.

Fig. 1. Research structure.

3.2 Research Method

Fuzzy Delphi Method (FDM) is the combination of Delphi Method and Fuzzy Logic
to use Triangular Fuzzy Number for ameliorating the shortcoming of traditional Delphi
Method. It eliminates the limitations of humanity fuzzification and is an effective way
to establish an indicator [10]. Hence, this study adopted the Fuzzy Delphi Method in
the construction of STEAM capability indicator and STEAM VR learning environment
practicability analysis.

4 Results and Discussion

The result analysis of executing the Fuzzy Delphi expert questionnaire survey based on
the objective in establishing a STEAM VR learning environment is below:

4.1 Analysis of the Importance of STEAM Capability Indicator

For the “Establishment of STEAM capability indicator”, after obtaining subjective value
judgments and assessing scores from six experts of the Fuzzy Delphi expert question-
naire survey, the analysis results are as in Table 3. The scores in the importance of
STEAM capability indicator ranged between 0.718 and 0.757. The highest scoring item
is “Hands-on skills” with a score of 0.757, followed by “Problem-Solving” scoring
0.757, “Daily Life Application” scoring 0.753, “Sensory Learning” scoring 0.744, and
ends by “Interdisciplinarity” scoring 0.718.

4.2 STEAM VR Learning Environment Practicability Analysis

This study delved into the practicability of establishing a STEAM VR learning
environment. The analyzed result by Fuzzy Delphi Method experts is shown in
Table 4.
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Table 3. Scores in the importance of STEAM capability indicator.

Number Item L-value R-value Total Rank

1 Interdisciplinarity 0.379 0.816 0.718 5

2 Hands-on skills 0.339 0.853 0.757 1

3 Daily life application 0.343 0.849 0.753 3

4 Problem solving 0.339 0.853 0.757 2

5 Sensory learning 0.352 0.840 0.744 4

In respect to the practicability of Interdisciplinarity VR learning, the scores ranged
from0.718 to 0.730. The itemwith the highest practicability is Interactivity,which scored
0.730.In respect to the practicability of Hands-on Skills VR learning, the scores ranged
from0.733 to 0.773. The itemwith the highest practicability is Interactivity,which scored
0.773.In respect to the practicability of Daily Life Application VR learning, the scores
ranged from0.724 to 0.759.The itemwith the highest practicability is Interactivity,which
scored 0.759.In respect to the practicability of Problem Solving VR learning, the scores
ranged from0.718 to 0.766.The itemwith the highest practicability is Interactivity,which
scored 0.766.In respect to the practicability of Sensory Learning VR learning, the scores
ranged from 0.703 to 0.750. The item with the highest practicability is Interactivity,
which scored 0.750.

Table 4. Scores in STEAM VR learning environment practicability analysis

NO Item VR Feature L-value R-value Total Rank

1 Interdisciplinarity Immersion 0.379 0.816 0.718 3

Interaction 0.367 0.827 0.730 1

Imagination 0.377 0.818 0.720 2

2 Hands-on skills Immersion 0.339 0.853 0.757 2

Interaction 0.322 0.868 0.773 1

Imagination 0.363 0.830 0.733 3

3 Daily life application Immersion 0.343 0.849 0.753 2

Interaction 0.336 0.855 0.759 1

Imagination 0.373 0.821 0.724 3

4 Problem solving Immersion 0.339 0.853 0.757 2

Interaction 0.329 0.862 0.766 1

Imagination 0.379 0.816 0.718 3

5 Sensory learning Immersion 0.352 0.840 0.744 2

Interaction 0.346 0.846 0.750 1

Imagination 0.395 0.801 0.703 3
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4.3 STEAM Competency Assessment Criteria and VR-Assisted Learning
Planning

According to the above-mentioned expert consultation and fuzzy Delphi analysis
results, the “Learning Effectiveness of STEAM Skills Questionnaire” is developed, and
“STEAMVRAssisted Learning Activities” are planned, which are described as follows:

1. Learning Effectiveness of STEAM Ability Questionnaire
In order to understand students’ learning status of STEAM skills, the “Learn-

ing Effectiveness of STEAM Skills Questionnaire” is developed, which includes
5 dimensions: cross-domain, hands-on, life application, problem solving, and five
sense learning. This research invites two experts and scholars to test the expert
validity of the questionnaire, evaluate the validity of the initial draft of the ques-
tionnaire, and revise it according to the suggestions. In terms of reliability analysis,
after the inconsistent items are deleted, as shown in Table 5, which has 21 questions
in total. The overall Cronbach’s alpha value of “Learning Effectiveness of STEAM
Skills Questionnaire” is .861; among them, there are 3 questions (.860) in the “cross-
domain” dimension, 4 questions in the “hands-on” dimension (.882), and 4 questions
in the “life application” dimension (.821), 5 questions (.875) in the “problem solv-
ing” dimension and 5 questions (.840) in the “Five Senses Learning” dimension,
which indicates that this questionnaire has good reliability and high consistency.

Table 5. Reliability analysis of STEAM ability learning effectiveness questionnaire.

Dimension Item

Interdisciplinarity 1 I learn interdisciplinary knowledge and application in the curriculum

2 I will integrate more than two kinds of interdisciplinary knowledge and
thinking operations

3 I think it is important to learn the interdisciplinary integration capability

Hands-on skills
daily

4 I can practice and explore the principles of curriculum knowledge

5 I construct knowledge from hands-on practice

6 I like hands-on practice

7 I am good at using hands-on practice to learn knowledge

Life application 8 This curriculum can cultivate my curiosity about daily life problems

9 I can disassemble and analyze daily life problems

10 I can apply the curriculum knowledge to my daily life

11 I can judge the effect of problem-solving methods under certain
conditions

Problem solving 12 I can identify problems and make systematic statements

13 I can collect data and take appropriate information to collate the
problem

(continued)
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Table 5. (continued)

Dimension Item

14 I can put forward assumptions and multiple feasible solutions
according to problems

15 I can carry out the division of labor, process planning, and planned
operation

16 I can test and correct according to the proposed assumptions

Sensory learning 17 This curriculum can provide me with diversified learning stimulations

18 This curriculum can cultivate my comprehensive learning through my
5 senses

19 This curriculum can stimulate my potential and learning capabilities

20 This curriculum can cultivate my imagination

21 This curriculum can cultivate my creativity

2. STEAM VR assisted learning activity planning
Taking the auxiliary teaching material “STEAM VR Smart Greenhouse” as an

example, this research carries out STEAMcurriculum design andVR-assisted teach-
ing in accordance with the course objectives, course content, and expert advice of
the “Smart Greenhouse” unit, and plans three-stage auxiliary learning activities,
“Teacher Show”, “Student Exercises” and “Student test”. As shown in Table 6, it can
help students develop practical ability in smart greenhouse practice. The instructions
are as follows:

• Teacher presentation stage: The teacher will show the teaching of “STEAM VR
SmartGreenhouse” to let students understand the relevant functional design of the
smart greenhouse and to develop their interest and curiosity in the field learning
of the smart greenhouse in the future, and cultivate the students’ ability to apply
what they have learned to the real field.

• Student practice stage: “STEAMVR Smart Greenhouse” assists students in their
course of learning and provides students with hands-on practices and repeated
exercises. Students can explore the knowledge of smart greenhouses, construct
knowledge and understand the principles. “STEAMVR Smart Greenhouse” also
strengthens students’ hands-on practical ability.

• Student test phase: This research plans the “STEAM VR Smart Greenhouse”
student test to assist them in the ability verification, including smart greenhouse
category selection, artificial lighting system, ventilation system (the right pho-
tographs in Table 6), inner shading system (the left photographs in Table 6), and
sprinkler system, as a reference basis to examine whether students are qualified
for the practical examination of the smart greenhouse.
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Table 6. STEAM VR assisted learning activity planning.

Name Description

Teacher
presentation stage

The teacher introduces their functions and displays according to the types
of smart greenhouses

Student
practice stage

Students explore the functions of the smart greenhouse and construct
related knowledge on their own

Student test phase Students participate in the simulation test for smart greenhouses to verify
their familiarity with the operation steps

5 Conclusion and Suggestions

This study adopted VR technology in assisting STEAM ability cultivation and learning
environment scheduling. After investigations and analysis of the Fuzzy Delphi expert
questionnaires, in regard of building emphasis in the five STEAM abilities with the aid
of VR technology, the highest scoring item is “Hands-on Skills”, followed by “Prob-
lem Solving”, “Daily Life Application”, “Sensory Learning” and “Interdisciplinarity”.
Among the items, for the practicability of the featured VR-aided “Hands-on Skills”
education, the highest scoring element is “Interactivity”, followed by “Engagement”
and “Imagination”. By this means, this study serves as a reference for future edu-
cators and researchers in scheduling students’ STEAM ability cultivation, as well as
interdisciplinary studying and developments.
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Abstract. The Ministry of Education has also actively promoted STEM maker
education in recent years. As a result, the maker teaching resources in secondary
schools have flourished. STEM is composed of Science, Technology, Engineering
and Mathematics. This research mainly introduces STEAM & Maker Education
into the class and plans a “STEAM-6E Model” set to incorporate AR/VR Maker
Education courses. Learn about theory, application, and implementation through
courses. Integrate resources near the school and apply the knowledge learned
to solve problems for the community practically. The subjects of the study are
60 high school third-year students in two classes. One class is the experimental
group using STEAM-6E teaching and the control group uses traditional briefing
teaching, conducting experiments. TheMSLQ (Motivated Strategies for Learning
Questionnaire) and the ASQ (Activity Satisfaction Questionnaire) are applied to
acquire quantitative data for examination. The results showed that the experimen-
tal group had differences in learning motivation and satisfaction with learning
activities.

Keywords: STEAM-6E · Augmented reality · Virtual reality ·Maker education

1 Introduction

STEMeducation originated in theUnited States in the twentieth century. TheMinistry of
Education has also actively promoted STEMmaker education in recent years. As a result,
the maker teaching resources in secondary schools have flourished. STEM is composed
of Science, Technology, Engineering and Mathematics. In recent years, the education
industry has added Art to become the current STEAM. Barry [1] adds a dimension based
on the 5E teaching model, puts students as the center, and proposes the 6E teaching
model further to strengthen the design and inquiry capabilities in STEM education. This
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research uses STEAM as the main shaft and joins the 6E instruction model. Plan a set of
STEAM-6EModel. Gradually deepen students’ integration of interdisciplinary content.
Develop the concept of applying what they have learned.

With the advancement of science and technology, the maker’s threshold has been
lowered, making maker education combine the practice and cultivation of skills, human-
ities, arts, knowledge. However, STEAM education and maker education are increas-
ingly popular educational innovation models worldwide in recent years. And gradually
an educational boom on and off-campus.

The application fields of VR and AR include medical care, nursing, education,
tourism, culture, military, architecture, design, engineering, scenic spot guide, game
industry, entertainment [2, 3].

Based on the above content, build a learning model and plan a “STEAM-6EModel”
to carry out AR and VR innovative teaching. Make STEAM education content more
diversified. Through the Maker Education 3D printing teaching, from understand the
application of the principles and implementation. In addition, to plan a set of STEAM-
6E Model, it also evaluates students’ learning motivation and satisfaction with learning
activities.

Based on the background and motives of this study as well as the abovementioned
discussion, the objectives of this study were as follows:

1. To discuss the effect of integrating STEAM-6E into AR/VR Maker education on
learning motivation.

2. To discuss the effect of integrating STEAM-6E into AR/VR Maker education on
learning activity satisfaction.

2 Literature Review

The researchers of this study effect of integrating STEAM-6E into AR/VR Maker edu-
cation to facilitate learning. The literature review thus aims to introduce the following
concepts STEAM-6E, STEAM & Maker, Virtual Reality and Augmented Reality.

2.1 Steam-6E

STEAM is composed of Science, Technology, Engineering, Art, and Mathematics.
STEAM is widely advocated and implemented in education. Students are influential
in STEAM interdisciplinary learning [4]. It’s also regarded as one of the important fac-
tors to improve education and promote national progress. STEAMcan attract and inspire
different audiences. It helps students understand and learn more concepts [5]. Kaniawati
and Suryadi [6] research found that integrating STEM education in the 6E pedagogy
contributes to problem-solving skills. Chung et al. [7] pointed out that STEAM-6E spe-
cial courses can enhance students’ ability to integrate STEAM knowledge and improve
their learning efficiency in each subject. Each cycle of the 6E teaching model represents
a complete teaching unit. In the process, students must constantly think, so the teaching
procedure is suitable for STEAM teaching. This research adopts the 6E teaching model
to conduct STEAM courses, guiding students to gradually complete the creative design
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and production of AR/VR and maker education and obtain more specific knowledge
about AR/VR and maker education.

2.2 STEAM and Maker

STEAM adds Art to STEM [8]. In the spirit of maker education, students will practice
the creativity generated by combining these fields in actual practice. The energy and
results stimulated by such a cross-field approach are surprising. Therefore, in recent
years, a wave of global education has been set off. This research is also integrating the
spirit and philosophy of STEAM education and maker education. It is hoped that more
cross-disciplinary talents can be cultivated to meet the latest social and international
trends.

2.3 Virtual Reality (VR)

The environment is simulated by a computer, which can be viewed and interacted with
through a VR device, and the displayed images are all virtual. Guttentag [9] study
mentioned that VR provides many useful applications for the tourism industry, which
tourism researchers and professionals deserve more attention. Guerra et al. [10] pointed
out that virtual reality is often used in tourism and heritage. Virtual reality may be a
good way to travel and understand world tourism.

2.4 Augmented Reality (AR)

Incorporating virtual objects into the real scene.Many studies have explored the impact of
AR integration on the tour guide experience [11–14].AR can supplement the information
that is not enough in the real environment in navigation and teaching. Kim et al. [15]
studied augmented reality tourism systems to display 3D virtual characters. Tourists
provide a more authentic guided tour experience.

3 Research Methods

3.1 Research Process

As shown in Fig. 1, the two groups of students were randomly allocated into the con-
trol and experimental groups in the research process flowchart. Before the teaching, a
10 min pre-test was used MSLQ Scale was implemented. The teaching course time was
900 min, A total of 18 classes. The experimental group uses STEAM-6E to integrate
AR/VR maker education, and the control group uses traditional teacher-guided AR/VR
maker education. 20 min post-test was implemented after the completion of the teaching
activities. The questionnaire included: MSLQ and ASQ, measuring learning motivation
and student satisfaction to evaluate the feasibility of this teaching activity.
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Fig. 1. The research process flowchart

3.2 Subjects

The participants of the study were undergraduates at a high school located in south-ern
Taiwan. The sample size was 60, and the ages ranged from 17 to 18. The students were
divided into the control group and the experimental group, with 30 students in the control
group, and 30 students in the experimental group.

3.3 Research Tool

This research uses pre-/post-tests as instruments, as described below:

Motivated Strategies for Learning Questionnaire (MSLQ). To explore the students
during the experience of the AR/VR maker education their learning motivation regard-
ing the teaching from this study, we adopted the instructional materials motivation sur-
vey, which was designed by Pintrich et al. [16]. The Questionnaire includes Intrinsic
Goal Orientation, Extrinsic Goal Orientation, Task Value, Control of Learning Beliefs,
Self-efficacy for Learning and Performance and Test Anxiety. This is a Likert-scale
questionnaire.

Activity Satisfaction Questionnaire (ASQ). In order to explore the learners’ activity
satisfaction during the experience of the AR/VR maker education, we adopted the flow
questionnaire designed by Lewis [17]. The questionnaire has three questions which are
treated as constituent items for summative or Likert scales. The items are 7-point graphic
scales.



Using STEAM-6E Model in AR/VR Maker Education Teaching Activities 115

4 Results

4.1 Evaluation of Learning Motivation

As shown in Table 1, The interaction terms for the independent variables and the covari-
ances were F = 0.008, p= 0.931> 0.05, and a significance of 0.873> 0.05, which did
not render a significant level, indicating that the linear relationship between the inde-
pendent variables and the dependent variables from each group was consistent. Thus, an
analysis of covariance could be implemented.

Table 1. Differences in learning motivation of the two groups

Source of variation SS df MS F p

Group .037 1 .037 .162 .689

Pre-test .374 1 .374 1.656 .203

Group*Pre-test .002 1 .002 .008 .931

Error
(between groups)

12.650 56 .226

As shown inTable 2, the results of the covariate analysiswereF= 12.855, p= .001<
.05, and a significanceof 0.001<0.05,which implied that the differences betweengroups
reached a significant level, thereby indicating that there were significant differences in
the learning motivation between the two groups undergoing different learning methods.

Table 2. Analysis of covariance: learning Motivation of two groups.

Source of variation SS df MS F p

Group .381 1 .381 1.718 .195

Pre-test 2.853 1 2.853 12.855 .001

Error
(between groups)

12.652 57 .222

4.2 Evaluation of Learning Activity Satisfaction

From the average results of the learning activity satisfaction of the control and exper-
imental groups, it is found that the learning activity satisfaction in the AR/VR maker
education of the two groups is satisfied. Additionally, the obvious performance in the
experimental group shows that learners get an average of more than 5 in each criterion,
and the overall score is 5.46 (Table 3).
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Table 3. Average and standard deviation of each dimension of learning activity satisfaction (n=
60).

Group Dimension Mean SD

Experimental group Effectiveness 5.23 .898

Efficiency 5.37 .928

Overall satisfaction 5.77 1.006

Learning activity satisfaction 5.46 .899

Control group Effectiveness 4.23 1.223

Efficiency 4.47 1.196

Overall satisfaction 4.60 1.133

Learning activity satisfaction 4.43 1.132

Table 4 shows the results of the learning activity satisfaction analysis of the two
groups in theAR/VRmaker education using a paired sample t-test; there were significant
differences in the post-test learning activity satisfaction between the experimental group
and the control group, t (50) = − 3.874, p = 0.000. There were significant differences
between the post-test acceptance score (M = 4.43, SD = 0.1.132) of the control group
and the post-test acceptance score (M = 5.46, SD = 0.899) of the experimental group,
with a significance of 0.000 < 0.05 between the two, which implied that there were
significant differences between the two groups.

Table 4. Independent sample t-test for the ASQ.

Mean (SD) df t p

Control group
(N = 30)

Experimental group
(N = 30)

ASQ 4.43(1.132) 5.46(0.899) 58 58 3.874

5 Conclusion

This research mainly introduces STEAM &Maker Education into the class and plans a
“STEAM-6E Model” set to incorporate AR/VR Maker Education courses. Learn about
theory, application, and implementation through courses. Integrate resources near the
school and apply the knowledge learned to solve problems for the community practically.
The subjects of the study are 60 high school third-year students in two classes. One
class is the experimental group using STEAM-6E teaching and the control group uses
traditional briefing teaching, conducting experiments. The results of the study found that
whether AR/VRmaker education is combined with STEAM-6E, there are the following
differences:
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There is a significant difference in the learning motivation of combining STEAM-
6E into AR/VR maker education. Incorporating STEAM-6E into AR/VR education can
help learners increase their learning motivation more effectively. The results confirm
those of previous studies, in which AR has been shown to enhance learning motivation
[18]. Therefore, it can be speculated that using STEAM-6E as a learning instruction
model can attract learners.

There is a significant difference in the learning activity satisfaction of combining
STEAM-6E intoAR/VRmaker education. The results of this study show that introducing
the STEAM-6E teaching method in the experimental group has a higher degree of
satisfaction in learning than the traditional briefing teaching. Incorporating STEAM-6E
into AR/VR education can help learners increase their learning activity satisfactionmore
effectively. The results confirm those of previous studies, in which STEAM-6E has been
shown to enhance learning activity satisfaction [19, 20].

In the future, we should explore the effects of board games on learning effectiveness,
flow, creativity, or analyze learning behaviors during activity to understand participants’
learning processes better.
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Abstract. This paper describes a study of the development and use of e-learning
tools in the context of a basic logic course that was taught during the COVID-19
lockdown in 2021. The tools were used to compensate for learning and teaching
limitations brought about by the lockdown. We compare a course that was taught
in February and March 2020 (before the lockdown in Denmark) with a similar
course that was taught in 2021 during the lockdown. In terms of exam results,
the students from the 2021 course did significantly better than those in the 2020
course. This paper considers possible explanations for this difference. Among
other things, we analyse the data collected from the students via a questionnaire.

Keywords: A basic logic course · E-Learning tools · Syllogistics · Propositional
logic · Validity of arguments · Teaching during the COVID-19 lockdown

1 Introduction

Since the 1980s, various versions of a basic logic and argumentation course have been
offered to students studying communication and digital media at Aalborg University,
Denmark. This course emphasises the study of the logical validity of arguments from
basic propositional logic andAristotelian syllogistics.One important learning goal in this
context is that students should obtain the needed skills to analyse an arbitrary proposi-
tional or syllogistic argument that is formulated in natural language in terms of symbolic
logic to evaluate its logical validity. For this purpose, students should use truth tables
and semantic trees to analyse propositional arguments and Venn diagrams and basic
inference rules to analyse syllogistic arguments.

One of the authors of this paper (Peter Øhrstrøm) has taught versions of the course
throughout this entire period from the 1980s to 2021, whereas two of the other authors
(Thomas Ploug andDavid Jakobsen) have only been involved as teachers for a few years.
A joint textbook [3] was used for the course, along with two learning tools, Syllog and
Proplog, which were developed by Ulrik Sandborg-Petersen specifically for this course.
These tools were employed during logic exercises tomake the learning experience game-
like and enjoyable (see [4]). The interface of the present version of the Syllog tool is
shown in Fig. 1.
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Fig. 1. Interface of the Syllog tool. Note that in the case of a valid syllogism, the system will
give the classical medieval name of the argument (see [2] and [3]). The student may compare
these names with the Aristotelian theory presented during the course lectures. The interface of the
Proplog tool is similar. In both Syllog and Proplog, valid and invalid arguments occur with the
same frequency.

The Syllog user can click on ‘New syllogism’ to get a new syllogism presented on
the screen. The user must then decide whether the syllogism presented is valid or invalid
(i.e. whether the conclusion follows the premise in any possible/thinkable scenario).
Proplogworks in a similar manner with a similar interface. See [3] for more information
on the course.

In both 2020 and 2021, Syllog and Proplog were not only used along with the
teaching during the courses, but it was also used to establish the individual exams after the
courses. The students were asked to produce 15–20 random propositional and syllogistic
arguments using Syllog and Proplog and then follow with analysing and discussing the
arguments to document their validity or invalidity carefully. Ultimately, students of a
basic logic course should not only be able to identify a valid/invalid argument but should
also be able to understand and explain why a particular argument is valid/invalid.

The 2020 exam results revealed that several students needed a clearer understanding
of what it takes to demonstrate that a syllogistic argument is valid, and they appeared to
have an even weaker understanding of how to show that a syllogistic argument is invalid.

In 2020, the course’s teachers had to invest significant energy into presenting and
training students on the use ofVenndiagrams aswell as basic inference rules in syllogistic
reasoning because many students seem to find these topics rather difficult. This was
done in lectures and traditional exercises to be carried out and discussed in groups of
2–3 students under the teacher’s supervision. For the 2021 version of the course, the
COVID-19 lockdown made it unrealistic to apply a strategy involving exercises in small
groups under the supervision of a teacher. Instead, two learning tools, Proof and Venn,
were developed and used. The tools shouldmake it possible to obtain the sameknowledge
and skills alone while only using a personal computer. The Proof tool should support
the user in the construction of a proof documenting the validity of a syllogism, and the
Venn tool should support the documentation of the syllogisms’ invalidity.



The Use of E-Learning Tools in a Basic Logic Course 123

In Sects. 2 and 3, we discuss the design of the two tools and their theoretical back-
ground as well as the practical use of the tools in the course. In Sect. 4, the results of
the exams in 2020 and 2021 are considered and compared. Section 5 focuses on the
results from a questionnaire designed to study the students’ learning experiences during
the course. Finally, in the conclusion, we offer some perspectives on possible compen-
sation from the digital tools and teaching problems that can arise if teachers are limited
to online communication with their students. The conclusion also answers some open
questions and suggests interesting topics for further research.

2 The Proof Learning Tool

The Proof tool makes it possible for the user to construct indirect syllogistic proofs using
a formal language involving four types of syllogistic propositions:

a(X, Y): ‘All X are Y’
i(X, Y): ‘Some X are Y’
e(X, Y): ‘No X are Y’
o(X, Y): ‘Some X are not Y’

The negation of a(X, Y) is o(X, Y), whereas the negation of e(X, Y) is i(X, Y).
Additionally, wemay reduce the number of proposition types if we allow for the negation
of terms because the following may be argued:

e(X, Y) ≡ a(X, non-Y)
o(X, Y) ≡ i(X, non-Y)

Using the Proof tool, the user may be able to reason within the framework of a mod-
ern version of classical Aristotelian syllogistics (see [1, 2]). The three straightforward
inference rules mentioned in Fig. 2 (i.e. TRANS, MUT and EX) are available. TRANS
can be presented as:

(a(X, Y) & a(Y, Z)) → a(X, Z)

Clearly, if non-Z is substituted for Z we obtain:

(a(X, Y) & e(Y, Z)) → e(X, Z)

MUT can be presented as:

i(X, Y) → i(Y, X)

By contraposition and renaming we obtain:

e(X, Y) → e(Y, X).

EX can be presented as:
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a(X, Y) → i(X, Y)

Clearly, if non-Y is substituted for Y we obtain:

e(X, Y) → o(X, Y)

As shown in Fig. 2, the usermay prove the validity of a syllogismwith two syllogistic
premises and one syllogistic conclusion indirectly, demonstrating that the assumption
of the premises along with the negated conclusion will lead to a contradiction. The
present example shows that the combination of the propositions o(M, P), a(M, S) and
a(S, P) leads to a contradiction. This follows the inference rule TRANS. Thus, we have
demonstrated the validity of the syllogism from the premises o(M, P) and a(M, S) to
the conclusion o(S, P), which is the negation of a(S, P). It is well known that any valid
syllogism formulated in this classical way may be proved in this manner.

Notably, the user may play with the various possible applications of the inference
rules to obtain practical experiences with what it means to prove something in syllogistic
reasoning. The student may carry out this kind of playful and game-like activity alone,
using their computer as a kind of dialogue partner. This possibility became quite relevant
for learning during the COVID-19 lockdown. However, it seems that such tools may also
be useful when the learning situation is more ‘normal’ because at least some students
would like to study alone, even if traditional group work under supervision is offered.

Fig. 2. Interface of the Proof tool. Note that the user can apply three different inference rules,
TRANS, MUT and EX, to obtain a contradiction in order to produce an indirect proof. It is well
known that all classical syllogisms can be proved in this way.
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3 The Venn Learning Tool

TheVenn learning tool allows the user to construct a Venn diagram designed to show that
a certain syllogism is invalid. The diagram corresponds to a set of elements belonging to
some universe of discourse. Seven subsets of this basic set are parts of the basic set. The
user makes the diagram online using ‘+’ to indicate that a particular subset is non-empty
and ‘−’ to indicate that the subset is empty.

It should be mentioned that while John Venn (1834–1923) suggested another way of
marking the subsets in the diagram (see [6]), we find his original approach inadequate
as a basis for building a practical and interactive digital tool. For this reason, we chose
a more useful but still equivalent method for constructing the Venn tool:

Fig. 3. Interface of theVenn tool. Note that the user can change the indications regarding the seven
subsets in the diagram from ‘?’ to ‘+’ or ‘−’. Then, the user can evaluate the propositions involved
in the syllogism in question. If the premises are true and the conclusion is false, then we have
documented the invalidity of the syllogism. – It should be noted that this kind of diagrammatical
reasoning makes it possible to reason on the basis of incomplete knowledge – something which
was in fact very important to John Venn himself (see [6]).

In the beginning all the subsets in the diagram are marked with ‘?’, because it is
as a start unknown whether or not they contain elements. Then the user can add the
information that some of the subsets are empty (marked as ‘−’), whereas others are
non-empty (marked as ‘ +’). When at least some of the subsets (or some of them) have
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been marked with ‘ +’ or ‘−’, we may evaluate any syllogistic proposition (a, i, e or o)
based on M, P and S as ‘true’, ‘false’ or ‘unknown’ relative to the diagram. This makes
it possible to look for a diagram that documents that a certain syllogism is invalid (i.e.
it has true premises and a false conclusion relative to the diagram).

In the example shown in Fig. 3, the propositions i(M, P) and e(S, M) both turn
out to be true, whereas e(S,P) is clearly false given the signs indicated in the diagram.
This means that this Venn diagram documents the invalidity of the syllogism from the
premises i(M, P) and e(S, M) to the conclusion e(S, P). It is well known that if a classical
syllogism is invalid, then there is a Venn diagram according to which the premises are
true and the conclusion is false; the student just has to find it.

As with the learning tool Proof, this approach to Venn diagrams can easily lead to a
playful and game-like activity that the students can carry out alone, with their computers
as their only counterpart.

4 Exam Comparisons

The exams in 2020 and 2021were organised in almost the sameway,making it interesting
to compare the results. The course lectures in propositional logic and syllogistics were
offered to second-year students studying communication and digital media at Aalborg
University inAalborg andCopenhagen during February and the firstweek ofMarch 2020
(i.e., before the COVID-19 lockdown). In 2020, 121 students participated in the exam.
In 2021, all the lectures were given during the COVID-19 lockdown, and 132 students
participated in the exam.After the evaluation of the exam, each student received awritten
statement explaining how well they had done. These statements were rather formal and
brief; thus, they were easily categorised as ‘Good’, ‘Acceptable’ and ‘Weak’. The results
of the exams in 2020 and 2021 are shown in Table 1.

Table 1. A chi-square test of independence showed that there was a significant association
between year and result. The chi-square statistic (2, N = 253) is 6.292, p-value = 0.0430. The
result is significant at p < 0.05 in favour of the year 2021.

Good Acceptable Weak

2020 86 29 6

2021 108 23 1

p-value 0.0430

Importantly, all assignments were evaluated by the same person, making the
comparison of the results from the exams in 2020 and 2021 extremely reliable.

It is interesting that the learning results were significantly better in 2021 during the
lockdown than those obtained in 2020, when teaching occurred before the COVID-19
lockdown. Multiple factors may have contributed to this difference in performance. We
conducted a brief focus group interview with 8 students from the Copenhagen group.
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A consensus was reached on three interrelated explanatory factors, namely the uninter-
rupted time spent on doing logic exercises in direct continuation of classes. The students
stressed the importance for their learning process of being able to do exercises in direct
continuation of classes without being interrupted by fellow classmates. They estimated
that they ended up having spent more time doing logic exercises than they would other-
wise have done, due to the unimpeded time right after the logic classes and the readily
available exercises. The tools Venn and Proof played a key part in this change in the stu-
dents’ study behaviour, as they provided the students with platforms for conducting logic
exercises. The changes in study behaviour partly enabled by E-learning tools indicates
that the serious challenges to traditional university teaching caused by the COVID-19
lockdown can be overcome.

5 The Questionnaire

A group of 84 students (the Aalborg group) was asked to complete a questionnaire.
Unfortunately, only 40 responded. For this reason, we should use these results with
some caution. On the other hand, they may give some indication of the situation, and we
may still use the results as some sort of descriptive statistics. In particular, the students’
answers to two of the questions should be noted, because they relate directly to the two
tools we have introduced during the COVID-19 lockdown. Table 2 refers to the Proof
tool:

Table 2. The students were asked to consider the following statement: ‘Proof has given me a
better understanding of what it means to document the validity of a syllogistic argument with a
direct proof’.

Strongly agree 5%

Agree 22.5%

Somewhat agree 12.5%

Neither agree nor disagree 10%

Somewhat disagree 7.5%

Disagree 30%

Strongly disagree 12.5%

Although around half of the students who have responded don’t think that the use of
the tool has given them a better understanding of syllogistic validity, there is still around
40% of the students who find that the tool has helped them in this regard. Furthermore,
the Proof tool is very new, and its user interface may not be fully satisfactory. It should
also be noted that its use of indirect proof may be a complication. As a consequence,
some of the students may not fully have understood what precisely the tool does. In fact,
this may be the reason why the majority of the students were unable to benefit from the
use of the Proof tool.
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Table 3 refers to the Venn tool, and it appears that the use of this tool has been helpful
to an even bigger group of the students working with the course material. It appears from
Table 3 that 52.5% of the students stated that they could benefit to some extent from the
use of Venn.

Table 3. The students were asked to consider the following statement: ‘Venn has givenme a better
understanding of what it means to document the invalidity of a syllogistic argument with a Venn
diagram’.

Strongly agree 12.5%

Agree 30%

Somewhat agree 10%

Neither agree nor disagree 10%

Somewhat disagree 10%

Disagree 12,5%

Strongly disagree 15%

Graphically, this may be illustrated in the following manner (Fig. 4):

Fig. 4. Graphical illustration of the results included inTable 3. The studentswere asked to consider
the following statement: ‘Venn has given me a better understanding of what it means to document
the invalidity of a syllogistic argument with a Venn diagram’

The difference between the numbers in Tables 2 and 3 is in fact rather close to what
we expected. At least it is fully consistent with our impression during the 2020 course
and in particular during the 2020 exam, according to which many of the students found
it relatively easy to prove the validity of a syllogism, whereas they felt more uncertainty
about making a Venn diagram, by which we may document that a syllogism is invalid.
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6 Conclusion

The finding that the 2021 students did significantly better on the logic exam than the
2020 students is a bit surprising considering that the 2021 students had more challenges
due to the COVID-19 lockdown. One possible explanation may be that the students who
were locked down were rather isolated and had few social distractions, which may have
motivated them to study more. While likely part of the explanation, it is probably not
significant enough to explain the notable difference between the exam results in 2020
and 2021. However, it is quite likely that the better exam results in 2021 were due to the
introduction of the new learning toolsProof andVenn, the latter in particular. It is difficult
to draw definite conclusions due to the low number of responses, but the answers seem
to lend some support to the impact of the tools, with around half the students answering
that the use of the tools led to a deeper and better understanding of the validity and
invalidity of syllogisms.

In conclusion, this study clearly documents that, at least in some cases, when tradi-
tional teaching procedures and methods are or must be abandoned, being creative and
innovative may allow us to design new teaching tools that can give rise to significantly
better learning results than those occurring before the teaching situation changed. The
outcome of an innovation sparked by change may even be useful and relevant when the
normal teaching situation has been re-established. Thus, it will be meaningful to take
advantage of all innovative ideas that emerge during a special and changed teaching
situation, such as the one generated by the COVID-19 lockdown. As indicated by the
present case, it will be relevant to create tools that can support students’ work with
propositional arguments, even if such tools have to be designed and developed after
the COVID-19 lockdown. The analysis of the propositional arguments shows that many
students lack a clear understanding of how propositional validity and invalidity can be
demonstrated. This indicates that there is a need for an even stronger emphasis on the
analysis of arguments in terms of truth tables and semantic trees. We may even consider
building a tool based on the so-called existential graphs suggested by C.S. Peirce (see
[7, pp. 165–181]).

The material for our basic logic course has been very much inspired by the works
of A.N. Prior (1914–69). In particular, we have found his Formal Logic [8] from 1955
very useful. (More on the tools and topics chosen for the course can be found on our site
on Prior’s basic ideas on logic, www.logic.aau.dk). However, it is still an open question
how many of Prior’s ideas should go into our basic logic course.

Nomatterwhat,we should consider the development of tools for the part of the course
material dealing with propositional logic as well. Such new tools should be carefully
tested and evaluated. It is very likely that the use of such tools may improve the learning
results even more, whether or not there is a lockdown.
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Abstract. Humanities students are often considered to have lower problem solv-
ing ability and information application skills. This may be due to the fact that
many humanities students receive basic computer education that only teaches
word processing or other information software. In this paper, we want to inves-
tigate whether university humanities students’ problem-solving ability could be
improved through the computational thinking (CT) training. The experiment was
divided into 2 phases. The first phase was to investigate whether the students’
problem solving abilities could be affected by the CT education comparing with
the training of MS-Office operating skills adopted in the traditional “Introduction
to Computers” course. The result of this investigation showed that the experimen-
tal group received the CT training had significantly better achievement than the
control group in both problem-solving ability and IT application ability.

Keywords: Computational Thinking (CT) · Problem-solving ability ·
Information application ability · Bebras challenge · Scratch programming

1 Introduction

In the information age, everyone should have a certain degree of information ability,
including the ability to use computational tools to solve practical problems. In Taiwan,
university humanities students are generally considered to be inadequate in Informa-
tion Technology (IT) skills. The reasons may be: lack of interest, lack of IT skill or
confidence; lack of logical thinking training for a long time in their school education;
current computer-related courses do not attract students’ interest; and few contact with
the latest IT; and so on. It has always been a trouble for teachers who conduct computer-
related courses, such as the “Introduction to Computers”, in the liberal arts departments.
Moreover, many humanities students have already given up the study of computer pro-
gramming, or even the study of information-related knowledge. But these large groups
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of humanities and social science students actually have good cultural literacy in lan-
guage, literature, society, history and so on. If these students can be guided to integrate
into the modern information society and give full play to their cultural abilities, they
can enhance not only their own employability, but also their information skills. It can
be helpful to the quality and connotation of the information industry. Therefore, how to
improve these humanities students’ IT concepts/mindset to solve their real problems in
life, and then give full play to their ability to apply IT, will be a very meaningful task. In
order to achieve the above-mentioned goals, “Computational Thinking (CT)” [1], which
has become a trend in recent years, may be a feasible method and strategy.

Professor JeannetteM.Wing, a former Chair of theDepartment of Computer Science
at Carnegie Mellon University (CMU), first proposed the term Computational Thinking
(CT) in 2006. She proposed “CT is the use of basic computer science concepts to solve
problems, design systems, and understand the thinking mode of human behavior.” She
stated that CT is also the basic qualities that everyone in modern society should have,
as well as the computer science skills and knowledge necessary for future life [1]. She
emphasized that the ability of computational thinking is as important as 3R (Reading,
wRiting, and aRithmetics). It is not only a necessary ability for computer scientists,
computer workers, or programmers, it is also the basic skill of every modern person.
Computational thinking means a computerized problem-solving ability. This ability has
four aspects [2]:

1. Decomposition: Disassemble data, workflow, or actual problems into small, opera-
tionally manageable parts.

2. Pattern Recognition: Observe phenomena such as the characteristic pattern, trend
and overall pattern presented by the data.

3. Abstraction: Identify and establish the general principles of these patterns.
4. AlgorithmDesign: Design the implementation methods and steps to solve a problem

or similar problems.

The computer introduction courses of the humanities department in Taiwan have always
been teaching the operation and use of software tools, such as MS-Office, Web page
creation, or simple APP programming design. The content is mostly boring input and
operation following the teacher’s examples. For students, there is only practice on skills,
and no training on their problem-solving ability. Such a course does notmotivate students
on the one hand, and on the other hand, the effect of improving students’ problem-solving
ability is limited, and the expected results are not obtained. In general, students’ course
satisfaction is therefore not high. Therefore, the teachers are all trying their best to find a
more suitable computer introduction course content for the humanities students. There-
fore, if this study can confirm that the training of CT can achieve some help and effects
for university humanities students, then one can consider, in the future, incorporating
the content of the computer introduction course of the humanities department into the
CT training and applications. On the other hand, the same CT training model can be
transplanted to students of other disciplines, as well as the college students with low
information learning achievements, so as to enhance the IT ability of college students;
therefore, the results of this research can be of reference value for future IT education.
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Therefore, for humanities studentswho are relatively inadequately trained in sciences
such as mathematics, physics, and logic, the purpose of this paper is to study whether
they can, by cultivating CT concepts, not only improve their ability to think, analyze,
and find solutions to problems in life, but also improve their ability to think, analyze,
and find solutions by using IT. This research hopes to take the social robot application
system, a TA robot, as an example, to produce their own information tools designed and
implemented by ourselves. In this research, we will take students of foreign language
department as an example.

This paper is organized as the following: some related works are listed in Sect. 2; An
experiment is reported in Sect. 3; The experimental results and discussion are addressed
in Sect. 4. Finally, a brief conclusion is made in Sect. 5.

2 Related Works

The Computer Science Teachers Association (CSTA) and the International Institute of
Educational Technology (ISTE) have defined a series of concepts encompassed by com-
putational thinking and practice. These concepts are subdivided into data collection, data
analysis, data representation and analysis, abstraction, analysis and model verification,
automation, testing and verification, algorithm & process, problem decomposition, con-
trol structure, parallelization and analogy. Other scholars and organizations have also
put forward their own definitions and opinions [3–5]. In addition, computational think-
ing is also a thinking process involved in formulating problems, so it is necessary to
find computational steps and algorithms from its design and analysis to solve useful and
more complex problems [3]. Korkmaz et al. further clarified that computational thinking
can be defined as the necessary knowledge and skills, as well as the effective use of
computers to illustrate the attitude of solving life problems [6].

Table 1 is based on the connotation of computational thinking proposed in the lit-
erature of many scholars [3–5, 7, 8], and the connotation of computational thinking
that is currently generally accepted in private information technology education, such
as: Google for Education Exploring Computational Thinking website [9] and Bitesize
which is a website under the British Broadcasting Corporation BBC that provides free
online learning resources for students [10].

It can be seen from Table 1 that the computational thinking proposed by scholars
and the computational thinking proposed by private IT education resources have a high
degree of overlap in Abstraction, Algorithm, and Decomposition, which means that
These connotations are the consensus on the connotation of computational thinking
in current research and education. Also, because the Ministry of Education (MOE) in
Taiwan is also promoting learning computational thinking in education, the connotation
of computational thinking that was used in this study should be as close as possible to
the educational policy of Taiwan MOE.
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Table 1. Connotation of computational thinking

Wing [3] Barr and
Stephenson
[4]

Selby and
Woollard [7]

Google
[9]

Bitesize [10]

Abstraction ✓ ✓ ✓ ✓ ✓

Algorithm ✓ ✓ ✓ ✓

Automation ✓ ✓

Data ✓

Decomposition ✓ ✓ ✓ ✓

Evaluation ✓

Generalization ✓

Pattern
recognition

✓ ✓

Parallelization ✓

Simulation ✓ ✓

3 Experiment

3.1 Research Questions

We have two research questions raised in this research:

1. Can CT education improve university humanities students’ problem solving abil-
ities by comparing with the MS-Office operating skills training in the traditional
“Introduction to Computers” course?

2. Can CT education improve university humanities students’ information application
ability by comparing with the MS-Office operating skills training in the traditional
“Introduction to Computers” course?

3.2 Participants

The experimental targets of this research were 20 students from the third and fourth
grades (13 juniors and 7 seniors) foreign language department of a university in Taiwan.
Before starting the experimental teaching, all participants took a pretest to assess their
initial level of computing thinking ability, and then we used random grouping to divide
them into the experimental group (EG) and the control group (CG). Levene’s test was
used to test the homogeneity of the variance. The test results showed no significant
difference between the two groups’ pretest, where p = .596. The equal variance was
used, which means that the two groups were similar before the start of teaching, and the
experiment can continue. Table 2 shows the Levene’s test results of the two groups.
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Table 2. Analysis confirms that there is no difference between the two groups before teaching

EG (N = 10) CG (N = 10) P

Mean SD Mean SD

139.50 42.911 100.56 25.427 .596

3.3 Procedure

Figure 1 shows the experimental procedure. The experimentwas divided into two phases.
The first phase is for the first research question, and while the second phase is for the
second research question. The whole experiment lasted for 14 weeks, and one hour
a week. The first week is the explanation of the experimental precautions, informing
the students of their rights and obligations, and the CT pretest (and also a placement
test). The CT pretest used the “2016 The Bebras International Computational Thinking
Contest” (Bebras 2020) questions in the Senior Group (11th and 12th grade). In the
training stage (Weeks 2–3), we had a CT training for experimental group compiled by

1. Explanation of experiment process 

2. CT Pre-test (2016 Bebras International Computational 

Thinking Contest) 
Week 1 

Weeks 2-3 

Week 4 

Weeks 5-13 

Week 14 
1. Project Production Grading 

2. Cognitive Loading Test 

PART A (4 weeks) 

1. Scratch Programming Training 

2. Training of Zenbo Junior system and its Programming 

using Scratch 

PART B (5 weeks) 

Project production for implementing a TA Robot for English on 

Zenbo Junior using Scratch 

CT Post-test  

(2017 Bebras International Computational Thinking Contest) 

CT Training MS-Office Training Phase I 

Phase II 

Fig. 1. Experimental process
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this research and implemented the MS-Office training for the control group. The MS-
Office training is a common training in the course - “Introduction to Computer Science”
for university humanity students in Taiwan. Week 4 was the CT posttest using the “2017
The Bebras International Computational Thinking Contest” (Bebras 2020) questions in
the Senior Group (11th and 12th grade). Weeks 5–13 was for the test of CT concept
application. We would like to know whether the CT concept is helpful for university
humanity students in increasing their ICT application ability. It included four weeks of
Scratch programming training and then 5 weeks of project production of implementing
a Robot Teaching Assistant (TA) for English. In the last week, students were required to
submit their project production demonstration, the reports, and presentations for scoring.

3.4 Materials

Computational Thinking Training. Since there is no existing material for university
humanity students’ CT training, we decided to refer to documents in MOE, Taiwan, and
then produce self-compiled CT materials, in forms of PowerPoint Slides [11, 12]. The
contents of CT training materials included:

• CT basic concepts:

– What is CT;
– Why CT;
– Introduction to CT components: Decomposition, Pattern Recognition, Abstraction,
Algorithm Design;

• CT examples and applications that are related to humanity students’ life and
knowledge;

• Basic programming concepts that are introduced in the Computational Thinking test
(CTT): Sequence, Loops, Events, Parallelism, Conditionals, Data, andOperators [13].

Some material examples are shown in Figs. 2, 3 and 4.

Fig. 2. Example PPT slide of the teaching materials - Introduction to computational thinking



Improve University Humanities Students’ Problem-Solving Ability 137

After introduction to CT, we explained the composition of CT to the students.
The conceptual elements explained here were the decomposition, pattern recognition,
abstraction, and algorithm design. Then we explained the details of each part one by
one. In order to prevent students from having difficulty in understanding because they
only listened to the explanation of the textual meaning of the lesson, we used examples
close to daily life to help students to understand CT more easily.

Fig. 3. Decomposition

Fig. 4. Example of teaching slides of CT components

Figure 3 was used to introduce the concept of “decomposition” in CT. It explains that
an original complicated problem could be divided into several smaller and easy-to-solve
sub-problems such that a big and complicated problem could be conquered easily. To
prevent students from just listening to the explanation and feeling that the concept is too
abstract and difficult to understand, Fig. 4 was an example of decomposition presenting
the preparation of breakfast in daily life. More supplementary examples close to daily
life were given in the materials to help students understanding CT concepts.

Scratch Training. Scratch is regarded as a popular tool for cultivating elementary
school students’ computational thinking. It uses visualization tools to realize program
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construction through the simple building operation of building block instruction mod-
ules, and thus can effectively improve students’ independent thinking ability. Since there
have been lots of ready textbook for Scratch in Chinese, we choose one textbook that is
appropriate for university humanity students.

3.5 Instruments

To know students’ problem-solving ability in two groups before and after the CT training
course, an assessment tool, the International Contest on Informatics and Computational
Thinking (Bebras Contest), for measuring CT concepts was adopted. The Bebras com-
petition originated in Lithuania. “Bebras” means “beaver” in Lithuanian, so the whole
question type is based on beaver. What does Computational Thinking involve? From
Bebras Web site: “The Bebras challenge promotes problem solving skills and Informat-
ics concepts including the ability to break down complex tasks into simpler components,
algorithm design, pattern recognition, pattern generalisation and abstraction.More about
computational thinking” (Bebras 2020). The first Beblas Challenge was officially held in
Lithuania in October 2004. There were 3470 students of different ages from 146 schools
participated in the competition. From then to 2018, according to official statistics, 54
countries around the world have implemented this event. The competition accumulates
nearly 3 million participants, and it is held only once a year, held by the locals of various
countries, and more online competitions are used.

The difficulty age groups currently held in Taiwan are:

• Benjamin (fifth and sixth grade) (added since 2016)
• Cadet (seventh and eighth grade) (added since 2016)
• Junior (ninth and tenth grade)
• Senior (eleventh and twelfth grade)

For all age groups, there are 5 questions for each of the 3 difficulty levels: easy,
medium and difficult, for a total of 15 questions. It is considered that the experimental
students are college students and the highest level of the questions is only up to the high
school stage, so a total of 10 questions with medium and difficult levels are selected
to form test questions. The scoring method applied in this research was also based on
the original contest scoring rules, but the part, difficult, was not included, and the full
score was adjusted from 300 points to 225 points. This study used the 2016 and 2017
Taiwan Bebras Contest Senior Group questions as the Pretest and Posttest respectively
to evaluate the computational thinking ability.

4 Results

4.1 Analysis of Computational Thinking Scores

In experiment phase 1, the experimental group implemented the computational thinking
materials compiled by this research, while the control group implemented the general
tradition of MS-Office training. After the experiment, checked by using Box plot [14],
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there are 3 invalid samples outlier caused by the large difference with the values of
other students in the experiment process. Therefore, there are only 17 valid samples: 8
students in experimental group and 9 students in control group. Due to the small number
of students in the experiment, it is necessary to use the non-maternal test analysis. Two
independent sample groups are statistically analyzed by the Mann-Whitney U test. The
null hypothesis of this test is “the two groups have the same degree of CT performance”.
The analysis results are shown in Table 3.

Table 3. Analysis of computational thinking scores

EG (N = 8) CG (N = 9) Mann-Whitney U test

Mean SD Mean
Rank

Mean SD Mean
Rank

U P
[2*(single tail)]

141.25 36.228 11.75 100.56 25.427 6.56 14.000 .036*

Note: * p < .05

The results showed that the average rank (Mean Rank = 11.75) of the experimental
group (N = 8) was greater than the average rank of the control group (N = 9) (Mean
Rank= 6.56), with statistical significance (U = 14.000, p= .036< .05), that rejects the
null hypothesis. This result shows that in the Bebras test performance, the experimental
group was significantly better than the control group. It means that the problem-solving
ability of experimental group with CT training was better than that of the control group
with traditional MS-Office training.

4.2 Analysis of Student Project Productions

The second phase of the experiment was to assess students’ information application
ability by observing how the students to apply their problem-solving skills with their
majors in the Department of Foreign Languages to produce an IT-related project in
which an English Teaching Assistant (TA) Robot should be designed and implemented
by themselves. In the end, all students in both groups completed their robotics project.
System demonstration and viewing of Scratch source programs will be performed to
determine students’ level of problem-solving and information application ability.

Scratch programming training has been commonly used to cultivating children’s
CT ability. In the research, we want to observe the performance difference in problem-
solving between experimental group and the control group in which the former received
CT training and Scratch programming training while the latter just received Scratch
programming training only.
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The grading standard is as shown in Table 4. The grading method is to directly
observe the program codes submitted by the students, and award a score for each item
corresponding to one of the four CT components. Each scoring item has a maximum of
5 points, and there are 20 points in total for four scoring items. Scoring was done by 3
IT experts separately, and then a final average score was obtained.

Table 4. Metrics for Scoring the Programming Part in Students’ Projects

Evaluation item Performance in corresponding
programming

Example

Decomposition Check the amount of functional
blocks implemented in the program
codes

Students can separate the small
functions from the entire program
instruction sequence, and then make
these small functions into reusable
functions

Pattern
recognition

Check the amount of looping
structures in the program codes

Students can streamline the
sequential program/instructions into
one or more looping blocks without
redundant sequential process
instructions

Abstraction Check the amount of variables are
defined and how complex the data
structures are in the program codes

Check if the students can convert
5W: people (Who), events (What),
times (When), places (Where), and
things (Which) in real world into the
corresponding program variables
and data structures in the cyber
world?

Algorithm design Combination of the above three
parts. Instructor can examine the
core problem solving process in
student’s programs and check if the
program codes matching with
concepts shown above

In designing a 9 * 9 multiplication
table, an instructor could check:
• If the data types of the
multiplicand and the multiplier is
properly defined?

• If the operation of multiplying the
multiplicand by the multiplier are
put into the structure of a
double-loop program codes

The program codes were measured by mainly observing whether the students had
used the program instructions learned in the Scratch training and practice. Using the
instruction blocks that were not taught in training and practice didn’t affect the score of
this part, so as to prevent these additional performances from deviating from the scoring
standard.

After all the students’ programming works were scored, the scores of the two groups
were then analyzed by Mann-Whitney U test. Table 5 shows the results of the analysis.
The results showed that the average rank of the experimental group (N = 8) (Mean Rank
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= 13.50) and the average rank of the control group (N = 9) (Mean Rank= 5.00) showed
a statistically significant difference, where U = .000 and p < .001). This means that
the project production programs coded by the experimental group students who were
trained with CT is very significantly better than the control group students who were
trained MS-Office in Phase I.

Table 5. Analysis of the CT performance on students’ projects production

EG (N = 8) CG (N = 9) Mann-Whitney U test

Mean SD Mean
Rank

Mean SD Mean
Rank

U p
[2*(single
tail)]

17.875 0.856 13.50 13.780 3.113 5.00 .000 .000*

Note: * p < .001

Figure 5 is an example of the execution screen output of students’ works: Robot
Zenbo teaches English in elementary schools - thematic teaching.

Fig. 5. Robot Zenbo teaches English in elementary schools - thematic teaching

5 Discussion and Conclusion

This paper aimed to improve university humanity students’ abilities of problem-solving
and information application through CT training. Brief conclusions that reflect two
research questions are made as the following:

1. Compared with the traditional computer introduction course MS-Office training, the
humanities students can indeed improve their problem-solving ability after receiving
CT training. The difference is significant (p < .05).
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2. Compared with the traditional computer introduction course MS-Office training, the
humanities students can indeed improve their information application ability after
receiving CT training. The difference is very significant (p < .001).

Although university humanities students are often considered to have lower problem
solving ability and information application skills, this research shows their problem-
solving ability and information application ability could be significantly improved
through the CT training. Therefore, we would like to suggest that CT education should
be considered to be added into the “Introduction to Computers” course in humanity
departments, such as Department of Foreign Language and Literal, Department of Chi-
nese Studies, Department of History, and other similar departments, in order to promote
humanities students’ problem solving ability in modern life.

In addition to the experimental results, we also collected feedback from students
participating in the experimental courses. Students’ feedback combined with the exper-
imental results are useful for our future related research, experimental methods, and
improvement of teaching materials.

Since the number of students in the experiment is small, it is easy to be suspicious
to extend the results obtained to a larger scope. Therefore, it is recommended that the
number of samples in the experiment should be expanded as much as possible to obtain
more representative data when conducting related research in the future.

Most of the participants found that the CT training and topic production were mod-
erately difficult and interesting, and they had done exercises, and felt a sense of accom-
plishment. A few students felt that the content of the textbook was a bit complicated and
the teaching process was a bit stressful. We will make appropriate adjustments to the
teaching materials based on the opinions of students, and hope that in the future, it can
be provided to interested teachers of computer courses in the humanities department to
meet the needs of most humanities students.
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Abstract. Computational thinking is the one important skill of 21 century itmeans
a structured and proven method designed to identify problems regardless of age
or computer literacy level. The purpose of this research was to study the learner’s
preference learning experience about the characteristics of the elements of the
learning Package material and to develop the Computational Thinking Learning
Package Integrated Learning Experiences Design for Kindergarten Education.
The research participants were 40 kindergarten academic year 2020 students of
Demonstration school of Khon Kaen University and 3 experts to evaluate the
learning package. Experimental research was employed in this study. The instru-
ments used in the experiment were Computational Thinking Learning Package.
Data collection used the learner’s preference about the characteristics of the ele-
ments of the learningPackagematerials and the quality ofComputational Thinking
Learning Package. The results revealed that: the utilization of learning Experience
about the learner’s preference and designing Computational Thinking Learning
Package Integrated Learning Experiences Design for Kindergarten Education and
there were 6 elements as follows 1) Problem base 2) Resources 3) Collaboration
tools 4) Scaffolding 5) Coaching 6) Computational thinking game. The result of
the learning package revealed that elements and function were appropriate in 3
aspects follows as contents, media, and design.

Keywords: Learning experiences design · Learning environment ·
Computational thinking · Learning innovation · Kindergarten education

1 Introduction

The advancement of various technologies that have evolved by leaps and bounds in
today’s world has resulted in Work systems and technologies have been developed to
facilitate and support many aspects of human work. If the work system or technology is
able to think rationally, make decisions and learn by itself. Will lead to the application
of various solutions which will be very useful to humans these are Challenging human
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thinking in creating “smartness” for technology. The idea of creating a brain or artifi-
cial intelligence as intelligent as humans causing a branch of science computer science
called “Artificial Intelligence (AI)”, so to be able to exist in a dynamic world and is
constantly changing is computational thinking Computational Thinking [1], which is a
thinking ability that should be cultivated in the citizens of the country. This is because
it is a fundamental ability that every citizen should have in order to effectively solve
complex problems [2]. Therefore, it is necessary to cultivate computational thinking
from the kindergarten level in order to prepare according to the theory of age-related
development. To the next complex step. to create new researchers and innovators of
the country in the future and current system Education around the world attaches great
importance to the teaching and learning of Computing Science, which consists of Com-
puter Science, Information and Communication Technology (ICT) and Digital Literacy
for learning about Computer Science in the kindergarten level have to focus on 2 parts:
Part 1 Using Thinking computational (Computational thinking) [1, 3] to solve problems
like It is procedural and systematic. which consists of Breaking down a big problem
into problems/sub-tasks (Decomposition), considering patterns of problems or meth-
ods of solving problems (Pattern recognition), considering the essence of the problem
(Abstraction), and designing algorithms (Algorithms), and part 2, programming (Pro-
graming) with an emphasis on Write code without a computer. The child is going to
encounter problems in their everyday life, and they’re eventually going to have to learn
how to solve them on their own. These problems can be simple – like learning how to
brush their teeth – or slightly more complex, such as what to do when they’re injured
or scared. Being able to navigate complex information by recognizing it and break-
ing it down into more manageable data is an essential skill that complements further
technological and practical processes. It’s not an exaggeration when we say that compu-
tational thinking can serve as the foundation for most skills, abilities, and subject matter.
The name alone links CT to Computer Science courses like coding, information theory,
software development and testing, and IT infrastructure. But computational thinking is
more than just technology and the internet. Computational thinking is a mindset that
encourages children to scrutinize a problem and intentionally build a solution for it. This
is a general problem solving that can be integrated with other fields like Mathematics,
Science, and Communication [18]. Learning environment Package Is a new context in
teaching design inwhich designers have to create situations or important events for learn-
ers with evaluation By allowing students to interact with various sources of knowledge
In a variety of ways In which the learners are actively involved in the learning pro-
cess And the new trend of learning theories that give more importance to learning than
teaching is constructivist, Therefore, the principles of environmental design in learning
are based on constructivist concepts [4, 5]. As basic principles in design to promote
computational thinking in conjunction with Learner experience design is an emerging
approach to learning design that uses methods borrowed from related design disciplines
such as user experience design and service design thinking. User experience design can
be described as the design of a user’s perceptions and responses to their interaction
with an object, product, service, or system through an interface [6]. Service design is
aimed at providing a holistic experience to a user as they interact with the organization
and combines design, management, and process engineering [7]. From this one could
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conclude that service design is a subset of user experience design. However, in practice,
user experience design is often associated with product design while service design is
associated with the design of organizational services. In learning design particularly
for learning package solutions, learning designers often need to orchestrate the design
for products (such as learning resources), systems (such as a course shell in a learning
management system), and services (such as timely feedback or discussion facilitation).
“Experience is not about good industrial design, multi-touch, or fancy interfaces. It is
about transcending the material. It is about creating an experience through a device” [8].
Learner experience design aims to create the opportunity for a good learning experience
proposed learning design solutions and setting up feedback mechanisms. Therefore, the
principles of the constructivist learning environment in accordance with the Learning
Experiences Design are used as the basis for the Learning Pack-age design to promote
computational thinking. For students in kindergarten.

2 Purpose

To study the learner’s preference learning experience about the characteristics of the
elements of the learning Package material and to develop the Computational Thinking
Learning Package Integrated Learning Experiences Design for Kindergarten Education.

3 Methodology

3.1 Research Participants

There were 3 experts for evaluation the quality of the Computational Thinking Learning
Package in 3 domains, contents, media, and instructional design. There were 40 students
in kindergarten level 2, Demonstration School, Khon Kaen University. Kindergarten
Department That are currently studying in the first semester, academic year 2020. For
explore the elements of learning materials using learning experience design. The sample
was chosen by Purposive Sampling.

3.2 Research Instruments

For designing integrated learning experiences design for Kindergarten Education were
used the learner’s preference about the characteristics of the elements of the learning
Packagematerial a questionnaire form. For evaluation ofComputational ThinkingLearn-
ing Package Integrated Learning Experiences Design for Kindergarten Education was
used the model evaluation form to evaluate the quality in 3 domains as follows: content,
instructional design, and media.

3.3 Data Collection and Analysis

The elements of designing integrated learning experiences design for Kindergarten Edu-
cation were collected by 40 students and were analyzed by using summarization, inter-
pretation description. And evaluation of Computational Thinking Learning Package
Integrated Learning Experiences Design for Kindergarten Education were collected by
3 experts and were analyzed by using summarization, interpretation description.
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4 Results

4.1 Learning Experience About the learner’s Preference

After applying questionnaire form learner’s preference about the characteristics of the
elements of the learning Package material. the results of the learner’s preference about
the characteristics of the elements of the learning Package material were analysis using
Average and S.D. is listed in Table 1. As shown in Table 1, The learner’s preference
about the characteristics of the elements of the learning Package materials.

Table 1. Learner’s preference about the characteristics of the elements of the learning Package
materials.

No. List assessment Average S.D.

1. Active learning activities 4.78 0.42

2. Game-based learning model 4.85 0.61

3. Working in group work 4.50 0.37

4. Video learning media 4.88 0.34

5. Challenging learning missions 4.69 0.47

6. Using digital technology devices 4.78 0.31

7. The learning mission is competitive 4.70 0.41

8. Meaningful activities available in daily life 4.76 0.48

9. Clear scoring point 4.49 0.29

10. Activities are beautiful and fun 4.84 0.31

According to Table 1, Learners’ preferences regarding the nature of the elements
of the learning package. From the analysis and summary of the data We have used the
evaluation items to create the composition of the Computational Thinking Learning
Package.

4.2 Development of the Computational Thinking Learning Package Integrated
Learning Experiences Design

Computational ThinkingLearning Package IntegratedLearningExperiencesDesignwas
produced based on the designing framework comprised of 6 components [9] as follows:
(1) Problem base, (2) Resources, (3) Collaboration, (4) Computational thinking game,
(5) Scaffolding, and (6) Coaching obtaining as description of each key element is shown
in Table 2.
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Table 2. The key elements and descriptions learning environment

Key elements Description

1. Problem base & learning task It was shown Problem base for enhancing the learners to
construct knowledge and computational thinking learning
tasks [10, 11]

2. Resources It was shown Resources to provide just-in-time information
to help learners comprehend and solve the problem [12, 13]

3. Collaboration It was shown Collaboration for supporting the learners to
share their experience with experts by using Facebook and
Google Classroom for expanding their multiple perspectives
[14]

4. Computational thinking game It was shown Computational thinking game centre for
enhancing Computational thinking [1]

5. Scaffolding It was shown Scaffolding for enhancing students to solve
problems, to learn and construct the knowledge by
themselves [15]

6. Coaching It was shown Coaching by teachers and experts in learning
content with computer principles with best practice [16]

The constructivist learning environment based on universal design for learning to
develop computational thinking was produced based on the designing framework, as
shown in Fig. 1, 2, 3, 4 and 5.

Fig. 1. (A) (B) The box of computational thinking learning package integrated learning
experiences design for kindergarten education.

4.3 The Quality of the Computational Thinking Learning Package Integrated
Learning Experiences Design

The quality of the Computational Thinking Learning Package Integrated Learning Expe-
riences Design for Kindergarten Education were evaluated by 3 experts in 3 domain as
follow: learning content, media, and instructional design. The results revealed that in
Table 3.
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Fig. 2. (A) (B) Problem base center.

Fig. 3. (A) (B) (C) (D) Learning task center.

Fig. 4. (A) Resources, knowledge bank center. (B) Scaffoloding center.
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Table 3. The quality of computational thinking learning package

No. List assessment Expert no. 1 Expert no. 2 Expert no. 3

1 Learning content

1.1 Appropriate learning content +1 +1 +1

2 Media

2.1 Appropriate navigation icon +1 +1 +1

2.2 Appropriate composition art +1 +1 +1

2.3 Appropriate images and animation +1 +1 +1

2.4 Stability +1 +1 +1

3 Instructional design

3.1 Simulation problem base +1 +1 +1

3.2 Resource center/Knowledge bank +1 +1 +1

3.3 Collaboration center +1 +1 +1

3.4 Computational thinking game +1 +1 +1

3.5 Scaffolding center +1 +1 +1

3.6 Coaching center +1 +1 +1

According to Table 3, learning content aspect, experts agreed that the content is
appropriate for learners. For media aspect, experts agreed that the navigator icon,
composition art, images and animations are appropriate and stability. The last aspect,
instructional design, experts agreed that all components are appropriate and functional.

5 Discussion

According to the above findings, the results of this study as shown above,may cause from
instructional design: ID Theory. This is the instructional designs which are based on the
principles and theory. It can be showed by the quality of the Computational Thinking
Learning Package Integrated Learning Experiences Design for Kindergarten Education
that assessed by expert review. The quality was shown in several aspects: the content is
accurate and appropriate; Media were designed to support the knowledge construction
and Instructional design appropriate was based on learning theory. In addition, In design-
ing the learning package, the principles of constructivist learning environment design
were applied. together with the user (student) experience design to be appropriate and
consistent with learning needs Based on the researcher’s assessment questions based
on observations and experiences in learning design and management [17], the results
of the data analysis were used to create elements of the Learning package to promote
Computational thinking for further research data collection.
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Abstract. This research proposes to Develop the Online Learning to Enhancing
Computational Thinking. The research design is model research about Model
validation composed.The results collectedboth in quantitative andqualitative data.
The data are analyzed and summarized by synthesizing the protocol, interpretating
summaries and descriptive statistics. The outcomes of the study proved that 1) the
model has validity in the learning contents, the media, and the design of the
model. The model holds all six components whose quality is consistent with the
synthesis of a theoretical framework and conceptual framework for designing and
developing the online learning environments model. 2) the validity of this model is
confirmed by the impact of the learning paradigm on students. The computational
thinking shows that the students were able to create knowledge representation and
understanding the programming. The students’ opinion towards Online Learning
showed that the learning contents, the media, and the design are suitable and
supported to enhance the Computational Thinking.

Keywords: Online learning · Computational thinking · Learning environments ·
Computer · Programming

1 Introduction

Nowadays, the world is changing and changing fast. One of the most considerable
changes that have affected everyday life is technology. The other changewhich is resulted
from technology is in the fields of education. Technology has created fantastic innova-
tion and resources in education, improving the pattern of teaching and learning. There
have many factors affecting learning and teaching management, such as school activ-
ities, transportation, safety, environment, or academic competitions, especially on the
internet, which is growing by leaps and bounds. This benefit of technology is useful
to apply in education. Therefore, online learning is developed to improve the quality
of education. The development of digital technology influenced to learning behavior
of people in the present has many changed. Many academic institutions have modified
teachingmethods that focus on learning, which students can apply. This teachingmethod
has the integration of different disciplines. Learners are searching for flexible learning
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styles and innovations to respond to the needs of learners quickly and appropriately. In
the 21st-century, the knowledge of the world developed and became a dynamic evolution
of knowledge. Digital technology is a tool of the era that allows people to access knowl-
edge, other experiences, and practices on the network instantly. The needed learning
outcomes of learners in this century consist of thinking skills, cognitive skills, digital
literacy, technology skills, and modern life-career skills.

Education in the digital era is not only preparing and educating, but also improving
the learner’s moral values. This concept can describe as, besides giving knowledge, the
learners should have morality and be able to live with others as well. The skills comprise
analytical thinking and learning dispositions that have been placed as being required for
success in 21st-century society and workplaces. Therefore, education reform is needed
in Thai learners, especially in curriculum and Instruction. Currently, the Ministry of
Education is updating the curriculum to be used in the academic year 2018, from pre-
viously studying eight subject groups to learn in some subjected as same as the past.
The curriculum’s content will depend on the knowledge in the modern world, focusing
and deep on the essential topics. This situation may affect to create new subjects such as
Computing which will be learning about programs which are controlling the operation
of machinery. These subjects will enhance the learners’ ability to innovate, keep up with
technology, and increase the knowledge of engineering and new science. Finally, the
learners can apply this knowledge to establish innovation in the age of Creative and
Innovation technology, focusing on creating Thai students can think by themselves.

From the literature reviews, the principle of online learning environments design-
ing is focusing on learners. The learners create the knowledge by themselves from the
environment which set up from the instructor. The principle of constructivist learning
environments presents the learning content that is comprehensive and sufficient to solve
problems. This content presentation has the order in a sequence and summarizing it into
the essences. This principle helps to design the structure of learning environments on
the network, which is easily accessed to resources. Accordingly, the attribution of con-
structivist learning environments enhances learners to create knowledge representatives
as a mental model. The mental model defines the simple representation of knowledge
created by learners during studying in the content. The model can be presented in an
image or sign that supports the learners in understanding. The learners create the mental
model from the interaction between their experience and new knowledge from various
resources [2]. The characteristics of constructivist learning environments help create
knowledge and enhance the mental model of learners. The mental model and program-
ming from various problem bases in Subject 237216 Constructivism is used to integrate
with technology and innovation or media to enhance the efficacy of learning and give
students the skills to create knowledge [2].

The problems of learning and teachingComputer science inmany schools are that the
computer teacher has not enough knowledge in the field or did not complete all computer
science pure major requirements. Secondly, the topics in the subject are not standard
because the content is set depending on the competition program trend. Thirdly, students
did not learn programming throughout the curriculum in some schools. Fourthly, due
to the Ministry of Education’s announcement, Computing science, which focuses on
programming, is included in Basis Education Core Curriculum 2008 [5] in every school.
Thus, the researcher is interested in using online learning environments to develop the
instructional model. The online learning environments focus on developing students’
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ideas and collaboration, which design by using three theories i.e., Philosophy of Edu-
cation (epistemology and social constructivism), Educational Psychology (behavioral,
cognitive, social-psychological, and non-cognitive) and Educational Technology. In the
expectation that the use of online learning environments for programming will affect the
cognitive process of learners related to learning in the digital age and 21st-century skill.

For these reasons, the researcher is aware of the importance and need to develop the
Online Learning for Enhancing Computational Thinking using the Theoretical frame-
work. The information about many theories and previous studies of computational think-
ing is applied to design and develop the online learning. This media focuses on the learn-
ers to study the content with programming, mainly in the cognitive process. The out-
comes from this study lead to the development of the learners’ quality of programming
and continuous self-development at every stage in life [3].

Therefore, the principles of constructivist learning environment in accordance with
theLearningExperiencesDesign are used as the basis for theOnlineLearning toEnhance
computational thinking [1]. For students in High School Students.

2 Purpose

Study the learners perceive about the characteristics of the elements of the Online Learn-
ing and to develop the Online Learning to Enhancing Computational Thinking for High
School Students.

3 Methodology

3.1 Research Participants

1. The target group for evaluation the quality of the Online Learning in 3 domains,
contents, media, and instructional design was 3 experts.

2. The target group was 35 students who were studying in the Demonstration School
of Khon Kaen University, Thailand. The students were specifically selected from
High School Students in the first semester of the academic year 2020. The selection
of students was purposive sampling which had no significant differences between
students’ proficiency.

3.2 Research Instruments

The instruments which were used in the study was Online Learning. The process of
design and development included 1) studying the principles Computational Think-
ing, and knowledge construction. 2) studying learning management system of learner,
teacher, and curriculum. 3) synthesizing of theoretical framework which comprised of
included psychology of learning, context, technology, computational thinking, and ped-
agogy by using the principles and theoretical and context. 4) synthesizing the designing
framework by using theoretical framework 5) synthesizing the component of the Online
Learning which were problem base, resource, scaffolding, cognitive tool, collaboration,
and coaching from designing framework 6) designing and developing the Online Learn-
ing extracted from the previous data and 7) evaluating the efficacy of theOnline Learning
from contexts, media and model designing.
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3.3 Data Collection and Analysis

1. The data was collected inspecting the quality of the model. The Online Learning
was evaluated by using the survey from the experts in 3 fields which were content,
media, and model designing. The results of the study showed that the quality of six
components were qualified according to the quality of the synthesis of the theoretical
framework and the framework of the basis for the design and development of the
learning environment model on the network.

2. The data was collected using the Online Learning as a tool in this study. The model
which was modified were utilized in lesson which learners studied by using the
Online Learning as a tool to study the learners perceive. The learning opinions from
the Online Learning were also examined in this part. The process of the study could
be described as shown in Table 1:

Table 1. The process of using the online learning.

Online Learning Learning Process Activities
Online Pre-class
(Self-Learning) 

- Learning process though Online 
Learning by themselves.
- Students perform tasks in accord-
ance with the learning situation on the 
Online Learning.
- Teachers, coaches via zoom meeting 
and answers questions via inbox 
Facebook. 

Online During-Class - Live teachers teach online via Zoom 
Meeting.
- Presenting a critical example of the 
mission submitted in the Online 
Learning. 
- Reflection + Summary.

Online Post Class - Teachers follow the online sum-
mary.
- Students review knowledge.
- Students reflect knowledge by 
sharing their mission in the Online 
Learning. 
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The process of using Online Learning was shown in Table 1. The student pri-
orly studied by themselves through the Online Learning before going to the online
class. Then the students and teacher perform the activity in the class together in the
activity who practice problem, join discussion, and summarize the activity which
they learned together. After the activity, the teacher and student summarized and
shared the knowledgewhich the students have learned independently with theOnline
Learning using the Zoom Meeting.

3. The elements of designing were collected by 35 students and were analyzed by using
summarization, interpretation description. And evaluation of Online Learning was
collected by 3 experts and were analyzed by using summarization, interpretation
description. And processed shown in Fig. 1

Fig. 1. Data collection process

4 Results

4.1 Development of the Online Learning to Enhancing Computational Thinking

Online Learning to Enhancing Computational Thinking Design was produced based
on the designing framework comprised of 6 components as follows: (1) Problem Base,
(2) Resource, (3) Scaffolding, (4) Cognitive tool, (5) Collaboration, and (6) Coaching
obtaining as description of each key element is shown in Table 2.
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Table 2. The key elements and descriptions learning environment.

Elements Description

1. Problem base Problem base could boost the learners’ involvement in a situation
resulting in initiative solution. The involvement occurred during learning
process could be applied to real-world problems. Moreover, it was
predictable that the students would be able to develop a broader
knowledge and more learning framework. (Fig. 2)

2. Resources The resource and the illustration which were systematically organized
and were divided into distinctive categories promoted ease of access and
search. Furthermore, they had different contents which contributed to a
variety of ideas to solve problems. (Fig. 5 A)

3. Cognitive tools Cognitive tools supported the learners in selecting the tool during learning
and/or doing the mission to acquire additional knowledge. (Fig. 5 B)

4. Collaboration Collaboration was considered as supporting the exchange of knowledge
and co-working which students could discuss via chat room (Fig. 6 A)

5. Scaffolding Scaffolding can stimulate the learners to solve the problem. (Fig. 7 A, B)

6. Coaching Coaching was used to support, help, and advise the learners besides it
could assist the communication between teachers and learners in seeking
and finding various answers. These findings confirmed that the
environment learning which was designed by using constructivist theory
significantly encourage, support, enhance, and help build the student’s
knowledge of computational thinking [1]. (Fig. 6 B)

The constructivist Online Learning based on universal design for learning to develop
computational thinking was produced based on the designing framework, as shown in
Figs. 2, 3, 4, 5, 6, and 7.

Fig. 2. (A) (B) The online learning to enhancing computational.



158 N. Jarungsiraway et al.

Fig. 3. (A) (B) Problem base.

Fig. 4. (A) (B) Learning task.

Fig. 5. (A) Resources. (B) Cognitive tools.

Fig. 6. (A) Collaboration. (B) Coaching.
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Fig. 7. (A) (B) Scaffloding.

4.2 The Quality of the Online Learning to Enhancing Computational Thinking

The quality of the Online Learning to Enhancing Computational Thinking was evaluated
by 3 experts in 3 domains as follow: learning content, media, and Model design. The
results revealed that in Table 3.

Table 3. The quality of online learning

No. List assessment Expert no. 1 Expert no. 2 Expert no. 3

1 Learning content

1.1 Appropriate learning content +1 +1 +1

1.2 Appropriate realistic context +1 +1 +1

2 Media

2.1 Appropriate navigation icon +1 +1 +1

2.2 Appropriate composition art +1 +1 +1

2.3 Appropriate images and animation +1 +1 +1

2.4 Flexibility +1 +1 +1

3 Model design

3.1 Problem base +1 +1 +1

3.2 Resource +1 +1 +1

3.3 Collaboration +1 +1 +1

3.4 Cognitive Tools +1 +1 +1

3.5 Scaffolding +1 +1 +1

3.6 Coaching +1 +1 +1

According to Table 3, learning content aspect, experts agreed that the content is
appropriate for learners. For media aspect, experts agreed that the navigator icon,
composition art, images and animations are appropriate and stability. The last aspect,
instructional design, experts agreed that all components are appropriate and functional.
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5 Discussion and Future Work

The result of validation showed that the six components of Online Learning have the con-
sistency according to the synthesis of a theoretical framework and conceptual framework
for designing and developing theOnline Learning on the network. Due to the result of the
evaluation, the online learning had validity. From these internal results showed that inter-
nal validity of theoretical framework, designing framework and learning environment
was consistent with the previous research [7].

The results of the validation from the evaluation of the experts in media and model
design found that the Online Learning had the quality in every component of the model
and were consistent with the theoretical framework and conceptual framework for
designing and developing the online learning environments model.
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Abstract. Computer programming learning is an important course for students
to foster critical thinking and logical thinking ability. However, most students
don’t have enough learning ability to learn programming automatically. In this
study, we developed a program assistant teaching system for students to learn
program easily. We built a Web-based Java Compiler Module for students to code
online. We use this learning module to collect the information during students’
coding. After students test on the learning module, we invited 15 domain experts
to evaluate the proposed learning system with the view of teacher/administer. The
results of questionnaire survey show positive outcomes and indicate the benefit of
the system for students.

Keywords: Programming learning · Java compiler · Learning feedback

1 Research Background and Purpose

With the progress and development of information technology, smart mobile devices
are ubiquitous. Almost everyone has handheld devices such as smartphones and tablet
computers. That is to say, the application of mobile APP has spread to people’s lives,
and smart mobile devices or wearable technology have become an indispensable part
of people. On the other hand, the popularity of smart mobile devices has also brought
a lot of convenience to people’s life. Under this trend, the development and application
of mobile APP have gradually become a hot topic. As a result, all walks of life are
promoted to develop relevant applications, and even in teaching, some schools have
integrated smart mobile devices to develop e-book systems to help students learn, so as
to improve teaching effectiveness (Huang et al. 2012). This also shows the importance of
program-related capabilities. Therefore, all countries in theworld are investing heavily in
programming education courses. The purpose is to cultivate relevant information talents
to cope with the development of technology and application.
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However, in terms of the teaching of programming, most colleges and universities
nowadays focus on the teaching of the program grammar structure and the program
algorithm theory, which also means that students have fewer opportunities to practice.
Therefore, students lack practice-related studies in the traditional teaching environment,
which also causes students to have insufficient experience in program implementation.
However, programming is a professional course,with relatively high difficulty in learning
(Mayer et al. 1986; Winslow 1996). Therefore, in view of the teaching of programming,
the researcher noted that in the process of teaching students programming, teachers
should use a step-by-step teaching method. Rahmat et al. (2012) mentioned that pro-
gramming is a class capability. Therefore, Rahmat et al. (2012) suggested that students
should have certain background knowledge before taking advanced courses. Students
cannot obtain learning effectiveness if learningprogrammingwithout certain background
knowledge. On the other hand, many scholars also discussed how to effectively assist
students in the development of programming capabilities in terms of the teaching of pro-
gramming courses (Ahmadzadeh et al. 2005; Bancroft and Roe 2006; Tseng and Weng
2010; Michaelson 2015; Koorsse et al. 2015; Van and Webb, 2016; Kunkle and Allen
2016; Papadakis et al. 2016; Erol and Kurt 2017). However, most of the studies focused
on the establishment of program concepts and algorithm theory (Kordaki et al. 2008). In
other words, the teaching strategy focusing on theory was still very limited in the culti-
vation of programming capabilities. Therefore, how to take into account the knowledge
concepts of different programming dimensions at the same time, how to effectively cul-
tivate students’ problem-solving capabilities, accumulate students’ practical experience,
and cultivate professional knowledge, have become important topics in the teaching of
practical programming capabilities at present.

In terms of previous traditional curriculum teaching, the assessment of learning effec-
tiveness was mostly based on test scores. However, in programming-related courses, due
to itswide range of skills cultivated, other differentmethodsweremore suitable to be used
to assess students’ capabilities in other aspects. For example, in programming courses,
the logical capabilities, thinking capabilities, and problem-solving capabilities of stu-
dents should be cultivated (Schollmeyer 1996). In addition, in the process of learning
programming, students would have different mistakes in learning programming due to
their different knowledge backgrounds. For example, the most common situation when
students write programs is that the programs cannot be executed. Thereby, students are
often at a loss and feel frustrated in learning. In addition, in the process of practicing
programming, students cannot recognize the debugging message displayed by the editor
due to their lack of background knowledge, which not only leads to students’ failure
of independent completion of learning tasks but also bring frustration about learning
to students. Eventually, students’ learning willingness will be affected. The researcher
also mentioned a similar view in this study that for beginners, programming learning is
difficult because learners do not have enough background knowledge to independently
identify error messages (Koorsse et al. 2015). Ahmadzadeh et al. (2005) carried out a
study on the problems often encountered in programming, which collected and ana-
lyzed the program history records of 10,865 students. According to the results of this
study, in terms of the most common errors made in programming by most students, 63%
of students make Syntax Errors, while 46% of students make Semantic Errors, among
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which the most common situation is that learners fail to define variables, and only 1%
of students make Lexical Errors. Therefore, in the teaching of programming, teachers
can add constructive debugging methods or corrective feedback to help students learn
(Bancroft and Roe 2006). The purpose is to enable students to solve problems through
the feedback content in the programming environment and complete learning activi-
ties independently, so as to achieve the objective of cultivating computational thinking
capabilities.

For this reason, in this study, a Web-based Java Compiler (WJC) was established.
ThisWJC system integrated a Java programming language compiler,whichwas provided
to students through a web interface. Compared with traditional Java teaching, the trouble
of installing Java environment was reduced to lower the learning threshold. Meanwhile,
by virtue of the advantages of web-based programming, the system will analyze the
collected keywords of errors by collecting the program error message Log file, and
then provide timely learning advice and assistance, so as to achieve adaptive teaching.
Finally, in this study, the students’ feedback on the Web-based Java Compiler (WJC)
was assessed as the basis for the integration of the system into teaching activities in the
future.

2 Literature Review

The learning process is used to explore various situations that occur during learners’
learning process, which mainly refers to what happens during students’ learning pro-
cess, or refers to the learning process that affects the learning capabilities (Doz 1996).
At present, the concept of the learning process is widely used in North America and
European countries. The purpose is to enable students to record their previous learning
materials anytime and anywhere, and to achieve the growth and development of learning
capabilities by reflecting on the precious learning process records. Therefore, colleges
and universities are actively promoting the e-learning process file at present. On the other
hand, the e-learning process (or e-portfolio) is a very important tool for students, which
can not only show students’ learning capabilities and academic achievements, but also
train students’ basic information literacy capabilities, data integration capabilities, inte-
gration capabilities, logic capabilities, and the most basic writing and communication
capabilities in the process of building their own learning processes. In addition, in terms
of the process classification, most classifications are personal learning record data and
course learning process data. Therefore, the learning process file becomes a clear context
of the learning experience. Moreover, with the progress and development of information
technology, the traditional learning process in the past has been gradually transferred
to the online learning process platform. Nowadays, as for the common learning process
platforms in colleges and universities, most of them can record students’ learning pro-
cess, which roughly includes the process of course taken, personnel licenses, activity
participation, association participation, and learning planning. However, the contents
recorded on the platform are the learning results, without special records of the behav-
iors in the learning process (Freire and Macedo 2013). Compared with the learning
results, the behaviors of learners in the learning process are more meaningful to the
teacher, mainly because the teachers can revise the teaching strategies with reference to
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the learners’ reactions and behaviors in the course, Moreover, learners can also reflect
and revise their learning strategies through the behaviors in the learning process.

Generally speaking, the learning process ismainly used to record the learning process
of the actual situation, and teachers can observe the actual learning process of learners
through the learning process file, including their learning achievements and methods
to solve problems (Wilcox and Tomei 1999). Therefore, the learning process plays a
very important role in teachers’ teaching. Based on the records of the learning process,
teachers can help students in learning, assist students in learning, and assess learning
effectiveness. On the other hand, teachers can also make the learning process a reference
for improving teaching strategies. However, with the emergence of more and more e-
learning platforms, Hewitt (1995) suggested that the learning process file should include
the following seven functions: (1) use for further studies, (2) use for teachers’ inspection
on students, (3) display of students’ performance or work achievements, (4) provision of
tangible evidence about students’ efforts, (5)encouragement of students’ target setting,
(6) display of students’ growth or progress, and (7) use for teachers’ self-inspiration
and understanding of students. On this basis, the WJC system put forward in this study
would collect the relevant learning history data of learners on the platform, including
the learners’ use information and the historical records of program code writing. The
purpose is to collect the behaviors of learners. On the one hand, teachers can refer to
the data as a reference for textbook revision; on the other hand, through the presentation
model for the learning process, the WJC system can provide teachers and learners with
suggestions and warnings on learning, so that learners can adjust their learning methods
to reduce the situation that students cannot keep up with the progress of curses or have
unsatisfactory grades.

3 Research Method

Figure 1 is a system function module put forward by this study, which will continue
to be developed based on the above-mentioned platform structure. In order to support
students to practice Java programs on the platform, the platform will implement the
function of a Web-based Java Compiler through an Open Source package. In this way,
students can write Java program code through the WJC platform. Meanwhile, the his-
tory time, program code content, error messages after compilation for students’ program
code writing can be collected to be used for follow-up study and analysis. The diagram
of the Web-based Java Compiler (WJC) is shown in Fig. 2. While this functional mod-
ule is implemented, relevant modules will also be implemented to record the history of
students’ program code writing, including program code writing time, error message
record, program history record, debugging behavior record, and program recommenda-
tion module. The records collected through these five functional models can be used
as data for predicting future learning results, and can also provide teachers with visual
methods for improving teaching strategies. Details are described as follows:

• Program code writing time: Generally speaking, if students use Java Integrated Devel-
opment Environment (IDE) such as Android Studio or Eclipse, due to the indepen-
dence of these tools, teachers are difficult to track the students’ actual operation pro-
cesses such as when to start writing programs, and when to press the compile button.
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If the time of students’ writing programs can be understood and be displayed through
charts, teachers will be helped to understand the behavior analysis of students’ writing
programs and improve the teaching on this basis.

• Error message record: In case of an error detected during execution under a general
program development environment, a Stack Trace will be printed for the developer
to debug the program. Stack Trace means that a series of program Methods called by
the application in the process of error will be printed, but such a message is still too
complicated for students or beginners. TheWeb-based Java Compiler implemented in
this study can provide real-time monitoring Log recorded by the backend server, and
make further collection and analysis to identify compilation error types and runtime
error types through simple string filtering and comparison methods. In addition to
knowing their current error types, students can also link program errors with error
types, and also return the error information to the back-end server, so that the back-
end server can recommend useful debugging information to students through error
messages.

• Program history record: For a program project or operation, the problem-solving
processes of students in view of their known problems, are helpful to the cultivation
of students’ computational thinking capabilities, which are also important for teachers.
The Web-based Java Compiler (WJC) developed in this study can record the program
code, sequence, correct times, and error times of students’ program code writing. This
information is very useful for this study to recommend materials, analyze students’
capabilities and predict learning results.

• Debugging behavior record: In case of a program error, for beginners, the most dif-
ficult thing is to identify the correct debugging direction, which usually comes from
the aforementioned Stack Trace. The Web-based Java Compiler (WJC) developed in
this study is expected to be able to parse the Stack Trace and analyze the suitable key-
words. On the one hand, the system provides the keywords of error types to students to
search for answers on the Internet by themselves and enables students to understand
the program error and which keywords can be used to search for relevant network
resources. The process of students from making mistakes to writing the correct pro-
gram code can be recorded by the module so that the system or teachers can know the
students’ debugging behavior record, and help students solve the program problems
encountered by cooperating with the program recommendation module.

• Program recommendation module: Through the aforementioned modules, the system
can filter out the messages of students when program errors occur. These messages
can help students further solve problems by searching or asking their peers. However,
students may not know how to debug when they see too many error messages. This
module can provide assistance. For example, Fig. 3 is a common run-time error. A
content that exceeds the array index is to be printed by the program, so an error will
occur during program code execution. Therefore, in the Stack Trace, an error message
for the array index exceeding prompted by Java is listed, namely ArrayIndexOutOf-
BoundsException. Therefore, the Web-based Java Compiler (WJC) implemented in
this study can identify suitable keywords of errors through string comparison and
filtering, so that students will not be overwhelmed by such a long series of error
messages.
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Fig. 1. System function modules

Fig. 2. Web-based Java compiler layout
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Fig. 3. Common run-time error sample

4 Evaluation and Discussion

In order to explore the usability and the effectiveness of the proposed five modules in
WJC, we invite several experts to evaluate the system by replying questionnaires. A total
of 15 experts who have strong programming teaching experience and professional in the
area of e-learning research were invited to participate in the experimental assessment.
The response portion of each question in the questionnaire was designed using a 5-point
Likert scale. Typically, an item in a Likert scale is given as a statement and the invited
experts need to respond the statement using a scale from 1 to 5, in which 5 stands for
“strongly agree” and 1 stands for “strongly disagree”. The 5 level responses also stand
for the score of each question thus we can calculate the mean value of each item. The
questionnaire item and statement includes:

1. Program code writing time module is important to students.
2. Error message record module is important to students.
3. Program history record module is important to students.
4. Debugging behavior record module is important to students.
5. Program recommendation module module is important to students.

The responses data from experts were collected from online questionnaire system
and it can be further analyzed and discussed. The statistical results were presented in
Table 1. The 5th column describes the percentage of each item score that are greater or
equal to 4.

The statistics results show that the mean value of Item (2), (4), and (5) are higher
than 4. The mean value of Item (1) and (3) are 3.667 and 3.8 separately. Therefore, the
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Table 1. Questionnaire results

Item Mean Stand deviation Variance Score >= 4

1 3.667 0.471 0.222 67.00%

2 4.133 0.340 0.116 100.00%

3 3.800 0.400 0.160 80.00%

4 4.067 0.249 0.062 100.00%

5 4.467 0.499 0.249 100.00%

responses to Item (2), (4), and (5) indicates that the experts agree the proposed system
modules are benefit to students’ program learning. However, responses to Item (1) and
(3) are relative lower than other responses. The results show that the experts don’t agree
program code writing time and program history record are the key factors in students’
program learning.

5 Conclusions

This research proposed and implemented a programming learning systemwhich supports
web-based Java compilemodule. The authors developed a programming learning system
for students to learn programming and to write code in web-based application. In the
way, system can collect students’ coding history and provide real-time support according
to the history analysis results. The questionnaire survey from experts show that most
proposed system modules can help the process of programming learning. However,
experts don’t agree program code writing time and program history record are the key
factors in students’ program learning. Therefore, in future work, we will evaluate the
effectiveness of the proposed system modules with the view of students and to provide
sufficient learning assistance information during the learning process.
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Abstract. Educational robotics without computer was widely adopted for young
kids ‘computational thinking training. This study aimed to investigate how differ-
ent instructional strategies influenced young children’s basic computational think-
ing skills through two research case scenarios. A true-experimental posttest with
control group was used to fulfill the research purpose. Two experiments involved
3-h educational training. 36 first graders (6-year-old) from two public elementary
schools in Taiwan voluntarily participated in the study. A mouse-shape robot kit
(Code & Go Robot Mouse) and a car-shape robot kit (Botley Robot) were two
instructional tools in the study. Two types of instructional strategies were devel-
oped:with orwithout visual aid. Three levels of computational thinking challenges
(Easy, medium and hard) were designed. The findings from two case scenarios
yielded that different types of instructional strategies only produce different learn-
ing outcomes for a hard learning task. It was suggested that students needed visual
aids to support their learning process when solving more complex computational
thinking problems.

Keywords: Educational robotics · Instructional design · Computational
thinking · Elementary education

1 Introduction

In recent years, our research team (Maker Education Lab in NPUST) had put an effort on
using educational robotics with computer (ERC) to support elementary school students
in engaging engineering design activities. For example, one previous study showed
that 30 fifth graders significantly improved their electrical engineering knowledge and
computational thinking skills after receiving 16-week ERC training [1]. In another prior
research [2], 11 third graders demonstrated accurate engineering knowledge andobtained
basic programming skills during immersing in a 5-week ERC lesson. However, even
though positive learning outcomes identified in those studies, inappropriate learning
behaviors, such as playing non-learning related applications (App), often appeared in
learning contexts [3]. Whether or not educational robotics “without” computer (ERWC)
may yield a better learning effect is worthy of further investigation.
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ERWC was widely adopted in early childhood curriculum because some parents or
instructors extremely concerned young children’s eyesight. Commercial simple robots
with animal or car forms, played a major role in ERWC learning activities. Although
ERWC have less technology functions, the educational values were still powerful. In
Lieto et al.’s study [4], 12 kindergarten kids participated in a 6-week ERWC pro-
gram. The results showed that a bee-shape robot (Bee-Bot) significantly enhanced
kids’ visuo-spatial working memory and inhibition skills. In Sullivan and Bers’ [5]
study, 98 preschool children participated in a 7-week ERWC curriculum. The find-
ings also revealed that children mastered programming concepts by using a car-shape
robot (KIBO). However, pedagogy issues such as the development and application of
instructional strategies were uncommon in the ERWC literature.

Based on the background information abovementioned, the purpose of the study
was to investigate how different instructional strategies influenced young children’s
computational thinking performances through two research scenarios. In the first case
scenario, a mouse-shape robot was adopted as an instructional tool. The second case
scenario repeated the research procedure of the first scenario with similar robot kit. All
participants were first graders at elementary schools. Specifically, the research question
was:

• Did students immersing in different types of ERWC instructional strategies produce
different learning outcomes?

2 Basic Computational Thinking Skills

Brennan and Resnick [6] proposed that students receiving Scratch programming train-
ing might obtain seven computational thinking skills, including sequence, loop, event,
parallelism, conditional, operator, and data (see. Table 1).

Table 1. Computational thinking skills proposed by Brennan and Resnick.

Computational thinking skills Definition

Sequence A series of programming steps

Loop Repetition of programming actions

Event One programming action cause another thing to happen

Parallelism Programming actions happening at the same time

Conditional Decision on certain programming conditions

Operator Programming involving mathematical expression

Data Programming involving variables to store data

Bers [7] also proposed seven computational thinking skills for kids engaging in
early coding curriculum: algorithms,modularity, control structures, representation, hard-
ware/software, design process, and debugging. Of those skills, algorithms refer to the
sequencing skill, which is similar to the sequence in Brennan and Resnick’s definition.
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Because the current study adopted ERWC approach, the basic robot training could
not be used to evaluate those computational thinking skills discussed earlier. In addition,
prior research [8] had shown that the sequence could be used tomeasure young children’s
basic computational thinking. Therefore, in the study, only sequence was considered for
further analysis.

3 Research Method of the First Scenario

3.1 Research Design

A true experimental posttest with control group was used to fulfill the research question.
The educational experiment lasted for two weeks. Figure 1 shows the research design of
the study. Overall, after receiving the 3-h instruction, students needed to complete three
computational thinking challenges (posttests).

Fig. 1. The research design of the study.

3.2 Research Participant

18 first graders (male: 11; female: 7) from a public elementary school in Taiwan volun-
tarily participated in the study. Prior to the study, students had no experience of engaging
in any ERWC learning activities. They were randomly assigned into two experimental
groups (strategy 1: control group; strategy 2: experimental group). Two experimental
groups had the equal number of students. Two teachers were responsible for delivering
the instruction in two learning groups.

3.3 Technology Tool

Amouse-shape robot kit (Code & Go Robot Mouse) was an instructional tool in the first
scenario. Green grid pieces and purple maze pieces formed different learning tasks. Stu-
dents should click buttons on the mouse to control four movements: forward, backward,
right turn, and left turn. A yellow cheese wedge was symbolized as a final destination
on the mazes. When the robot mouse touched the cheese, a sound was produced in the
mouse, which also represented that students completed the tasks. Figure 2 is a snapshot
of the robot kit.
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Fig. 2. Code & Go Robot Mouse.

3.4 Assessment Tool

The study adapted Bers’ [9] 6-point computational thinking task scale to measure
students’ sequence concepts. Table 2 shows the definition of the scale.

Table 2. Definition of the scale.

Point Definition

1 Did not complete the task

2 Very incomplete achievement of the task

3 Partially complete achievement of the task

4 Mostly complete achievement of the task

5 Complete achievement of the task

According to the complexity of the mazes, three levels of computational thinking
challenges (Easy, medium and hard) were designed as the posttests in the secondweek of
the experiment (see Table 3). Toward more hard challenges, students needed to complete
more sequence tasks. Those sequence tasks were validated by two computer science
teachers. During each posttest, students needed to independently complete the tasks

Table 3. Three levels of the tasks (Mouse).

Level Sequence steps

Easy 10

Medium 20

Hard 30
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within five minutes. When one student received a test, other students could not stand
nearby to intervene in the testing process.

3.5 Instructional Strategy

Two instructional strategies were developed in the study:

1. Without visual aids (strategy 1: control group): After examining the mazes, students
clicked the buttons on the robot mouse step-by-step. Students were not allowed to
move the robot near the mazes to confirm the direction.

2. With visual aids (strategy 2: experimental group):While viewing themazes, students
put direction cards on the table to copy themaze path. Subsequently, students clicked
the buttons on the robot mouse according to cards’ sequences (See Fig. 3).

Fig. 3. With visual aid strategy (The first scenario).

4 Research Method of the Second Scenario

4.1 Research Design

The second scenario also adopted a true-experimental posttest with control group to
investigate the research question. The research design process was the same as that in
the first scenario.

4.2 Research Participant

18 first graders (male:10; female:8) from another public elementary school participated
in the second research scenario. Students were randomly assigned into two groups (con-
trol:9 and experimental group:9). Different teachers led two learning groups. Prior to
the study, students also had no experiences of using any programming tools.
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4.3 Technology Tool

In the second research scenario, a car-shape robot kit (Botley Robot) served as an instruc-
tional tool to facilitate the instructional activities (see Fig. 4). Overall, the functions of
the robot were similar to the one used in the first research scenario. However, when using
Botley Robot, students needed to click the buttons (forward, backward, right turn, and
left turn) on a remote controller. After receiving code messages, the robot performed the
movements on the colorful cardboards, which formed different levels of learning tasks.

Fig. 4. The Botley Robot.

4.4 Assessment Tool

The assessment tool used in the second research scenario was the same as the one
in the first research scenario. Three levels of computational thinking challenges were
designed as the posttests. These tests were also validated by two computer science teach-
ers (see Table 4). In the secondweek of the experiment, students needed to independently
complete the tests within five minutes.
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Table 4. Three levels of the tasks (Botley).

Level Sequence steps

Easy 7

Medium 15

Hard 25

4.5 Instructional Strategy

Two instructional strategies adopted in the second research scenario was the same as
those in the first research scenario:

1. Without visual aid (strategy 1: control group): While viewing the mazes on the
cardboards, students clicked the buttons on the remote controller to input the pro-
gramming codes. It was noted that students could not move the robot on the maze
path to confirm the sequence.

2. With visual aid (strategy 2: experimental group): After examining the maze, students
used the cards to record the sequences. Subsequently, students clicked the buttons
on the remote controller by copying the cards’ sequences (See Fig. 5).

Fig. 5. With visual aid strategy (the second scenario).
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5 Findings of the First Scenario

Table 5 reports the results of descriptive statistics. The findings showed that students in
the experimental group performed better than students in the control group. Furthermore,
regardless of the type of the groups, when students faced the hard challenges, their
learning performances were lower than those in easy one.

Table 5. Results of descriptive statistics.

Test Control Group (M/SD) Experimental Group (M/SD)

Posttest1(easy) 3.44 (1.33) 4.33 (0.50)

Posttest2(medium) 3.56 (1.24) 4.33 (0.71)

Posttest3(hard) 3.11 (0.78) 4.22 (0.83)

Tables 6,7 and 8 summarize the results of one-way ANOVA. The findings indicated
that no significant difference existed in the posttest 1 (F = 3.51, p> 0.05) and posttest 2
(F= 2.69, p> 0.05) between the control and experimental groups.However, a significant
difference (F = 8.51, p < 0.05) was identified in the posttest 3 between the control and
experimental groups.

Table 6. Results of one-way ANOVA for the first scenario (Posttest1).

Posttest1 Sum of Square df Mean Square F p

Between groups 3.56 1 3.56 3.51 0.08

Within groups 16.22 16 1.01

Total 19.78 17

Table 7. Results of one-way ANOVA for the first scenario (Posttest2).

Posttest2 Sum of Square df Mean Square F p

Between groups 2.72 1 2.72 2.69 0.12

Within groups 16.22 16 1.01

Total 18.94 17
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Table 8. Results of one-way ANOVA for the first scenario (Posttest3).

Posttest3 Sum of Square df Mean Square F p

Between groups 5.56 1 5.56 8.51 0.01*

Within groups 10.44 16 0.65

Total 16.00 17
* p < 0.05

6 Findings of the Second Scenario

Table 9 shows the results of descriptive statistics. The findings indicated that students in
the experimental group performed better than students in the control group. However,
regardless of the type of the group, students’ performances in the medium level of the
test were better than those in other two tests.

Table 9. Results of descriptive statistics.

Test Control group (M/SD) Experimental group (M/SD)

Posttest1(easy) 3.11 (1.05) 4.00 (1.00)

Posttest2(medium) 3.67 (1.11) 4.11 (1.05)

Posttest3(hard) 3.11 (0.60) 4.00 (0.50)

Tables 10,11 and 12 summarize the results of one-way ANOVA. The findings
reported that there was no significant difference in the posttest 1 (F = 3.37, p> 0.05) and
posttest 2 (F = 0.75, p> 0.05) between two experimental groups. However, a significant
difference (F = 11.64, p < 0.01) was shown in the posttest 3 between the control and
experimental groups.

Table 10. Results of one-way ANOVA for the second scenario (Posttest1).

Posttest1 Sum of Square df Mean Square F p

Between Groups 3.56 1 3.56 3.37 0.09

Within Groups 16.89 16 1.06

Total 20.44 17
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Table 11. Results of one-way ANOVA for the second scenario (Posttest2).

Posttest2 Sum of Square df Mean Square F p

Between Groups 0.89 1 0.89 0.75 0.40

Within Groups 18.89 16 1.18

Total 19.78 17

Table 12. Results of one-way ANOVA for the second scenario (Posttest3).

Posttest3 Sum of Square df Mean Square F p

Between Groups 3.56 1 3.56 11.64 0.00**

Within Groups 4.89 16 0.31

Total 8.44 17
* * p < 0.01

7 Conclusion

Although the instructional tools were different in two educational experiments, the find-
ings from the two educational experiments confirmed that different types of instructional
strategies only produced different learning outcomes for a hard learning task. One pos-
sible explanation was that students needed visual aids to support their learning process
when solving higher-order thinking problems. In the lower-thinking challenges, visual
aids were not necessary. However, overall, visual aids still could support student to
engage in different levels of computational thinking tests. Because of the limited a sam-
ple size, the generalization of the findings of the study had a limitation. Future studies
may increase sample size to verify the effect of varied instructional strategies on students’
basic computational thinking skills.
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Abstract. This research was aimed to examine the internal and external validity
of the design and development of constructivist web based-learning environment
to enhance creativity thinking for undergraduate student with integration of ped-
agogy and neuroscience. The developmental Research Phase 2 Model Validation
was employed. The sample groups consisted of 9 experts who each 3 examined
the designing, media, and content, 27 students in Computer Education Program,
Faculty of Education at Roi-Et Rajabhat University. The results from the model
validation were revealed as follows. Firstly, the internal had 3 aspects of media,
content and design models there is quality and appropriate in accordance with
the theories and concepts in all elements. Secondly, for the external validation, In
terms of comparing learners’ creativity before and after learning with the web-
based learning environment, 1) the learners had creative thinking according to
Guilford principles [1] which are comprised of 4 areas: fluent thinking, flexible
thinking, initiative thinking, and careful thinking. 2) The results of comparing
learners’ creativity before and after learning showed that the students had higher
creative thinking after learning with statistical significance of .05. The results of
the electroencephalogram and its occurrence position during creative thinking of
the learners who used the web-based learning environment model showed the
alpha waves at frequency 7–13 Hz in the frontal lope at AF3, AF4, F3, F4, F7,
and F8 positions where creative thinking occurred. The results of different the
academic achievement between before and after learning showed that the learners
had a higher average score of academic achievement than before with statistical
significance of .05.
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1 Introduction

At the present time, the university education focuses on teaching students who learn
and develop themselves from classroom teaching from teachers. Students must learn
a lot of information that changes all the time because knowledge of information tech-
nology has changed all the time the change towards an economic society based on
knowledge and technology, along with epistemology that is believed that knowledge is
unstable and changes all the time [9]. In addition, the constructivism was applied to this
research. It focuses on building students’ knowledge by way of interaction with infor-
mation from various sources from the cognitive process linking the previous knowledge
to the new one. Teachers can help students improve the intellectual structure by manage-
ment of learning environments that enhances the students’ knowledge building process
by concordant merging the principle, theory and characteristic of technology media [2].

Aside from the constructivism, another key principle is promotes students tocre-
ative. According to the context of the course “Database Systems in Database Design”,
the context of various organizations or the needs of users in various organizations are
important, as the database can be designed to meet the needs of users. If an organization
has a database and wants to improve the database system to be complete, responsive and
efficient to use, the designer will have to redesign or modify the old database to improve
it to meet the needs of that organization. If the designer is to design a database system
in the context of the user’s desire for novelty and uniqueness, originality in the design
is important so that a new database that meets the needs of users can be created. It is
noted that designing database systems requires knowledge and understanding with the
focus on creative design to meet the needs of users in each context of the organization.
Such design is consistent with the ability of creativity in 4 areas: fluency, flexibility,
originality and elaboration [1].

Hence, this research aimed to develop Constructivist Web-based Learning Environ-
ment Model to Enhance Creativity Thinking for Undergraduate Student with Integration
of Pedagogy and Neuroscience.

2 Research Purposes

2.1 To Study the Internal Validity of the Design Elements: Contents, Instructional
Design, and Media

• The comparing learners’ creativity before and after learning with the Constructivist
Web-based Learning Environment Model.

• The comparing learners’ creativity before and after learning.
• Electroencephalogram and its occurrence position during creative thinking.
• The comparing academic achievement between before and after learning.
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3 Methodology

3.1 Research Design

The Model Research (phase 2: model Validation) [3] was employed in this study.

3.2 The Participantions

There were 3 experts for evaluation the quality of the simulation learning environment
in 3 domains, contents, media, and instructional design. There were 27 students of 2th

years in computer education program, faculty of education at Roi-et Rajabhat university
Thailand who are enrolled in the database system course of academic year 2020.

3.3 Research Instruments

For evaluation of constructivist web-based learning environment model to enhance cre-
ativity thinking for undergraduate studentwith integration of pedagogy and neuroscience
was used the model evaluation form to evaluate the quality in 3 domains as follows: con-
tents, instructional design, and media. For evaluation learner’ creative thinking were
used the learner’ creativity interview form and creativity test. Emotive epoc + for elec-
troencephalogram and its occurrence position during creative thinking of the learners
who used the web-based learning environment model.

3.4 Data Collection and Analysis

Internal validation: data were collected from the experts interview to evaluate the quality
of content, media andmodel designing. The interview combined interview questions and
research questions in accordancewith contexts, media andmodel designing from experts
of measurement and assessment.

External validation was 1) to compare the creativity of students pre- and post-study
with the learning environment model by conducting an interview with the students
using a creative interview form. Data were analyzed by protocol analysis, summary,
interpretation and description. The students’ creativity was measured by data analysis
using t-test dependent. 2) The students’ EEG was measured at the position where it
occurred while performing creative tasks. Data were analyzed by converting the time
domain to the frequency domain using the fast fourier transform equation.

4 Results

4.1 The Result of Internal Validation

The result of internal validation showed that the seven components of constructivist
web-based learning environment model have the consistency according to the synthesis
of a theoretical framework and conceptual framework for designing and developing the
constructivistweb-based learning environmentmodel. Due to the result of the evaluation,
the constructivist web-based learning environment model had internal validity. From
these internal results showed that internal validity of theoretical framework, designing
framework and learning environment was consistent with the previous research.
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4.2 The Result of External Validation Shows as Follows

According to the comparison of the students’ creativity pre- and post-study with the
learning environment model based on the creative thinking interview questionnaire, it
was found that (1) in terms of fluency, the students were able to identify up to 8 data that
should be stored in the library database system pre-study and up to 16 data post-study.
Therefore, the students improved their creativity in thinking in terms of fluently post-
study. (2) In terms of flexibility, the students were unable to come up with an answer in
finding a relational database table structure to substitute for storing library data to achieve
the goal pre-study. However, the students were unable to come up with an answer in
finding a relational database table structure to substitute for storing library data to achieve
the goal post-study. Therefore, the students improved their creativity in thinking in terms
of flexibility post-study. (3) In terms of originality, the students had no ability to take
initiative and were unable to design a new library database system to be unique pre-
study. However, the students had ability to take initiative and were able to design a new
library database system to be unique post-study. Therefore, the students improved their
creativity in thinking in terms of originality post-study. (4) In terms of elaboration, the
students were unable to improve the concept of the motorcycle rental shop database
based on the existing database to be more complete pre-study. However, the students
were unable to improve the concept of the motorcycle rental shop database based on the
existing database to bemore complete post-study. Therefore, the students improved their
creativity in thinking in terms of elaboration post-study.comparative results of creative
thinking obtained from the creativity assessment pre-and post-study.

Table 1. Comparison of creativity scores pre- and post-study

Group N X S.D. T sig

Pre 27 7.52 1.90 12.20 .00

Post 27 13.59 1.64

According to Table 1, When comparing the creativity scores pre- and post-study, the
pre-study score was x= 13.59, S.D.= 1.64, and the post-study score was x= 7.52, S.D.
= 1.90. It can be concluded that the creativity scores post-study were higher that those
pre-study with the statistical significance of .05.

4.3 Results of the Study of EEG and Its Position During the Students’ Creative
Tasks Performance

In the study of EEG and the position during the students’ creative task performance fol-
lowing the constructivist web-based learning environment model, Even Related Poten-
tials (ERP) was used as a stimulus that required cognitive processes in response to brain
electrical signals in the form of digital signals which were then recorded into a computer
with Emotiv EPOC+. The data from the time axis were converted to the frequency axis
to see where and what frequency of the EEG was generated. The study found that while
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performing creative tasks, Alpha waves were formed in the frontal lope of the brain at
the positions AF3, AF4, F3, F4, F7 and F8, which are the brain regions that control
thinking, memory, intelligence, and problem solving, and creative thinking.

4.4 Students’ Learning Achievement Pre- and Post-study

Table 2. Comparison of students’ learning achievement pre- and post-study

Group N X S.D. T sig

Pre 27 7.63 1.90 28.67 .00

P ost 27 16.81 1.98

According to Table 2, When comparing the students’ learning achievement scores pre-
and post-study, the post-study score was x= 16.81, S.D.= 1.98, and the pre-study score
was x = 7.63, S.D. = 1.82. It can be concluded that the students’ learning achievement
scores post-study were higher that those pre-study with the statistical significance of .05.

5 Conclusion and Discussion

5.1 The Results of the Internal Validation

The results of the internal validation from the evaluation of the experts in media and
model design found that the constructivist web-based learning environment model had
the quality in every component of the model and were consistent with the theoretical
framework and conceptual framework for designing and developing the constructivist
web-based learning environment model.

5.2 The Results of the External Validation Are as Follows

The comparison of creative thinking pre- and post-study based on the creative
thinking interview form showed that the students were more creative after learning than
before because the after studying the students were able to modify, adjust and replace
different functions, as well as creating novelty. In addition, they were able flexible
and elaborate in improving the database. This result is consistent with the research
by Jarunee Samat [4] which found that the students’ creativity consisted of fluency,
flexibility, originality and elaboration and that the learning environment could promote
the students’ creativity.

The results of comparing students’ creativity before and after learning showed
that the students had higher creative thinking after learningwith statistical significance of
.05. This is consistent with research by Sumalee Chaijaroen, Issara Kanjug and Charuni
Samat [5] Jarunee Samat [4] which found that the target group in the study had higher
creativity scores post-study with the statistical significance of .05.
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The results of the electroencephalogram and its occurrence position during
creative thinking of the students who used the web-based learning environment model
showed the alpha waves at frequency 7–13 Hz in the frontal lope at AF3, AF4, F3,
F4, F7, and F8 positions where creative thinking occurred. This is consistent with the
research by Pornchai Duangthongsuk, Suchada Kornphetpanee and Prachya Kaewkaen
[6] Saskia J., Andreas F., Marcus R. and Daniela S. [7] which studied the emergence
of creativity with motivated success according to one’s mind and found that the alpha
waves (Alpha) were formed in the positions of AF3, AF4, F4, F7 and F8.

The results of different the academic achievement between before and after
learning showed that the students had a higher average score of academic achievement
than before with statistical significance of .05. This is consistent with the research by
Sumalee Chaicharoen, Prama Khwaeng Muang, Prachya Kaewkaen and Jarunee Samat
[8] which studied design and development of intellectual innovations that promoted
information processing by integrating teaching science and neuroscience. They found
that for the assessment of students’ learning achievement, the Pratomsuksa 5 students
of the school in the target group of 38 people had the score of x = 41.11, S.D. = 2.78
post-study, which was more than pre-study x = 3.92, S.D. = 2.56.
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Abstract. The purpose of this research is to synthesize the conceptual framework
for designing learning resources in a learning environment based onWeb-based of
constructive Theory. To enhance the solution for robot programming in secondary
grade 3. The Research is a documentary research And Survey Research. The qual-
itative data collection process is as follows. 1) The study of principles theories and
related research. 2) The study relevant context. 3) The synthesis of theoretical and
conceptual framework to design a learning environment in the learning network
developed by the constructivist to enhance problem-solving of programming a
robot for Students for secondary grade 3. On the basis of the Problem-solving
(Jonassen 1997) with the following steps: Step 1 Problem Representation, Step
2 Search for Solutions and Step 3 Implement Solutions. This is consistent with
the computer programming, (Thompson 1996a) which has the following steps.
1) Understand the problem. 2) Designing the program 3) Writing the program
and 4) Looking back. The result of research is concept of design resources in a
learning environment onweb-based a constructivist that enhance problem solving,
robot programming of consists. 1) Data bank 2) Experimental equipment 3) Robot
Information Center.

Keywords: Resources · Constructivist · Problem-solving · Robot programming

1 Introduction

Teaching and learning in secondary grade 3. Emphasis on teaching students to learn and
develop knowledge in the room by their teachers. Students need to learn the information
a lot both the information they have changed at all. Because the knowledge of informa-
tion technology is changing the progress all the time. The change to the socio-economic
knowledge base and technology aswell as philosophical knowledge (Epistemology). The
belief that knowledge is not fixed.it can change at any time. And the theory applied in the
design that corresponds to such characteristics. The Constructivist theory is focused on
creating the knowledge of the students. Through interaction with information from dif-
ferent sources. Through the process of thinking (Cognitive Process). There is a mapping
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between prior knowledge and new schema, then expanding the intellectual structure.
There is a mapping prior knowledge to new knowledge and expanding schema. Teach-
ers can help students adjust expand schema with the learning environment. To enhance
the knowledge of the students by Integrating both theoretical principles and features of
the media attribute technologies.

The reasons and importance of such. Therefore, Researcher the importance and the
need to design the learning environment on web based the constructivist that enhance
problem solving. Based on the development of theoretical frameworks, the principle of
theory related to the cognitive theory and the theory of constructivist and the study of
research related on problem solving Well-structure. To design and develop the learning
environment on web-based Focus on the students to develop solutions that are problem
solving well-structure. Enhancing teaching and learning management in line with 21st
century learning. It responds to national research policy in creating intellectual capital
and innovation. Encourage creative cooperation in society. Be Self-reliant To contribute
to building the foundations of a new economic base for innovation. As well as developed
in enhancing a problem solving.

The constructivist theory and important principles that enhance problem solving
to learners to learn efficiently is to use the resources. The Instructional Design (ID)
that allow students to take over their own learning transfer of knowledge from the
teacher. Because the instructor will need to provide a learning environment to enhance
problem solving about robot programming.And to facilitate the development of students.
The learning environment of learning resources to enhance the problem solving of this
student to create knowledge. By mapping the learner’s prior knowledge and creating
new knowledge from the learning task (Rachel 2002). The process to representation
problems of the students. (Problem space) Find solutions to problems by searching
through problem space that are cognitive processes (Jonassen 1997). So that students
get the recommended strategic approach for the problem solving. And support the efforts
of the learning environment with learning needs of learners (Hannafin 1999).

1.1 Problem Formulation

Students lack classification in the problem. They lackmapping to the sources of informa-
tion. Lack of logical relationship they do not understand the task. They can distinguish
problem from problem statement (Jonassen 1997). They lack the thought process to plan
the solution. And cannot show how to solve the problem well.

1.2 The Purpose the Study

The study was designed resource learning environment on web-based constructivist to
enhance Problem solving for robot programming in students Secondary grade 3.
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1.3 Method

The research model in this study was a documentary research consisting of research,
documents, principles and theories. Synthesis of the conceptual framework. It Show
in the manner of models that mapping the relationship between theoretical principles
and the elements of innovation. Designing a model of a learning environment based
on constructivist Web-based that enhance problem solving. The Study related research
Contextual of Problem Solving for Robot Programming and exploratory research to
Used collect qualitative data.

Target Group. Target groups in the study consists of designers (Designers), developers
(Developers) the assessors (Evaluators) researchers (Researchers) and students (Learn-
ers) are as follows: 1.) an expert inspection of the model include: 1) a content expert to
verify the direct linear content 3 people. 2) The design professionals who use the theory
as a basis (ID Theory) to examine the design and the development of the model 3 people.
3) Media experts to verify the quality of the media 3 people and 4) the expert assess-
ment to verify the quality of the tools used to collect the data 3 people. 2.) The students
secondary grade 3 in Hinlawungtor school and thairath84 of Khon Kaen Primary Educa-
tional Service Area Office 1 total 78 people and register in semester 1 of academic year
2562 To explore the context of teaching Characteristics of learners Contextual issues
And attitude learner for checking features of designer. The modern developers 1 people
to check the attributes of the Model Designer, environmental learning customer support.
5) Teacher in technology information communication subject 1 people for explore the
features of the instructor.

Data Collection and Analysis. Variable Design and Development of a Constructivist
Learning-Based Learning Environment Model that Enhance Problem Solving.

Benefits Expected

1. It is a design guideline based on ID Theory. Can be developed and adjusted to suit
the student’s needs to enhance problem solving in the context of students.

2. It is a guideline for designing a learning environment model based to enhance
Students in problem solving.

Measurement Research. The tools in this study. It is a tool used to synthesize theoretical
framework. Conceptual Framework Component Design Evaluation model for quality
inspection. Include:

1. Synthesis documents, conceptual frameworks, learning resources in learning envi-
ronment models that enhance problem solving for robot programming.

2. Assessment form for experts on the evaluation of conceptual frameworks, learning
resources in learning environment models that enhance problem solving for Robot
programming.
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Data collection. The data collected in this studywere collected from the tools used to syn-
thesize theoretical frameworks. Conceptual Framework Component design Evaluation
model for quality inspection. The following details.

1. Literature Review Analyses, theories, and research on the design of learning
resources by studying the principles and theories related to learning theory.

2. Contextual Study of Problem Solving in Robot Programming. For students Sec-
ondary Grade 3. Study the context of instructional management in order to study the
basics of problem solving of learners. This is the basis for designing the learning
resources.

3. Synthesis of design conceptual framework based on literature review and contextual
state of problem solving about robot programming for student secondary grade 3.

4. Conceptual Framework for Designing Learning Resources Offer expert review Cor-
respondence between conceptual framework, learning resources Theory is based
on the conceptual framework of the design criticizes and evaluates to suggests
improvements. The suggestions that have been updated and corrected.

Data Analysis. Analysis of data from the instruments used in the synthesis of theoreti-
cal concepts. Concept design element model to determine the quality evaluation model.
How to design and develop a model learning environment on the network. In this study,
a design approach based on theory (ID theory) as detailed analysis of the following: (1)
Theoretical framework. Methods Data were analysed using descriptive and analytical
summary interpretation. Based on the theoretical principles involved. Research papers
and from analysis of data from documents saved in the document. (2) The context of the
teaching of students. Methods Data were analysed using descriptive and analytical sum-
mary interpretation. According to the poll for the students about the context of teaching
(3) Frame design concept learning model learning environment on the network. Meth-
ods Data were analysed using descriptive analytical and abstract interpretation of data
relating to the synthesis of the theoretical data recorded in the synthesis of the concept
and context about teaching. (4) Design Resources the model learning environment on
the network. Methods Data were analysed using descriptive analysis and interpretation
of data in the summary record in the design and development of the model. (5) The
characteristics of those involved with the design and development of a model’s design,
including the development of the learners and instructors. Data were analysed by means
of a summary interpretation. From the data obtained from the survey design features
of the development of the learner and the instructor. (6) The assessment of the experts
about how to design a learning model learning environment on the network. Data were
analysed bymeans of a summary interpretation data obtained from the assessmentmodel
learning environment on the network. Experts are of the content andmedia design model
learning environment on the network (Fig. 1).
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Fig. 1. Collection of data from tools used to synthesize theoretical frameworks.

1.4 Results

The Conceptual framework for designing learning resources in a learning environ-
ment based on a constructivist Web-based that enhance problem solving for robot
programming in Secondary Grade 3 to consists.

1. Data bank. Consistency with design, such as intellectual treasure. Learning
Resources, Knowledgebase, etc.

2. The equipment is experimental. Tools that help in the creation of knowledge, such
as robotic experiments. Programming device simulation.

3. Information service robots (Robot Information Canter) is a collection. Information
on the study will be used to solve problems in the classroom in the first place. In
designing the learning is based on the principles, theories, including the theory of
schema or cognitive structure.

The design of information in a manner that is a network concept. Menthol theoretical
models are designed in such a way that the information is conceptual model theory of
information processing. New theory of stable loads allowing the learner to record senses.
Short-term memory Long-term memory and cognitive strategies (Cognitive strategies)
(Figs. 2 and 3).
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Fig. 2. Designing of resource synthesis framework of constructivist web-based learning environ-
ment to enhance the problem-solving for robot programming in secondary grade 3.

Fig. 3. Displays the knowledge resources screen on programming a robot controller.

1.5 Summary and Discussion

The design of learning resources in a constructivist learning environment to enhance the
problem solving about robot programming For Secondary Grade 3. Students was found
to consist of four basic elements: 1) Data bank 2) Experimental equipment and 3) Robot
Information Center.

The theoretical foundations of constructivist theory include Cognitive Construc-
tivist and Social Constructivist. Including a problem-solving framework about robot
programming. This study uses document research methodology. Focused review Ana-
lytical Theory and the context is relevant and synthesized into a theoretical framework.
This will be an important foundation for achieving the design goals. That can help both
to create knowledge and to problems solving about robot programming and the principle
of the theory.

Resources provide information to help learners find answers to use in a given problem
situation. Information is presented with a mind map showing the relationship of all
content understandable, work and support problem solving Graphics are used animation
with appropriate content.
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Abstract. The modern e-learning environment generates new types of students’
learning records, including their operation records in the learningmanagement sys-
tem. Recently, wearable devices and a variety of sensors have become common in
our daily life. By using these devices, we can access students’ information such as
heart rates and facial features. Previous studies [1, 2] have used the bioinformat-
ics data mentioned above to analyze students’ learning effectiveness. However,
these approaches only utilize partial information and the diversity of data has not
been put into consideration. This paper tries to better address this inefficiency
by proposing an Analytic Hierarchy Process (AHP)-based model integrated with
professional expertise in education. With this model, lecturers can customize the
selection and importance of the criteria according to the used teaching strategy.
Then, AHP4Edu can analyzes students’ learning effectiveness scores from the
sub-scores of the sub-criteria specified by an expert or a lecturer. We present sim-
ulations on assessing students’ learning effectiveness for distance learning. We
also demonstrate how AHP4Edu integrates heterogeneous data and provides a
reliable learning effectiveness assessment for the lecturer.

Keywords: Learning effectiveness · Analytic hierarchy process · Multi-criteria
decision-making approach

1 Introduction

When students feel lost in a learning process, they may not know what they learn nor
how to apply what they’ve learned to actual cases. If a lecturer can manage how his/her
students are learning in real-time, the lecturer can adjust his/her teaching strategy imme-
diately. Thus, assessing students’ learning effectiveness and reporting back to a lecturer
is essential for promoting students’ learning success.

In 2016, a Learning Analytics approach [3] was introduced by Khalil and Ebner to
depict a life cycle for optimizing the learning effectiveness of students [4]. The cycle
defines the measurement, collection, analysis, and reporting of data about students and
their contexts so that students can leverage the analyzed results to understand how they

This work was supported in part by Ministry of Science and Technology of Taiwan (Grant No.
107-2511-H-009-005-MY3).

© Springer Nature Switzerland AG 2021
Y.-M. Huang et al. (Eds.): ICITL 2021, LNCS 13117, pp. 196–205, 2021.
https://doi.org/10.1007/978-3-030-91540-7_22

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-91540-7_22&domain=pdf
http://orcid.org/0000-0001-7618-0114
https://doi.org/10.1007/978-3-030-91540-7_22


AHP4Edu: An AHP-Based Assessment Model for Learning Effectiveness 197

learn. With the feedback of students’ learning effectiveness, a lecturer can discover
students with learning difficulty at the earliest stage and figure out which parts of the
lecture need more explanations. To analyze and report the learning effectiveness, we
design an AHP-based student’s learning effectiveness analysis model (AHP4Edu) to
help lecturers manage students in the classroom.

The remaining sections of the paper are organized as follows. In Sect. 2, we introduce
the structure of AHP4Edu. In Sect. 3, we apply AHP4Edu to distance learning and
conduct several simulations to validateAHP4Edu.Then,we conclude the paper inSect. 4.

2 AHP4Edu: An AHP-Based Learning Effectiveness Analysis
Model for Education

AHP is a multi-criteria decision-making approach proposed by Thomas L. Saaty. The
decision-making factors are arranged in a hierarchical structure. AHP lists all alternatives
for evaluating the sub-criteria, criteria, and the final goal presented at different layers
in the hierarchical structure to make a proper decision, as illustrated in Fig. 1. AHP
is composed of three steps: hierarchy construction, pairwise comparison, and score
determination.

Generally, a lecturer can assess student’s learning effectiveness by giving quizzes,
assigning homework, or offering one-on-one interviews. There aremany complex factors
when assessing a student’s learning effectiveness. Giving a quiz or assigning homework
cannot fully assess learning effectiveness because quizzes and assignments can only
test the performance without considering other factors like engagement and motivation.
Although interviewing each student can evaluate engagement and motivation, it takes
much human work.

We design AHP4Edu to reduce human work and consider more factors upon assess-
ing student’s learning effectiveness. We divide the analysis of learning effectiveness
into several independent sub-problems. For each sub-problem, lecturers can determine
the corresponding criteria and their magnitudes through a pairwise comparison. With
such, AHP4Edu can be dynamically adjusted to adapt to different teaching methods, like
distance learning and blended learning.

2.1 Hierarchy

The hierarchy of AHP4Edu is composed of four layers (as shown in Fig. 1).

– Layer 1 is the goal, the Learning effectiveness.
– Layer 2 is the criteria for assessing the goal (Learning effectiveness). The criteria is
recommended by educational experts.

– Layer 3 is the sub-criteria that may affect the criterion at Layer 2. The value of each
sub-criterion may come from quizzes, homework, questionnaires, wearable sensors,
camera, etc.

– Layer 4 represents the alternatives (i.e., the students to be assessed).
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The weight of a link between a node and its parent node represents the relative
importance between the two nodes. For a node with n (n > 1) children, the sum of the
corresponding n links is 1. AHP4Edu evaluates every student represented at Layer 4
according to the sub-criteria at Layer 3. Then, AHP4Edu multiplies each score of the
sub-criterion with the corresponding link weight and sums up the scores to derive the
score of the criterion at Layer 2. The process repeats until AHP4Edu obtains the score
of the final goal at Layer 1.

Fig. 1. Generic hierarchy of AHP4Edu

For evaluating the learning effectiveness of students, AHP4Edu considers the
following criteria and the corresponding sub-criteria:

– Course suitability: This criterion evaluates the suitability of a course, a class, or an
activity specified by a lecturer. The criterion can be assessed through several sub-
criteria, such as the difficulty of course content and the teaching strategies.

• Difficulty: AHP4Edu classifies the difficulty of the content as hard, moderate, and
easy. The sub-criterion is either specified by the lecturer or self-evaluated by a
student on a questionnaire.

• Teaching strategies: Everyone has its own way of learning. When a student’s
learning style matches the lecturer’s teaching strategies (such as direct instruction,
flipped classroom, game-based learning, problem-based learning, etc.), the student
can have better learning effectiveness. AHP4Edu assesses this criterion through
questionnaires.

– In-class status: Experienced lecturers usually evaluate students’ in-class physiological
and mental status and adjust the teaching pace accordingly. Similarly, APH4Edu
evaluates the criterion in terms of their energy, attention, and emotion.
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• Energy: This sub-criterion classifies a student’s energy levels into awake and sleepy.
According to the research results presented by Jo et al. [5], AHP4Edu estimates
the sub-criterion by measuring student’s heart rates. The longer the time AHP4Edu
detects a student as awake, the higher energy level the student obtains for this
sub-criterion.

• Attention: The sub-criterion classifies a student’s attention into concentrated and
distracted. AHP4Edu evaluates student’s attention by counting how long the student
is “looking at” the lecturer, the blackboard, or the projection. If a student concen-
trates in a class, the student may swing his head just slightly. We infer the degree
of head swing to the score of Attention.

• Emotion: AHP4Edu characterizes the emotions as independent dimensions, which
includes arousal and valence. Arousal is the intensity level of emotion, ranging from
calm (low) to excited (high), whereas valence is the pleasantness defined from
negative to positive. Positive emotions have been correlated with more effective
cognitive processing [6, 7], while negative emotions show otherwise. In AHP4Edu,
students with the highest arousal and positive valence get the highest score in
Emotion.

– Engagement: Learning engagement represents a student’s voluntary participation in
course activities. The more a student engages in a class, the more positive effects
the student can obtain from the class. Such a criterion reveals students’ willingness
to engage and acquire more knowledge or skills. AHP4Edu estimates a student’s
engagement in terms of discussion,material reviews, announcement views, and energy
(heart rate).

• Discussion: The more frequently a student asks questions, the more the student
understands about the topic. AHP4Edu evaluates the sub-criterion by the frequency
a student comments on a forum.

• Material reviews: The more time a student spends on the material, the more knowl-
edge he/she can learn from it. AHP4Edu evaluates this sub-criterion by measuring
how long and how frequently a student reviews the material.

• Announcement views: The sub-criterion represents the time and frequency a stu-
dent spends on checking the announcements of a course. AHP4Edu evaluates
this sub-criterion by counting how long and how frequently a student checks the
announcements.

• Energy: In some teaching methods, like online teaching, energy may be considered
a feature representing students’ learning engagement [8]. We count the mental
energy when estimating the learning engagement.

– Performance: The student’s performance may reflect the success of his/her learn-
ing. AHP4Edu evaluates such a criterion in terms of the grades of quizzes,
homework/assignments, and hands-on practice.

• Quiz: The grade of a quiz directly reflects how a student learns.
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• Homework: The grade of homework or an assignment may reflect how much a
student learns from the given lectures and how much a student understands for
applying the learned concepts to a problem.

• Hands-on practice: The grade of hands-on practice (such as laboratory work and a
term project) represents the ability to realize and implement what the student has
learned.

– Motivation: Motivation gives essential supports to a student to help him/her overcome
the barriers in learning. AHP4Edu estimates such a criterion in terms of self-efficacy,
self-adjustment, extrinsic motivation, and intrinsic motivation.

• Self-efficacy: Self-efficacy represents the perception of a student’s own ability to
learn successfully in this course.

• Self-adjustment: This criterion represents how much a student can adjust him-
self/herself in response to the change of the learning environment.

• Extrinsic motivation: Extrinsic motivation represents explicit rewards offered by
a lecturer to encourage students to participate in class activities or achieve better
performances.

• Intrinsic motivation: Intrinsic motivation represents the internal rewards gained by
the student by inspiring himself/herself to achieve better performances in class.

2.2 Pairwise Comparison

Apply AHP4Edu to assess students in class, a lecturer can choose some criteria and sub-
criteria mentioned in Fig. 1. The lecturer can also change the link weights to emphasize
some sub-criteria or criteria during the assessment. Figure 2(a) shows an example hier-
archy of AHP4Edu. In the figure, G at Layer 1 is the goal of assessment and n criteria
(Ci, i = 1, 2,…, n) at Layer 2 are chosen for the assessment. Each criterion Ci has m
sub-criteria Si, j, where j = 1, 2,…, m. The weights of Ci to the goal G are expressed as
ui, while the weights of Si, j are expressed as wi, j to its criteria Ci.

As mentioned in the previous section, the link weights are initialized by educational
experts. Experts can assign the link weights to the sub-criteria and criteria by comparing
the importance of any two criteria in AHP4Edu. We provide a guideline (Fig. 2(b)) for
specifying the importance of criteria. If criterion C1 is more important than C2, then a12
in Fig. 2(c) will be assigned a value between 1 to 9, where the larger value represents
greater importance. Otherwise, a12 should be assigned a value between 1

9 to 1.
Unfortunately, inconsistency may occur if an expert assigns weights to too many

criteria or sub-criteria. For example, inconsistency occurs if C2 : C3 �= a13
a12

. To ensure
the consistency of the criteria and sub-criteria, AHP4Edu uses comparison matrix A to
approximate the real weights. AHP4Edu gets the principle eigenvector e of A by solving
Ae = λmaxe, where the element ei of e is proportional to weight ui. Then, AHP4Edu
normalizes e by making the summation of all elements 1. To achieve this, AHP4Edu
divides each element of e by the summation of all elements and obtains the weight ui
(ui = ei∑

i ei
). The pairwise comparison is applied to the whole hierarchy of AHP4Edu to

obtain the weights of criteria and sub-criteria, as shown in Fig. 2(d).
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Fig. 2. Determination of link weights

2.3 Score Determination

AHP4Edu assesses students’ learning effectiveness by assigning each student as an alter-
native at Layer 4. For every student, AHP4Edu estimates his/her learning effectiveness
and derives the score of G by the following equation:

G =
∑

i

(

ui
∑

j

(
wi,j × vi,j

)
)

(1)

Equation (1) limits the final score in [0, 100] through two restrictions. The weight ui and
the value of inner summation follow Rule 1 and 2:

– Rule 1:
∑

i ui = 1
– Rule 2: For all i, the value of

∑
j

(
wi,j × vi,j

)
are in range [0, 100].

3 Apply AHP4Edu to Distance Learning: Simulation

AHP4Edu can be adjusted to any teaching method (distance learning, online learning,
blended learning, etc.) and customized according to the lecturer’s needs. This section
explains how to apply AHP4Edu to assess students taking a distance course.

Hierarchy Construction. Before constructing AHP4Edu for distance learning, we col-
lect observations from educational experts to identify the criteria for assessing students’
learning effectiveness and determine the relative importance of the criteria. Taking the
following two observations for example, we identify 4 sub-criteria (under 3 criteria)
in assessing learning effectiveness for distance learning: Teaching strategy, Emotion,
Attention, and Discussion. Then, we build up the hierarchy for distance learning.
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"Student A is taking Economics in his dormitory. The lecturer is giving direct instructions 
(Teaching strategy). Since the explanations can be found in the course slides, Student A does 
not pay much attention to the lecture (Attention). Student A spends some time on his comic 
books and smiles when reading something funny (Emotion). Student A raises his head when 
there is a silent period or when the lecturer asks students to pay attention. Student A feels nerv-
ous when the lecturer asks a question (Emotion). He may feel embarrassed if he cannot answer 
the question correctly.

Student B loves the psychology online course. He pays attention to the lecture (Attention) and 
smiles when he learns something new (Emotion). Student B always feels nervous when the 
lecturer is asking a question (Emotion), and thus he is too shy to answer questions in class. He 
tries to answer questions by typing messages in the chat room (Discussion). Student B is the 
one who left the most messages in the chat room (Discussion)."

Fig. 3. A simplified AHP4Edu for distance learning

Pairwise Comparison. The second step is to compare the criteria and calculate their
weights in pair. Again, we invite education experts to give the pairwise comparison for
AHP4Edu for distance learning (see Fig. 3(a) and (c)).

In this case, the In-class status (5) is more critical than Course suitability (1), Course
suitability (1) is equally vital to Engagement (1), while In-class status (5) is more critical
than Engagement (1). Then, we can obtain the comparisonmatrix accordingly and derive
the normalized eigenvector of thematrix (Fig. 3(b) and (d)). Finally, we get theweights of
the criteria: Course suitability 0.14, In-class status 0.72, and Engagement 0.14. Similarly,
we obtain the weights of the sub-criteria of In-class status, where Attention is 0.75 and
Emotion is 0.25 (see Fig. 3(e)), and build up the simplified AHP4Edu for distance
learning (Fig. 3(f)).

Score Determination. The final step is to determine the scores of the above criteria and
sub-criteria. Taking the above observations of Student A and Student B as examples,
4 scores should be used to assess students’ learning effectiveness: Teaching strategy,
Attention, Emotion and Discussion.
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– Teaching Strategy & Discussion: The lecturer gives questionnaires to both students
to know if the teaching strategy meets students’ learning styles. In this case, Student
A thinks that direct instruction helps less for his learning because he can learn the
contents from the lecturing slides. Student B shows high interest in the lectures.
Suppose the lecturer estimates high interests as 100 and low interests as 33. Student
A and Student B get 33 and 100 for Teaching strategy, respectively. Second, Student
A feels bored during the lecture and is not active in the forum, while Student B likes
to post messages on the forum. Hence, when analyzing the logs of the forum, Student
A gets a score of fewer discussion (33), and Student B gets a score of more discussion
(100).

– Attention: AHP4Edu evaluates Attention using students’ facial angles [9]. DBSCAN
(Density-based Spatial Clustering of Applications with Noise) is adopted to transform
the facial angle to an attention score. In the case, we set the eps of DBSCAN to 3 and
the minPts to the number of total points divided by 30. Then, we obtain the attention
scores of 32.66 and 89.02 for Student A and Student B, respectively (see Fig. 4).

Fig. 4. Converting facial angles to attention scores

– Emotion: For analyzing the emotion, AHP4Edu converts facial images [9] to arousal
and valence. We set the bounds of positive, neutral, and negative emotion to 0.25 (see
Fig. 5). We define three parameters for converting arousal and valence (ar, va) to
Emotion score: the base value of neutral emotion (bneutral), amplifier of positive emo-
tion (ampp) and amplifier of negative emotion (ampn). Then, we apply the following
equation (Eq. (2)) to calculate the mean value of (ar, va)s as the Emotion score.

Emotion score = mean(m), where

m =

⎧
⎪⎨

⎪⎩

bneutral +
√
va2 + (ar + 1)2 × ampp, if va > δ

bneutral, if − δ ≤ va ≤ δ

bneutral +
√
va2 + (ar + 1)2 × ampn, if va < −δ

(2)

Figure 5 shows the simulation results, where the blue points represent the positive
emotion whose valence is greater than 0.25; the red points show the negative emotion
whose valence is smaller than−0.25; and the green points represent the neutral emotion.
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Obviously, StudentB hasmore blue points and gets a higher score of 83.61,while Student
A gets a smaller score of 42.33 for emotion.

Fig. 5. Transforming valence and arousal of facial images to emotion scores (Color figure online)

After that, we can calculate the scores using Eq. (1) and obtain 35.08 and 94.42 as
the scores of In-class status for Student A and B, respectively. If Student A receives a
score of 33 on Teaching strategy and 77.78 on Discussion, Student B gets 100 and 94.70
on Teaching strategy and Discussion, we can come out with the final scores (learning
effectiveness) for both students as 42.08 and 90.38.

4 Conclusion

We design a 4-layer AHP-based model, AHP4Edu, to evaluate the students’ learning
effectiveness. We invite several educational experts to brainstorm and determine the
criteria required for evaluating students’ learning effectiveness in different teaching
methods. AHP4Edu provides a flexible framework to consider and hold complicated
criteria for assessing learning effectiveness. A lecturer can customize the selection
and weights (importance) of criteria according to the chosen teaching strategy. The
customized weights can better estimate the learning effectiveness of students for the
lecturer.

In the paper, we demonstrate how to applyAHP4Edu to distance learning and present
simulations to prove the feasibility of AHP4Edu. Assessment results derived by our
model can reflect the learning situation of students. The simulation results show that
AHP4Edu can integrate heterogeneous data and provide lecturers with a reliable learning
effectiveness assessment. For now, we only show the functionality of AHP4Eud with
simulated data. We plan to apply AHP4Edu to an actual class in the next step.

AHP4Edu is the first step of our endeavor to decompose a complicated problem
(assessing learning effectiveness) into measurable elements (heart rate, emotion, atten-
tion, teaching strategy, motivation, and engagement) and analyze them independently.
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For the sub-problems or factors impacting each other, we can introduce neural networks
or other analytical approaches as sub-models into AHP4Edu to make the assessment
more complete.
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Abstract. The flipped learning model is a blend of digital technology solutions.
To be used as a tool for learning design that focuses on enhancing knowledge
construct, and creative thinking of students. This study was aimed to a designing
framework for flipped classroom learning environment model. The target group
consisted of 5 experts for this designing framework. This study employed phase
1 of model research, which was design process phase. Document analysis, survey
methods were used to collect qualitative data and analyze data by interpreting
and concluding. The results in 3 aspects revealed that 1) Synthesis of theoretical
framework for flipped classroom learning environmentmodel consists of 6 theoret-
ical bases: psychology base, pedagogical base, creative thinking base, technology
and media base, neuroscience base, and context of school base. 2) Synthesis of
designing framework for flipped classroom learning environment model. There
are 5 stages of the learning process which are separated into 2 stages Out-of-class
activity and 3 stages of In-class activity. In the assessment of a designing frame-
work for flipped classroom learning environment model by the experts, there is
a correspondence between the theoretical principles that were used as the basis
of creating the compositions, and the functions of the elements accounted for
84.68%. The elements of the Out-of-class were 82.5%, and the elements of the In-
class were 86.87%. It is appropriate to enhance knowledge construction, creative
thinking of learners.

Keywords: Flipped classroom · Creative thinking · Constructivist · Learning
environment model

© Springer Nature Switzerland AG 2021
Y.-M. Huang et al. (Eds.): ICITL 2021, LNCS 13117, pp. 206–218, 2021.
https://doi.org/10.1007/978-3-030-91540-7_23

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-91540-7_23&domain=pdf
https://doi.org/10.1007/978-3-030-91540-7_23


A Designing Framework for Flipped Classroom Learning Environment 207

1 Introduction

Economic development based on the use of creative knowledge, and the integration of
technology and innovation is an economic value-adding that emphasizes the competition
of a creative economy. This competition has caused the need for creative workers, which
is necessary for the 21st century [1]. The required competencies of the workers in the
21st century are the abilities of analytic thinking, creative thinking, communication, and
cooperation. Education is a crucial way to enhance learners to have abilities and desired
characteristics, which lead to a new paradigm of education [2]. According to epistemol-
ogy, knowledge is changeable because the information is increased and changes all the
time. Therefore, knowledge from teachers in classrooms may not be adequate.

However, the study revealed that learners were lack of creative thinking, inquiry, and
knowledge construction, which were important thinking skills of learners. Flipped learn-
ing model is a learning form that is combined with the application of digital technology.
Flipped learning model is also used as a tool to design appropriate learning for learners,
which focuses on learners’ differences and changeable styles of classroom teaching [3].

Furthermore, there is a relation with constructivist theory that promotes inquiry and
knowledge construction, and learners’ divergent thinking. Divergent thinking is multiple
thinking; such as ways, aspects, and views, that can lead to a new invention and discover
how to solve problem. There are four abilities of thinking, which are fluency, flexibility,
originality, and elaboration [4, 5]. All four thinking abilities are involved in product
design course that promotes learners’ creative thinking and learning by doing in order
to design innovative products that are able to use in daily life.

2 Literature Review

2.1 Flipped Learning Model

Flipped learning model is designed and developed by Jonathan Bergmann and Aron
Sams [6]. It is a form of learning management emphasized on a shift of teachers’ and
learners’ roles from being passive learners whom teachers explain and deliver everything
in classrooms to be active learners who discover and inquire knowledge by themselves
through learning technology materials provided by teachers. Moreover, the teachers will
bring what the learners have learned outside classrooms to be classroom activities. For
doing classroom activities, the teachers will be the coach to give learners. Consequently,
the teachers and learners interact with one another and interact with various forms
of effective and new technology, which encourage the learners to learn anywhere and
anytime [7].

2.2 Creative Thinking

Creative thinking of Guilford [4]. The American psychologist believes that this is the
development of the structure of Intellect by consisting of 3 thinking dimensions as oper-
ation categories, content categories, and product categories. Divergent thinking can lead
to inventing or creating well as finding concepts or solutions to solve the problem suc-
cessfully. Creative thinking is defined as fluency, flexibility, originality, and elaboration
[2, 5].
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2.3 Constructivist Theory

Constructivist theory is theory stated that learners discover and construct knowledge by
themselves. This theory focuses on learner’s schema by linking their prior knowledge
to new experience, context, and also new information to construct new knowledge on
their own. This is called cognitive structure constructivist theory also promotes social
interaction among learners to share what they have learned with one another toward
language, society, and culture. Constructivist theory is divided into 2 groups, which are
Cognitive constructivism [8] and Social constructivism [9].

3 Purposes

This study was aimed to a designing framework for flipped classroom learning environ-
ment model combined with augmented reality to enhance creative thinking in product
design for high school students.

4 Methodology

4.1 Scope of Research

The Model research was employed [10]. This is to intensively study the process of
design and development model. In this study, research phrase 1 model development was
implemented to present the results of the development process; synthesis of theoret-
ical framework, synthesis of designing framework, and evaluate the efficiency of the
designing framework of flipped classroom learning environment model [11].

4.2 Target Group of the Study

The target group used in this research is an expert in the designing framework for flipped
classroom learning environmentmodel. To check the quality of the learning environment
model. Based on the theory (ID theory), 5 experts are professors in higher education
institutions.

4.3 Research Design

Research Phrase 1 Model development was employed by survey research.

4.4 Research Instruments

The instruments in this study are as following details: 1) Document examination and
analysis recoding form to synthesize of theoretical framework. 2) Recoding form to
synthesize of designing framework of flipped classroom learning environment model.
3) Evaluation form for the experts used in the designing framework of flipped classroom
learning environment model.
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4.5 Data Collection and Analysis

The researchers collected the data as follows: 1) Synthesis of theoretical framework and
elements of flipped classroom learning environment model. The data were collected by
analyzing principles, theories, related research of the constructivism theory, cognitive
theory, flipped learning model, pedagogy, technology and media, neuroscience, and
context of school. 2) Synthesis of designing framework based on the theatrical framework
was analyzed by data interpreting and using of descriptive analysis on the framework
synthesis recording form. 3) Evaluate of flipped classroom learning environment model
by experts. The analytical description, summarization, and interpretation were used to
analyze the data.

5 Results

5.1 Synthesis of Theoretical Framework

The results show that the theoretical framework of flipped classroom learning environ-
ment model is comprised of 6 theoretical bases were as follows: 1) Psychology base. 2)
Pedagogical base. 3) Creative thinking base. 4) Technology and media base. 5) Context
of school base [12, 13]. (see Fig. 1).

Fig. 1. Theoretical framework for flipped classroom learning environment model.
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5.2 Synthesis of Designing Framework

The results show that the designing framework of flipped classroom learning environ-
ment model. There are 5 stages of the learning process which are separated into 2 stages
Out-of-class learning following; Knowledge acquisition (Pre-class), Knowledge sharing
(Post-class), and 3 stages of In-class learning following;Knowledge transfer, Knowledge
construction, Knowledge reflection [14, 15] (see Fig. 2).

Fig. 2. Design framework for flipped classroom learning environment model.

Out-of-class learning having used to be the basis of a designing framework for
flipped classroom learning environment model consists of 2 learning processes follow-
ing; 1) Knowledge acquisition is pre-class learning that aims to learn of individual
learners in seeking knowledge and building self-knowledge which is a time for students
who have studied knowledge about the subject matter learned and perform pre-learning
tasks at flipped classroom learning environment model based on theoretical principles,
consisting of (1) Activating of cognitive structure and creative thinking. (2) Support-
ing for adjusting of cognitive equilibrium. (3) Enhancing for knowledge construction
and creative thinking. (4) Supporting and enhancement for constructing knowledge. 2)
Knowledge sharing is post-class learning that focuses on exchanging knowledge and
social interaction with classmates after learners have learned in class learning, which is
the creation of knowledge gained from reviewing knowledge of the subject matter from
what has been learned with the flipped classroom learning environment model based
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on theoretical principles, consisting of Enhancing knowledge construction and creative
thinking.

In-class learning having used to be the basis of a designing framework for flipped
classroom learning environment model consists of 3 learning processes: 1) Knowledge
transfer is learning that occurs during the classroom that aims to previous knowledge
before pre-class with new information which is a time for students to learn and doing
learning tasks. It is group learning in a class together between learners and the teacher
acts as a consultant (Coaching) based on theoretical principles consisting of Activating
of cognitive structure and creative thinking. 2) Knowledge construction is a search for
additional information for learners. To use the solution from problem based during class,
which is the nature of the pursuit and knowledge construction through learning with the
Flipped classroom learning environmentmodel based on theoretical principles consisting
of (1) Supporting for adjusting of cognitive equilibrium. (2) Enhancing for knowledge
construction and creative thinking. (3) Supporting and enhancement for constructing
knowledge. 3) Knowledge reflection is a reflection of knowledge understanding and
summarizing the knowledge of learners during class leads to knowledge construction
and creative thinking which is to control their own learning activities through learning
with the FlippedClassroomLearningEnvironmentModel based on theoretical principles
consisting of enhancing for knowledge construction and creative thinking as shown in
Table 1.

Table 1. Design framework for flipped classroom learning environment model.

Design framework for flipped classroom learning environment model

Out of class Cognitive process Key elements In-class

Pre-class
1. Knowledge
acquisition

– Activating cognitive
structure, creative
thinking. Based on
Cognitive constructivism [8],
it is believed that “learners’
knowledge construction
through action.” Knowledge
arises from linking previous
knowledge with new
experiences. Which the
problem-based aims to
promote creativity based on
the principles of Creative
thinking [4]

– Problem-based & Task. It
is an element that activating
cognitive structure, creative
thinking. Pre-class and
During-class where the
stories and problems are
presented in an authentic
context those students will
face. Task, which promotes
creative thinking

During-class 1.
Knowledge transfer

(continued)
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Table 1. (continued)

Design framework for flipped classroom learning environment model

Out of class Cognitive process Key elements In-class

– Supporting for adjusting
of cognitive equilibrium,
creative thinking. Based on
the Information Processing
theory [16], designed
learning resources for
learners. To use in the
problem “Problem based &
Task.” It is based on CLEs
Model [17] principles to
design related cases in cases
where students have
insufficient experience in
solving problems. To create a
problem-solving thinking
model and can link
principles or knowledge in
solving problems used for
problem solving

– Resource room. It is an
elements that supporting for
adjusting of cognitive
equilibrium, creative
thinking. Pre-class and
During-class were for
search for relevant
information in the form of
text, concept, and learning
videos for use in knowledge
construct and answering
learning tasks
– Related cases room. It is
an elements that supporting
for adjusting of cognitive
equilibrium, creative
thinking. Pre-class and
During-class were for
learner’s novice with
insufficient,
problem-solving experience

During-class
2. Knowledge
construction

– Enhancing knowledge
construction, creative
thinking. Based on OLEs
model to design process
tools [18]. That supports the
cognitive processes of
learners, which will lead to
knowledge creation. It is
based on Guilford’s
Principles of Creative
Thinking [4], which is
designed to encourage
students’ Creative thinking

– Cognitive tools room. It is
an element that enhancing
knowledge construction.
Pre-class and During-class
for collect tools used to
support the knowledge
building of learners. To use
for searching data collection
communication creation and
integration
– Creative thinking room.
It is an element that
promotes Creative thinking.
Pre-class and During-class
for students based on
Creative thinking
– Collaboration room. It is
an element that enhancing
knowledge construction,
creative thinking.
During-class for
exchanging knowledge or
opinions with friends,
teachers, and experts to give
multiple perspectives

(continued)
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Table 1. (continued)

Design framework for flipped classroom learning environment model

Out of class Cognitive process Key elements In-class

– Supporting and
enhancement for
constructing knowledge.
Based on Social
constructivism [9], if learners
are below the Zone of
proximal development, they
cannot learn on their own
and need help. However, the
design to help build
knowledge of learners. Based
on OLEs model [18],
Scaffolds has been developed
to design a support base for
learners who need help
related to learning. It is based
on Cognitive apprenticeship
[19], a method that helps
novice learners become
experts. In addition,
intellectual internships while
working will help develop
problem-solving expertise

– Scaffolding room. It is an
element that supporting and
enhancement for
constructing knowledge.
Pre-class and During-class
for construct knowledge. For
helping students. When
unable to solve problems or
complete learning tasks by
suggesting assistance that
consists of four areas:
conceptual scaffolding,
metacognitive scaffolding,
procedural scaffolding, and
strategic scaffolding
– Coaching room. It is an
element that supporting and
enhancement for
construction knowledge.
Pre-class and During-class
for coaching before
attending the class by giving
advice, hinting, and
directing in an online format

– Enhancing knowledge
construction, creative
thinking. It is a learning
design that takes
place During-class. That
focuses on reflection,
understanding, and
summarizing the knowledge
of learners based on
Metacognition theory [20],
believed that “learners are
important to learning.
Learners are in control of
their learning activities.
Self-regulation is a study of
the control of cognitive
activity that pays attention to
the individual knowledge of
what has been learned

– Reflection room. It is an
element that enhancing
knowledge construction,
Creative thinking.
During-class for controlling
the learning activities of
learners is a reflection of
understanding and
summarizing the knowledge
of learners

During-class
3. Knowledge reflection

(continued)
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Table 1. (continued)

Design framework for flipped classroom learning environment model

Out of class Cognitive process Key elements In-class

Post-class
2. Knowledge
sharing

– Enhancing knowledge
construction, creative
thinking. It is a Post-class
learning design that focuses
on exchanging knowledge.
And social interaction with
classmates After learners
have learned In-class, which
is the creation of knowledge
gained from reviewing
knowledge about the subject
matter from what has been
learned. It is based on Social
constructivism [9], which
places importance on social
interaction in terms of
language, society, and
culture that contributes to the
support of learners to express
their opinions with others.
For collaborating to solve
problems while building
knowledge. However, the
design to help build
knowledge of learners. It is
based on OLEs model [18]
principles to design
communication tools. To
communicate between
learners and learners and
teachers

– Collaboration room. It is
an element that enhancing
knowledge construction,
creative thinking. Learning
Post-class for exchanging
knowledge or opinions with
friends, teachers, and
experts to create multiple
perspectives. Leading to
greater knowledge and
understanding. From
reviewing knowledge about
the content from what was
learned

5.3 Evaluate the Efficiency of the Designing Framework

The results of experts on designing framework for flipped classroom learning environ-
ment model. It is a method of verification by an expert’s reviewer, the design of the
learning environment model the design of learning based on theoretical principles as the
basis for design. This is appropriate and can promote knowledge based on the Flipped
Classroom, Constructivist, and Creative thinking as shown in Table 2.
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Table 2. The results of the assessment of the Designing Framework

No. Lists of preconceptions towards The
Flipped Classroom
Learning Environment Model

Results of the experts
(Percentage)

� Out-of-class: Elements of flipped classroom learning environmental model

1. Knowledge acquisition (Pre-class)

1.1 Activating cognitive structure,
creative thinking

• Problem based & Task 100

1.2 Supporting for Adjusting of
cognitive equilibrium, creative
thinking)

• Resource room 100

• Related cases room 80

1.3 Enhancing knowledge construction,
creative thinking

• Cognitive tools room 80

• Creative thinking room 80

1.4 Supporting and enhancement for
constructing knowledge

• Scaffolding room 80

• Coaching room 60

2. Knowledge sharing (Post-class)

2.1 Enhancing knowledge construction,
creative thinking

• Collaboration room 80

Total 82.50

� In-class: Elements of flipped classroom learning environmental model

1. Knowledge transfer (During-class)

1.1 Activating cognitive structure,
creative thinking

• Problem based & Task 100

2. Knowledge construction (During-class)

1.2 Supporting for adjusting of
cognitive equilibrium, creative thinking

• Resource room 100

• Related cases room 80

2.2 Enhancing knowledge construction,
creative thinking

(continued)
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Table 2. (continued)

No. Lists of preconceptions towards The
Flipped Classroom
Learning Environment Model

Results of the experts
(Percentage)

• Cognitive tools room 60

• Creative thinking room 80

• Collaboration room 100

2.3 Supporting and enhancement for
constructing knowledge

• Scaffolding room 80

• Coaching room 100

3. Knowledge reflection (During-class)

3.1 Enhancing knowledge construction,
creative thinking

• Reflection room 80

Total 86.87

All Total (1 + 2) 84.68

According to Table 2, the assessment result of a designing framework for flipped
classroom learning environment model, by the experts to check the consistency between
the theoretical principles used as the basis for the composition. And the function of the
elements of flipped classroom learning environment model, which consists of out of
class and in class learning, It was found that the elements of the Out-of-class learning
environment model consisted of 8 elements: 1) Problem based, 2) Resource room, 3)
Related cases room, 4) Cognitive tools room, 5) Creative thinking room, 6) Scaffolding
room, 7) Coaching room, 8) Collaboration room, And the elements of the In-class learn-
ing environment model consisted of 9 elements: 1) Problem based, 2) Resource room,
3) Related cases room, 4) Cognitive tools room, 5) Creative thinking room 6) Collab-
oration room, 7) Scaffolding room, 8) Coaching room, 9) Reflection room. There is a
correspondence between the theoretical principles that are used as the basis for creating
the composition and the functions of the elements accounted for 84.68%, the elements
of the Out-of-class learning 82.5%, And the elements of the In-class learning 86.8%.

6 Conclusions

Consequently, the results of the study of synthesis of a designing framework for flipped
classroom learning environment model. Based on the fundamental theory (ID theory),
used as a basis for the synthesis of theoretical framework, designing framework of
flipped classroom learning environmentmodel. There are 5 stages of the learning process
which are separated into 2 stagesOut-of-class learning following;Knowledge acquisition
(Pre-class), Knowledge sharing (Post-class), and 3 stages of In-class learning following;
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Knowledge transfer,Knowledge construction,Knowledge reflection.This research result
is consistent with a study of Issara kanjug [14]. Including the evaluation of the design
of flipped classroom learning environmental model reviewed by expert reviewers. There
is a correspondence between the theoretical principles that as the basis for creating the
composition and the functions of the elements. It is appropriate to enhance knowledge
construction, creative thinking of learners. This research result is consistent with a study
of Charuni Samat, Sumalee Chaijaroen [2]. Moreover, it aligns with learning in the 21st

century emphasizing flexible and various instructions. It is also assimilated with applied
technology.
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Abstract. The purpose of this research is to synthesize theoretical framework and
designing framework for development of constructivist web-based learning envi-
ronment model to enhance Critical Thinking subject on substance around using
for Grade 6 students. Type I developmental research is the research design (Design
andDevelopment). The followingwere the procedures: 1) evaluate and analyze the
principles and theories, 2) investigate the context of learners’ knowledge creation
and memory processes, and 3) synthesize the theoretical framework and design
framework for a Constructivist web-based learning environmentmodel to improve
Critical thinking. The results of study that there are the designing framework has 8
elements as following: (1) Problem base, (2) resources center, (3) Related commu-
nities Center, (4) Collaboration center, (5) Cognitive tools, (6) Critical Thinking
center, (7) Scaffolding center, and (8) Coaching center. Capable of critical think-
ing: 1) Elementary Clarification 2) Bases for a Decision 3) Inference 4) Advanced
clarification 5) Supposition and integration.

Keywords: Constructivist web-based learning · Critical thinking ·
Constructivist theories

1 Introduction

Learning in the twenty - first century, in which we live in a knowledge-based society
driven by the potential knowledge and thinking skills, plus the progress of technology,
thus it will pursue knowledge continuously throughout life. This causes many people
to develop themselves all the time. When the society is developing, the society will
have to develop accordingly. Education is the important tool of the evolution of human
knowledge, ability, and thinking skills, especially in the current society, the environment
has changed dramatically over the years; therefore, this is necessary to develop them
more increasingly. However, in today’s educational management, the emphasis is on
transferring and memorizing information. As a result, the learners’ Critical Thinking
skills are insufficient to develop thinking skillswith critical thinking is one idea that could
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help participants solving problems efficiently associatedwith the problems becausemost
of the solution requires significant judgment thought [18].

For the reasons stated above, it is vital to modify learning to match the needs of 21st
century learners. Researcher has realized the importance and the need for conducting
the research in order to solve the problems which is entitled “Designing Framework for
Development of Constructivist Web-Based Learning Environment Model to Enhance
Critical Thinking”. The studywill apply the teaching and learning process and emphasize
on the studentsModels for learning environments are being designed and developed. The
model can be used as amedium to develop thinking skills and the selection of learners and
use it as a method to manage learning, courses content in parallel with the development
of critical thinking. The findings may lead to the development of the students in order
to respond to the changes in the social world and the world today and it will be useful in
applying knowledge to develop the researcher’s profession and a guideline for further
research. Therefore, Instead of passively receiving knowledge, teaching design must be
adjusted to promoteCritical Thinking abilities and knowledge construction. Instructional
Design Theorywas incorporated into the design. Theories used as Constructivist theories
were employed as a foundation. Critical Thinking and Information Processing. These
theories will aid learners in knowledge production and critical thinking, especially in
science classes. Furthermore, the web-based media attribute and symbol system will aid
knowledge production and critical thinking [5, 19].

Because of the aforementioned reason, this study aimed to design framework for
development Primary kids’ critical thinking skills are influenced by their learning sur-
roundings. In the learning process, this could result in the learners acquiring cogni-
tive abilities and critical thinking. The significance of synthesizing is recognized by
researchers. The Designing Framework for Development of Constructivist Web-Based
Learning Environment Model. This design framework may assist designers in creating
a Constructivist web-based learning environment model that is effective. It will also
assist in establishing credibility and providing useful guidelines for the creator of the
constructivist web-based learning environment model [4–6, 11, 12, 17, 19].

2 Research Methodology

The Model research is first phase of research (Richey and Klein 2007) [16], with an
emphasis on the design process, and model development. The procedure includes the
following of Analyze associated ideas and Learning theory, constructivist theory, cog-
nitive theory, critical thinking, media theory, and technology theory are examples of
theories, and create a Constructivist web-based learning environment model to improve
Critical thinking. Experts from diverse domains, Theorists, designers, developers, eval-
uators, researchers, and learners are just a few examples, took part in this phase. Model
development is the first part of model research. Quantitative and qualitative methods
were used to collect data. We used document analysis and a survey.
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2.1 Research Objectives

The goal of this study is to create a framework for the development of a constructivist
web-based learning environment model that will help elementary pupils improve their
critical thinking skills.

2.2 Research Instruments

1. A form for document evaluation and analysis. The document analysis’ breadth in
relation to constructivist ideas, critical thinking, and media theory.

2. The synthesis record format of the designing frameworkofConstructivistWeb-Based
Learning Environment Model.

3. The expert review record form for the examination of the Designing framework.
This instrument’s framework consists of three primary issues: learning content,
instructional design, and a multimedia learning environment.

4. The individuals’ characteristics were adapted in an open-ended survey from Richey
and Klein (2007).

5. The design and development processes on the learning environment model, For the
designer and developer, there is an interview form, adapted from Richey and Klein
(2007).

2.3 Data Collecting and Analysis

The information was gathered in the following format:

1. Synthesis of the Constructivist Web-Based Learning Environment Model’s theoret-
ical foundation for improving critical thinking in elementary students. The informa-
tion was gathered by examining the constructivist theories, cognitive theories, criti-
cal thinking, pedagogy, multimedia learning, and media symbol system’s principles,
theories, associated research, and contextual studies.

2. Synthesis of the Constructivist Web-Based Learning Environment Model’s Design
Framework to Improve Primary Students’ Critical Thinking. Constructivist theories,
cognitive theories, critical thinking, pedagogy, multimedia learning, and the media
symbol system were all highlighted and analyzed before being translated into the
designing framework.

3. The above-mentioned investigation of connected materials and related researchers
yielded the theoretical framework’s synthesis and designing framework. Then, uti-
lizing the synthesis of theoretical framework and designing framework record form,
they were recorded.

3 Results of the Study

The following are the study’s findings:
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3.1 Designing Framework of Web-Based Learning Environment Model

The outcomes of this study’s a theoretical framework that is synthesis that was utilized
as a foundation in synthesizing the Constructivist Web-Based Learning Environment
Model’s designing framework to Enhance Critical Thinking for primary students dis-
covered four important foundations for improving knowledge construction and critical
thinking:

The Activation of Cognitive Structures and Enhance Critical Thinking. The rela-
tionship between different emphasized theories is presented, including Constructivist
theories and Cognitive constructivist theory (Piaget 1964), Situated learning (Brown
et al. 1989), and Critical thinking (Brown et al. 1989, Ennis 2011). As a component for
Problem foundation, it was created with a complicated problem context in mind [2, 9,
15] (Fig. 1).

Fig. 1. The Theoretical framework designing to problem base.

The Enhancement for Cognitive Equilibrium. It is the following diagram depicts the
relationship between the highlighted theories: Karlausmeier’s Information Processing
Theory (1985), Ausubel’s Meaningful Learning Theory (1963), and the SOI Model
(Mayer 1996). It was created as part of theResourcesCenter. In addition, CLEs (Jonassen
1999). It was created as a part of the Related Communities Center [1, 10, 13, 14] (Fig. 2).

Fig. 2. The theoretical framework designing to Resources Center and Related communities
Center.
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The Support and Enhancement for Cognitive Structure and Critical Thinking. It
is illustrated The following is the relationship between the highlighted theories: Social
constructivism (Vygotsky 1978) was created as a component for the Collaboration-
Center, OLEs (Hannafin et al. 1999) was created as a component for the Cognitive
Tools, and critical thinking (Ennis 2011) was created as a component for the Critical
Thinking Center [8, 9, 18] (Fig. 3).

Fig. 3. The Theoretical framework designing to Collaboration Center, Cognitive Tools and
Critical thinking Center.

Improving andAssistingCritical Thinking andKnowledgeConstruction. The rela-
tionship between the highlighted hypotheses is demonstrated as follows: Social construc-
tivism (Vygotsky 1978), OLEs (Hannafin et al. 1999) designed as the component for
Scaffolding Center (e.g., conceptual, metacognition, procedural, and strategic scaffold-
ing), and Cognitive apprenticeship (Collin et al. 1991) designed as the component for
Coaching-Center (e.g., (1) conceptual, (2)metacognition, (3) procedural, and (4) strategy
scaffolding) [7, 8, 18] (Fig. 4).

Fig. 4. The Theoretical framework designing to Scaffolding Center and Coaching Center.
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According to the findings of the synthesis of the design framework based on theoret-
ical framework and implemented in practice, the following are some examples of design
aspects (see Figs. 5, 6, 7 and 8).

1. Problem based
The purpose of the problem- base is to engage the cognitive structure by simu-

lating the authentic setting. 1) Visual, 2) text, 3) audio, and 4) animation are used
in the design to encourage students to recognize and pay attention by employing
externally imposed stimuli to enable students identify with their own experiences.

Fig. 5. Design elements in the first page and problembase of the constructivistweb-based learning
environment model.

2. Resources Center and Related communities Center
ResourcesCenter is the gatheringof data that should bemade available to students

during the procedure for resolving a problem. They use it to expand their knowledge
by utilizing various information technologies. As a foundation, cognitive theories,
particularly information processing theories that focus on memory processes, are
used. In addition, the SOI model (Mayer 1996) is utilized to aid in the selection,
organization, and integration of linked data.
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Fig. 6. Design elements in resources center and related communities center of the constructivist
web-based learning environment model.

3. Collaboration Center, Cognitive tools Center, Critical thinking Center
Collaborative Center is used to utilized to provide students with the opportunity

to learn norms for cooperating and developing a society of information sharing and
collaborative problem solving. To answer the problem, the students will discuss vari-
ous viewpoints. As a result, it was built to collaborate in issue solving via Face book,
Line, and e-mail, allowing students to express their opinions and share information
from anywhere, at any time, and in any place.

Fig. 7. Design elements in collaboration-center, cognitive tools-center and critical thinking-center
of the constructivist web-based learning environment model.

4. Scaffolding Center and Coaching Center
Scaffolding Center was created using the OLEs model (Hannafin 1999), since

pupils have a time constraint on their growth called the zone of proximal devel-
opment, which is focused on helping or scaffolding, and It was separated into four
sections by scaffolding: 1)Conceptual Scaffolding, 2)Meta-cognitiveScaffolding, 3)
Procedural Scaffolding, and 4) Strategic Scaffolding are the four types of scaffolding
available.
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Fig. 8. Design elements in scaffolding center and coaching center of the constructivist web-based
learning environment model.

4 Discussion and Conclusion

The theoretical framework of the Constructivist web-based learning environment to
enhance Critical thinking There are three foundations: 1) psychological, 2) psycholog-
ical, and 3) psychological. Pedagogical, pedagogical, pedagogical, pedagogical, peda-
gogical, pedagogical, it is in line with Kanjug Issara (2009), who investigated a theoret-
ical framework for enhancing expert mental models in a learning context. The outcome
of this investigation exemplifies the design framework of increase the constructivist
web-based learning environment the foundations of critical thinking are essential. The
results of study that there are the designing framework has 8 elements as following: (1)
Problem base, (2) resources center, (3) Related communities Center, (4) Collaboration
center, (5) Cognitive tools, (6) Critical Thinking center, (7) Scaffolding center, and (8)
Coaching center. in addition to discovering: This model has built and developed quality
models, as evidenced by the fact that the content is correct, up to date, and current, as
determined by numerous specialists. Additionally, Design and media can motivate stu-
dents to learn more and develop critical thinking skills. It’s possible that this is because
the learning environment model is different was developed utilizing a theoretical frame-
work and instructional design theories that could be used to put the ideas into reality
(e.g., Constructivist theory is used to construct knowledge). Encourage students to solve
problems in order to reach a state of balance. It has also incorporated cognitive skills
and critical thinking into its design.
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Abstract. Relational databases are core to the development of information sys-
tems. Designing and presenting a quality conceptual Entity Relationship (ER)
data schema to model the entities, attributes and relationships in such a database
is equally important. Context and assumptions play an important role in the con-
struction of these schemas. University students have limited real-world experience
and typically struggle with the construction of database schemas. Case studies are
used to provide students with functional details and context. Patterns are consid-
ered useful to transfer best practices and expert knowledge from experts to novice
users. This paper proposes the use of patterns to teach ER data modelling to sec-
ond year Systems Analysis and Design (SAD) students. An example ER pattern
for a Point-of-Sales (POS) system is proposed with one possible context adjust-
ment. Assumptions, functional requirements and business rules form part of the
proposed pattern to explain the different contexts in which the pattern could be
applied as well as the effect that these context adjustments will have on the ER
data model. Guidelines are given to assist lectures with using the pattern to teach
their students conceptual ER data modelling.

Keywords: Entity relationship diagram ·Modelling · Systems Analysis and
Design · Patterns

1 Introduction

Databases are core to the development of information systems [1]. Consequently,
database design and modelling are considered important skills of industry ready Infor-
matics graduates [2] and an essential student outcome required in an ABET accredited
Information Systems programme [3]. It involves the generation of a qualitymodel depict-
ing the database on which the system will run. An ER data model, also referred to as an
ER database schema is the most popular technique used for data modelling and taught
in University data modules. Chen [4] first developed the ER conceptual data modelling
technique. The model represents, in graphical format, the data needs of the business and
requires problem solving skills, visualization of details, abstraction, expertise in deter-
mining the correct relationships, resolving M-M (many to many) relationships and cor-
rectly determining optional and mandatory semantics [5]. The construction of a physical
data model progresses through a set of phases and starts off by discovering data enti-
ties and attributes and by identifying the binary relationships between these entities to
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Y.-M. Huang et al. (Eds.): ICITL 2021, LNCS 13117, pp. 228–238, 2021.
https://doi.org/10.1007/978-3-030-91540-7_25

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-91540-7_25&domain=pdf
http://orcid.org/0000-0002-0827-2444
http://orcid.org/0000-0003-1121-8892
https://doi.org/10.1007/978-3-030-91540-7_25


Using Design Patterns to Teach 229

construct a logical data model. This logical model is then translated into a third normal
form (3NF) relational model by applying normalization principles to exclude repeating
groups, eliminate redundant data and eliminate transitive dependencies [4]. Finally, the
relational model is converted into a physical database using the software intended for
its implementation [6].

Novice learners find the task of drawing an ER model challenging due to its abstract
nature [7]. In [1] it was indicated that there are four main issues with database design:
(1) the skills to conduct proper requirement elicitation from the client; (2) the skills to
conceive a database to meet the requirements; (3) the skills to convert the conceptual
database design into a logical/technical design; and (4) the skills to contemplate their
initial design. Another factor that influences the effectiveness of teaching ERmodelling,
is understanding the context within which the ER design needs to be applied [8]. The
authors found, in their own teaching, that although students might have the requisite
(theoretical) knowledge of ER modelling, they struggle to apply it in a specific context
as they frequently make wrong or insufficient assumptions about the problem domain
- which is not always explicitly stated in the case study (or mentioned by the client in
the capstone project). In order to improve student learning and understanding of ER
modelling, the authors, who are also lecturers responsible for teaching the capstone
project, embarked on a new learning strategy in an attempt to improve the quality of the
ER models which learners produce.

Kolfschoten et al. [9] showed that the use of design patterns can significantly reduce
the cognitive load for computer-based teaching. Their study was conducted within the
context of recognizing the dynamic nature of the engineering and technology domains.
Within these domains they attempted to find a way that students can solve problems by
“recognize(ing) the problem and apply(ing) readily applicable knowledge about solu-
tions”. They argue that the use of design patterns could assist novice learners to obtain
expert knowledge in an effective and efficient way, and found these patterns to be very
useful in transferring tacit best practices and expert knowledge.

The main objective of this conceptual paper is to propose the use of ER data model
design patterns as a method which lecturers can use to teach students to construct ER
data models for specific contexts, by reducing the cognitive load of novice learners. The
research questions are as follows:

• What are the components of an ER data model pattern which educators can use to
teach students ER modelling?

• In what way can educators make use of ER data model patterns to teach students ER
Modelling?

To answer these questions, the authors propose an ER data model pattern for a
Point-of-Sales (POS) system and illustrate the effect that different assumptions and
context changes/adjustments have on the pattern. Application guidelines for teaching ER
Modelling using these patterns are also stipulated. The research findings can therefore
be valuable to both business practitioners and academics.
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The paper is divided into five sections. Section two discusses literature on the prob-
lems with learning ERModelling, using case studies and patterns to teach. Section three
introduces the initial pattern with one context adjustment as illustration (due to page lim-
itations the other seven context adjustments cannot be shown). Section four discusses
the implementation with associated consequences and guidelines for implementation.
Lastly, section five concludes the paper and provides the direction for future research.

2 Literature Review

The following two sections provide a brief summary of the challenges associated with
teaching ER modelling and secondly the history of using patterns for learning.

2.1 Problems with Learning Entity Relationship (ER) Modelling

In [1] database analysis and design (within software engineering) was described as a
process which is not precise, or well-defined. The task at hand is often open-ended and
very dependent on the business processes and rules applicable in the organisation. This
means no concise algorithms are available to derive the ER data model from for a partic-
ular set of requirements. ER modelling has often been described as a “wicked problem”
[1, 10] because the correct (or suitable) solution often needs to be derived from par-
tial, contradictory and constantly changing requirements and it in many cases contains
multifaceted interdependencies. Armarego (in: [1]) describes the teaching of database
modelling as an “educational dilemma” due to the following reasons: (1) further engage-
ment with the problem leads to added complexity (as more elements are discovered);
(2) learning strategies that students can utilise to make sense of the problem are vital to
the process; (3) students need to have a firm understanding and intuition regarding the
context in which a problem occurs in order to design an effective solution; (4) students
need enough experience to assist them (the designers) in recognising similarities and
differences which they can use to give them insight in the current scenario.

Connoley and Begg [1] indicated that the types of knowledge and understanding that
are needed to accomplish database design and modelling include: background knowl-
edge (which is subjective to each student), database concepts (relational model, SQL,
ER modelling, normalisation), database analysis and design (fact-finding techniques,
ER to relation mapping, relation to table mapping), database implementation (DBMS,
architectures) and business and management (project management, business manage-
ment, business environment, business processes professional, legal and ethical aspects).
The latter aspect refers to the context in which the database will be implemented.

Understanding the context is important to allow all users (which include the designer)
to have a common understanding on the meaning of the data that will be captured in
the database [11]. Grimshaw et al. [11] stressed that even in teaching database design,
context is important as the students, from a cultural context perspective, need to be
able to relate to a familiar context when being taught database concepts. Therefore, the
context in which students understand and interpret organisational knowledge of business
processes and corresponding data, is key to teaching database design and modelling. As
students need to rely on their own experience with real-world organisations (which is
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often still very limited in their second year) to identify and justify entity relationships
and data integrities, they find the construction of ERmodels very challenging. Hussain’s
[8] research showed that the three main errors students made in database design which
had a severe or moderate impact on the database schema were: wrong cardinality, wrong
keys (which both had a severe impact on the database schema), and missing attributes
(which had a moderate impact on the database schema). He investigated student data
modelling errors, and uncovered four main reasons for these: (1) the student did not
understand the ER concept or the problem domain; (2) the student is not conscientious
in modelling, even though s/he might understand the ER concept; (3) the student made
an incorrect assumption and (4) the student modelled additional concepts that were not
part of the scope. The first and third errors are both related to the understanding (or the
misunderstanding) of the context in which the database design needs to be applied.

2.2 Using Case Studies to Teach

Case studies are frequently used in SAD curricula to simulate a real-life situation, as
described in Smuts and Hattingh [2]. Case studies in a SAD context usually sketch a
problem scenario consisting of a number of business processes and associated business
rules that need to be supported by designing an Information System. From the case
study, students need to extract explicit and implicit functional requirements. According
to Rosatelli and Self [12], the latter is very much a lecturer-led approach as students
need to be explained the context, in order to understand the functional requirements.
Rosatelli and Self [12] indicate that lecturers are key to facilitating learning from case
studies by “asking the appropriate questions during the discussions”. Winters and Mor
[13] proposed case studies as a method to derive design patterns. They use patterns,
derived from case studies, to develop more patterns that can be applied in practice.

2.3 Using Patterns to Teach

According to Eckstein et al. [14], the use of patterns provides a usable and accessible
way to capture and communicate expert knowledge. The original concept of a pattern
was described by Alexander et al. [15] as a re-usable solution which could address
architectural problems that frequently occurred. In their own words they describe a
pattern as follows [15]: “Each pattern describes a problem which occurs over and over
again in our environment, and then describes the core of the solution to that problem,
in such a way that you can use this solution a million times over, without ever doing it
the same way twice.” Their pattern concept has been widely accepted and used in the
world of software engineering since Gamma et al. [16] published on its adoption and
use in object-oriented software development. A pattern is not merely a recipe or a set of
step-by-step instructions, but it is rather a solution to a problem which is represented in
an abstract, instead of a concrete way.

In general, a pattern consists of the following four essential elements [16]:

1. The pattern name: this is the toughest part of designing a pattern. It describes a design
problem, its solutions, and the consequences of applying the pattern in a word or
two. This allows us to talk about our patterns with our colleagues and to refer to them
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in our documentation. It makes it easier to think about designs and to communicate
them and their trade-offs to others. Finding good names has been one of the hardest
parts of developing our catalogue.

2. A description of the problem the pattern can be applied to: It is important to not only
describe the problem, but also the context of the problem. It could include a list of
assumptions made or conditions that must be met before it makes sense to apply the
pattern.

3. The solution the pattern provides: this part of the pattern describes the elements
of the design, their relationships, responsibilities, and collaborations. It should not
describe a specific concrete design or implementation, as one needs to be able to
apply it to different situations. It should rather provide an abstract description of the
problem and how a general arrangement of elements can solve it.

4. The consequences of applying the pattern: These are the results of applying the
pattern to the problem. They are important as they can assist the user to evaluate
all the different design alternatives available to determine the best pattern for the
problem at hand.

Eckstein et al. [14] explain that “patterns provide a method for capturing and com-
municating knowledge in a way that is most comfortable for you and most useful for
your industry students”. They further profess that patterns provide a “format and process
for sharing successful practices in a way that allows each practice to be used by a variety
of people in many different ways”. This indicates that patterns provide students with
solutions to a problem that they might encounter as well as the implications of such an
implementation.

3 Pattern Development and Context

ER modelling is taught as a component of the Systems Analysis and Design (SAD)
module in both first and second year at our institution. The concepts of ER modelling
are introduced in the first year to SAD students. In the second year, the theoretical
concepts of ERDs are taught in a separate module. Students are expected to model the
data of the system in their SAD module by producing ER Diagrams (ERDs). They are
provided with a case study and adopt the following steps when deriving their ERDs:

• Create new problem domain description based on the provided Information System
application case study;

• Define functional requirements for the information system
• Define business rules for the problem domain;
• Identify entities, relationships, and semantics such as optional and mandatory;
• Resolve M-M relationships, and
• Define entity attributes.
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Students struggle to produce ER data models based on the case studies they are
provided with and consequently also struggle to produce the ER models required for
their capstone projects. The authors have been teaching ER Modelling for 31 years
(combined). They found the traditional in-class method of teaching ERmodelling theory
to be adequate for teaching the basic database concepts, but inadequate for teaching the
application of these concepts to specific business contexts. To assist them with the latter,
they developed three prominent ER patterns representing three types of systems which
students typically encounter in their capstone projects: A Point-of-Sales (POS), Product
manufacturing, and Scheduling System.

This conceptual paper provides, as an example, the ER pattern developed (with con-
text adjustments) for a POS system. This particular pattern has eight context adjustments,
but due to page limitation, only one can be illustrated. In line with Gamma et al. [16],
the pattern starts off with a descriptive name; it discusses the general context in which
the pattern could be implemented (by indicating the typical assumptions and functional
requirements/use cases it addresses); it provides details on the business rules applicable
to the pattern, as well as the consequences of applying the pattern. The POS ER pattern
is presented in the following section.

Pattern Name: Entity Relationship (ER) Pattern for a Point-of-Sale System (POS).

Description of the context in which this pattern can be used:
This ERD pattern proposes a model of the data entities, attributes and relationships

needed to represent the data of a POS System.
The assumptions made in the primary (initial) pattern are as follows:

• Information is kept about different types of employees (examples of employees
include: store manager, cashier/sales person, packer, etc.)

• Employees (cashiers/sales people) conclude sales
• Products are bought from suppliers
• Products are sold to buyers/customers
• Buyers/customers make use of a payment type when they pay for their sales
• Product prices can change over time
• Products bought from suppliers are sold (as-is) to the buyers/customers
• The company doesn’t keep information on the buyers/customers

Functional requirements/use cases supported by the primary (initial) pattern:

• The OWNER wants to:

– Manage EMPLOYEES in the following way:

1. Add employee type, Update employee type, Delete employee type, Add new
employee, Update employee details, Delete employee (wrongly added and who
never performed any activity on the system), View employee details (wrongly
added and which was never assigned to an employee), View employee types

– Manage PRODUCTS in the following way:
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– Add new product type, Update product details, Delete product type (wrongly added
and which was never assigned to a product), View product type, Add new product,
Update product details, Delete product wrongly added/never sold, View product
details,

– Manage SUPPLIERS in the following way:

2. Add new supplier, Update supplier details, Delete supplier (wrongly added and
from whom nothing was ever bought), View Supplier details

– Manage SALES in the following way:

3. View sales, Generate sales report

• The CUSTOMER wants to:

4. Buy products

Business rules to consider for the primary (initial) pattern: (Entities are shown in
CAPITAL LETTERS and important attributes are underlined)

• PRODUCTS are bought from SUPPLIERS and re-sold (as-is) to CUSTOMERS
• A CUSTOMER ORDER has a status of “Ordered” or “Received”
• PRODUCTS have specified PRODUCT TYPE(S)
• The PRODUCT PRICE indicates the selling price
• The PRODUCT PRICE can change overtime
• PRODUCTS don’t have SIZE(S)
• EMPLOYEES are linked to the SALES they capture
• SALES are paid using a specific PAYMENT METHOD
• A PRODUCT’s QtyOnHand is decreased when a SALE is made
• CUSTOMER details are not captured
• CUSTOMERS cannot return PRODUCTS
• CUSTOMERS cannot buy more PRODUCTS than the available QtyOnHand

ERdatamodel for primary/initial pattern is presented inFig. 1 (due topage limitations
the context adjustment is indicated with the purple entity).

Context adjustments for this pattern:

• Context adjustment 1 (Capture data on the CUSTOMER who makes the SALE):

– The assumptions made in this adjustment are as follows:

1. Customers are linked to sales, Customer details are captured

– Added functional requirements/use cases:

2. The OWNER wants to:



Using Design Patterns to Teach 235

Fig. 1. Initial ER Model with context adjustment 1 (indicated in purple)

3. View customer details, View details on customer sales preferences (what does
a customer typically buy?)

– Adjusted business rules:

4. CUSTOMER details are captured for SALES made

ER data model for Context adjustment 1 is presented in Fig. 1.

4 Discussion

Pattern learning is a proposed way of teaching [14] and is suggested in this paper as
a means of teaching ER Modelling. Teaching ER Modelling is complex [1, 10] and
it’s imperative that context is considered when applying the pattern. In this study we
propose an initial pattern (with context adjustments) for a POS systemwith the associated
assumptions, functional requirements and business rules. Formally defining a pattern in
such a way, addresses the “wrong assumption” issue Hussain [8] has uncovered as well
as the correct functional requirements needed to develop a conceptual model which [1]
cited as data modelling issues.

4.1 The Consequences of Applying This Pattern

The following needs to be kept in mind when using the proposed pattern:

1. The proposed pattern offers a solution for the ER model of a typical POS system but
could be adapted to make allowances for programming efficiency.

2. The solution must be implemented within the context of the organisation’s specific
functional requirements/use cases and business rules.
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3. Students need to understand the implication of the relationships, for example:
• The implication of the relationship between the order and the refund is that a customer

will only be able to receive a refund for a product that formed part of the original
order.

• If a product such as a pizza (which has toppings as components and a price linked
to the product size) is refunded, the product (pizza) cannot be resold, therefore the
quantity of the product will not be increased, but if a product such as a computer
(which is made up of different hardware and software components) is returned, for a
reason that allows it to be resold (e.g. not damaged or malfunctioning), the quantity
of the product and or the components needs to increase again. The designed solution
should support the specific business processes.

4.2 Guidelines for Lecturers to Use Patterns to Teach ERDs

In addition to following the four elements of developing a pattern as detailed in Sect. 2
above, lecturers need to consider the following guidelines when using ERD patterns to
teach SAD students:

1. Establish different patterns and make sure to generalise them i.e. cater for all pos-
sibilities on a high level. These base patterns need to be thoroughly explained or
reasoned so students don’t simply replicate the given patterns but are able to adapt
based on the adjusted context sections.

2. Delve into the pattern - highlight the things that make patterns unique or the same.
Patterns support the holistic approach to systems thinking [17]. Consider the database
design with “other” models, such as which use cases will be needed to add informa-
tion to the database, what type of data will flow into the system when the use case is
executed (data flow diagram or sequence diagram), which data store will store the
data, or retrieve the data from (data store or objects).

3. Teach students how to apply the pattern in different case scenarios by offering them
exercises based on different case studies - Students need to be taught how to recognise
patterns. Coplien [17] warned that patterns are often misused or misunderstood. As a
pattern is a “solution to a problem in a context” [15] the patterns need to be explained
in the context of how it can be used, where it can be used and the implications of
using it.

4. Show them how the pattern will be adjusted for a different context by providing
complete memos for each case study e.g. what it would look like if you sell products
without components, products with components, or products with different sizes.

5. Pull the specificERModel through to the actual database design andprogramming. In
the second year this can be achieved by coordinating tutorials or exercises between
the database and programming modules. Both these modules should for example
implement exercises based on a POS system.

6. Consider the output of the system versus the database design (for completeness of
the design). Students often struggle with creating reports that are an integral part of
a useful system. Reports can only be generated based on the data captured by the
system and stored in the database.
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5 Conclusion and Future Research

The study set out to establish what the components of an ER data pattern should be
and how patterns can be used by educators to improve the teaching of ER modelling.
This conceptual paper presented one of the ER patterns (with context adjustments)
which the authors developed, namely the Entity Relationship (ER) Pattern for a POS
System. Consequently, the authors also provided some guidelines for lecturers to use
when implementing such a pattern.

This pattern (and the other twowhich have already been developed)will be employed
to teach ERmodelling in the second year SADmodule. After implementation, these pat-
terns will be updated/modified, based on the students’ understanding and the effective-
ness of their implementation thereof. More patterns will accordingly be developed, to
also account for other scenarios that students might encounter in their capstone projects.
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Abstract. This action research aims to develop practices for the teacher edu-
cation practicum that can support and encourage the collaborative planning of
digital technology integration in teaching by university teacher educators and stu-
dent teachers and supervising in-service teachers. More specifically, this study
seeks to identify the features that make the pedagogical use of digital technolo-
gies meaningful. The background arises from the need to find ways to develop
technology-enhanced pedagogy that encourages student teachers to engage in life-
long collaborative learning. We use the technology integrated matrix (TIM) as a
theoretical frame-work and in the content analysis. The data collection took place
during a primary school teacher education practicum period and involved teacher
educators (N = 5), student teachers (N = 10), and classroom teachers (N = 5) in
Finland. The results indicate that the pedagogical use of digital technologies needs
to be considered throughout the teaching process: in the planning phase, action
phase, and evaluation phase. Based on the results, we identify the key features of
meaningful digital pedagogy to form a model that supports the codevelopment of
digital pedagogical solutions.

Keywords: Primary school teacher education practicum ·Meaningful ·
Learning community · Digital pedagogy

1 Introduction

There has been great interest in and the need to integrate digital technologies in Finnish
primary education over the last decade and, hence, also in teacher training [16]. The
latest cause for this has been the COVID-19 pandemic, which forced Finnish schools
to transfer their teaching mostly to distance teaching in the spring of 2020. Contact
teaching was arranged with restrictions; there was a shift back to contact teaching two
weeks before the end of the semester, and the unstable situation has remained ever
since. Therefore, teachers have had to prepare for sudden distance teaching if the risk of
spreading the COVID-19 virus rises [6].

In teacher training, the integration of digital technology has been slow [14], and
development projects in Finland have called for teacher education to better combine
practical competences with scientific knowledge. Here, the supervision of in-service
teachers’ existing classroom practices and principles is highly influential during student
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teachers’ practicum periods. Therefore, continuous cooperation with university teacher
training and in-service and student teachers is focal in enhancing student teachers’ learn-
ing during practicums, helping all the actors become aware of the developed classroom
practices and beliefs and knowledge affecting them [11]. This cooperation is supported
by the Finnish National Core Curriculum, which promotes schools as learning commu-
nities, where the members of the community can learn with and from each other. The
schools are also expected to interact with the surrounding society. Therefore, the schools
should provide possibilities for their members to work on projects and collaborate with
different actors outside the school community [7].

The idea of the learning community is implemented as part of the guided advanced
practicum, which is part of the teacher education program at the University of Lap-
land. The idea of a learning community aims to support student teachers in developing
colleague-based collaboration with the in-service teacher, teacher educators, and fellow
students throughout the practicum [17]. Therefore, the interest is not in a certain group
of members of the learning community but rather attempts to acknowledge and facilitate
the development of all its members. The idea of reciprocity in learning communities is
also promoted in the Guide on Policies to Improve Initial Teacher Education [5]. Fur-
thermore, learning by doing with a more experienced colleague raises the possibility of
getting positive experiences when integrating digital technologies in one’s own teaching
[11].

The use of digital tools in teaching cannot automatically be considered as enhancing
the learning process. Self-directed learning practices and the frequent use of digital
learning materials may be related to students’ weaker learning outcomes at 15 years of
age [18]. Thus, teacher-directed practicesmay be sometimesmore efficient for achieving
higher learning outcomes. Indeed, learning with digital tools is not necessarily enhanced
[22]. Therefore, digital tools must be used in a pedagogically appropriate way, and
pedagogical practices must be well structured to promote meaningful learning and meet
learning goals.

The current research aims to contribute to the scientific debate on meaningful learn-
ing with and through digital technologies in a learning community context by consid-
ering and investigating its multisidedness, thereby developing a model for meaningful
digital pedagogy. The principal aim of the study was to better understand the features
of pedagogical solutions that are experienced as meaningful. Hence, the overarching
question is as follows: “What features make the pedagogical use of digital technologies
meaningful?” This will be investigated through the following subquestions:

1. How are the characteristics ofmeaningful learning considered in the planning phase?
2. How are the characteristics of meaningful learning considered in the action phase?
3. How are the characteristics of meaningful learning considered in the evaluation

phase?

2 Technology Integration Matrix in the Context of Meaningful
Digital Pedagogy

The concept of meaningful learning provides a framework through which meaningful-
ness can be evaluated. Meaningful learning can be understood as a concept describing
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personally valued, rich, and worthwhile learning experiences [1, 9]. Therefore, this
approach toward learning experiences is associated with socioconstructivist and socio-
cultural learning theories [20]. Meaningful learning is likely to occur when learners are
engaged in constructive, active, intentional, relational, and authentic learning processes
[1, 9, 12, 13].

Meaningful learning processes involving digital technologies need to be planned
in advance. Thus, the teacher should consider the pedagogical, which comprises the
teacher’s belief in what the learning situations should look like and the teacher’s and
learner’s roles. Digital pedagogy often takes a socioconstructivist approach to teaching
[19, 21, 22]. This fits well with the ideas from meaningful learning [1].

In the current study, digital pedagogy is understood as the meaningful integration
of digital technologies into teaching practices. The integration of digital technologies is
meaningful when they are used to enhance the learning process [15, 19]. However, we
use the technology integratedmatrix (TIM) as a theoretical framework and for theorizing
the meaningfulness of technology integration because it provides an aspect of what kind
of pedagogy different technologies can be utilized with [8, 10, 23]. The TIM framework
also provides a more focused aspect, specifically on meaningful technology integration.
The TIM was created by the Florida Center for Instructional Technology and comprises
five characteristics of meaningful learning: active, constructive, authentic, collaborative,
and goal directed. “Active” refers to the students’ engagement in using technology as
a tool rather than receiving information from the technology. The characteristic “con-
structive” means that the students are using technology to connect the new information
with the information they already possess. “Authentic” refers to the students using tech-
nological tools to link the learning activities to real-life settings. “Collaborative” refers
to students using technological tools to collaborate rather than working alone. Finally,
“goal directed” means that technological tools are used to set goals, plan activities, and
reflect on the entire learning process [10].

Furthermore, TIM includes five levels of technology integration: entry, adoption,
adaptation, infusion, and transformation. In the “entry” level, teachers begin to use
technologies for delivering curriculum content to pupils. In the “adoption” level, pupils
are directed by the teacher in the conventional and procedural use of technological tools
or applications. The “adaptation” level is achieved when the teacher is becoming a
facilitator of pupils’ independent use of technologies. In the “infusion” level, the teacher
merely provides a learning context, and the pupils choose the technologies they want to
use. The “transformation” level is achieved when the teacher encourages the pupils for
innovative use of technologies to facilitate higher-order learning activities, which may
not be possible without the use of technology. In all, the TIM provides a descriptive tool
to plan and evaluate technology integration in the classroom [10, 15].

3 Research Methodology

Action research [2] aims to understand and improve the world by changing it. In the
present study, the action research process [2] progressed as follows: 1) Analyze situation,
2)Generate new theories of change, 3) Plan action, 4) Take action and 5) Evaluate impact.
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Action research approach [2] was chosen as the research methodology because it
supported the ideas drawn from the learning community, which should provide a space
for its members to align around shared goals. Aligning around shared goals makes it
possible for members of the learning community to share results and learn from each
other, thus improving their progress toward the set goals. In action research, the problems
are usually practical, being directly or indirectly experienced by the research practitioner,
and the participants are actively involved during the whole research process, not only
during the data collection stage [4].

3.1 Participants

The collaborative research project lasted from 7 September 2020 to 9 October 2020,
and it involved the researcher, five teacher educators, ten student teachers, and five in-
service teachers participating in the guided advanced practicum. The guided advanced
practicum is part of the Primary School Teacher Education Curriculum of the University
of Lapland and is worth seven European Credit Transfer and Accumulation System
(ECTS) credits. Student teachers are expected to deepen their knowledge concerning
personal, pedagogical, and practical theory while learning to reflect on their developing
teacher identities. During the project, the participants (N = 20) were divided into four
individual groups based on the classroom grades. The four groups were comprised of
different-aged pupils:

• Group 1: Second grade: two in-service teachers, four student teachers, and two teacher
educators.

• Group 2: Third grade: one in-service teacher, two student teachers, and a teacher
educator.

• Group 3: Fourth grade: one in-service teacher, two student teachers, and a teacher
educator.

• Group 4: Sixth grade: one in-service teacher, two student teachers, and a teacher
educator.

The common codevelopment goal of digital pedagogies was contextualized in each
of the groups to meet the classroom’s situated needs. The groups were encouraged to
design and take responsibility as developers of their own work.

3.2 Data Collection

Data were drawn from common meetings, group meetings, planning reports, and an end
survey for the research participants. Figure 1 represents the different meetings organized
to engage the participants in the research process.
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Fig. 1. Research process

All four groups attended the common meetings (CMs), which were a place for gen-
eral discussion of the learning community. The CMs were arranged in Microsoft Teams
and each of them lasted 1–2 h. Kickoff was a place for situation analysis, in which
the learning community’s common objective was set, and all the members could take
part. The kickoff’s agenda was to provide the groups with information about the learn-
ing community’s common goal and help them contextualize the common objective in
each group’s context. A situation analysis was arranged halfway during the practicum
to discuss how the process was proceeding. The end seminar was arranged to reflect on
the results of the development process of the learning community. The CMs provided
information about the participants’ perceptions about the codevelopment of digital ped-
agogies. The first author observed the ongoing discussions in the CM and took field
notes that provided the first set of data. The second author was the teacher educator of
the second group.

Groupmeetings (GMs)were places where individual groups could discuss the objec-
tives of the practicum and reflect on their achievement. The GMs were recorded, and
each of the groups filled out a planning report, in which they wrote down their plans to
reach their goals. The first meeting was arranged to set the main objective for the group.
In the second meeting, they reflected on their process toward the objective and read-
justed their actions, if necessary. The last GM was arranged to reflect on their success
in meeting the set objectives.

Altogether, four datasets were collected. The first dataset consists of the planning
reports (PR), which provide information about the groups’ goals and practical solutions
for reaching their goals. The first dataset is used to answer the first subquestion.

The second dataset consists of CM field notes, which provide information about
the learning community’s common objective. The third dataset consists of the recorded
individual GMs, where the groups discussed how to contextualize the common goal in
their classrooms. Each of the groups had their own contextualized goal for the codevel-
opment of digital pedagogies. The group members could decide among themselves how
they would arrange the meetings. The second and third datasets are used to answer the
second subquestion.

The fourth dataset consists of the survey answers provided by the participants. The
survey provided an opportunity for the participants to anonymously share their thoughts
about the research. The survey is referred to as “Survey.” The fourth dataset is used to
answer the third subquestion.
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3.3 Data Analysis

The qualitative datawere analyzed using the thematic analysis [3], which consists of gen-
erating initial coding, recognizing themes, and naming the main categories (Table 1).
Generating initial codes means transforming the raw data into manageable forms.

Table 1. Codes, themes, and categories of the analysis

Generating initial codes Recognizing themes Naming main categories

Learner preparedness
Activation
Collaboration

Purposeful use of digital
technologies

Planning phase

Adaptability
Easy to use
Learning objective related

Technology characteristics

Searching for digital tools
Sharing information with
colleagues

Choosing the proper digital
technology

Instruction
Supervision

Teacher-related activities Action phase

Finding information
Producing own materials
Sharing information

Learner-related activities

Technological knowledge
Self-efficacy

Digital pedagogical
competences

Evaluation phase

Motivating
Adapting to changing
situations

Evaluation of the teaching
process

Fifteen initial codes were generated from the collected data, and the codes were
divided into six different themes. The six themes were placed under three categories:
planning phase, action phase, and evaluation phase.

The planning phase includes three themes consisting of features to be considered
before the actual pedagogical activities. The first theme, “Purposeful use of digital
technologies,” had three codes: pupil preparedness, activation, and collaboration.

The action phase consists of two themes—teacher- and learner-related activities that
occurred in the actual learning situations after the planning phase. The teacher-related
activities had two codes: instruction and supervision. Pupil-related activities had three
codes: finding information, producing own materials, and sharing information.

The evaluation phase consists of two themes related to the participants’ perceptions
about their enhanced digital pedagogical competencies and evaluation of the teaching
process. The first theme, “Digital pedagogical competences,” had two codes: technologi-
cal knowledge and self-efficacy. The second theme, “Evaluation of the teaching process,”
also had two codes: motivating and adapting to changing situations.



Conceptualising a Model for Meaningful Digital Pedagogy 247

4 Results

How are the characteristics of meaningful learning considered in the planning phase?
In the planning phase, the first recognized theme was the purposeful use of digital
technologies. Pupil preparedness, activation, and collaboration were mentioned as goals
that the pedagogical use of different digital technologies could help achieve.

Activating the pupils was found to be an important part of the lessons. The pedagogi-
cal use of digital technologies could provide themwithways to activate the pupils, letting
them take more responsibility for their own learning. The participants also mentioned
that they wanted pupils to collaborate with each other. Collaboration and activation are
closely related to the TIM framework because the aim is tomove toward learner-centered
teaching practices [cf. 10, 15].

One aim was to raise learners’ preparedness for studying with different digital tech-
nologies while giving teachers the opportunity to practice their pedagogical use. The
participants wanted the learners to be prepared and comfortable using the same digital
tools in distance teaching, for example. All the groups named some technologies, such
as Google Classroom and Padlet, they wanted to learn to use as part of their teaching.

The second themewas technology characteristics. The groups raised the fact that dig-
ital technologies should possess some characteristics that could improve theirmeaningful
pedagogical use: adaptability, ease of use, and learning objective related. Adaptability
would make it possible to use the same digital technology on several different occasions.
Ease of use concerns teachers and pupils. Learning objective relatedness was mentioned
as the meaningful use of digital technology. According to the participants, the use of dig-
ital technology should always be connected to predetermined learning objectives. The
TIM framework considers the context and learning objectives when integrating tech-
nologies in teaching. The TIM does not, however, provide any characteristics for usable
technologies [cf. 8]. The defined characteristics for purposeful technologies may seem
restrictive, but they can also help someone who is not confident in finding the proper
technologies to use in their teaching.

Choosing the proper digital technology was the third theme in the planning phase.
This was mentioned as one challenge in integrating digital technologies in teaching.
The participants mentioned independent searching of the internet as one way to find the
proper digital technology to use. Sharing information about digital technologies with
colleagues was mentioned as an effective way to find the proper tools to use.

How are the characteristics of meaningful learning considered in the action phase?
In the action phase, the teacher-related activities consist of instructing the pupils

how to use the digital technology and supervising the learning activities. Instructing the
pupils to use digital technology was mentioned as a teacher-related activity; the instruc-
tion needs to provide pupils with information on how to log in to the digital application,
navigate, and complete the assignments. Supervision wasmentioned as a teacher’s activ-
ity when pupils are working independently. Learner-related learning activities involved
finding information, producing one’s own materials, and sharing information. In the
learning activities the learners’ own phones and school computers were used.

Activating the learners and giving them responsibility for their own learning fits
well with the characteristics of meaningful learning [cf. 1, 9]. Finding information was
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mentioned as an activity in which pupils should search for information about the phe-
nomenon from the internet independently or in small groups. After finding information,
the pupils should produce theirmaterials and presentations based on their findings.Mate-
rialswere produced using different digital platforms in different groups. Both the learner-
and teacher-related activities during the action phase support the ideas drawn from the
socioconstructivist learning theory [cf. 20]. Reflecting on the TIM [9], the integration
of technologies should provide a means for the teacher to transform lessons toward
more student-centered teaching. Therefore, the TIM framework emphasizes learners’
activeness in the learning process, which is focal in the model’s action phase [8].

How are the characteristics of meaningful learning considered in the evaluation
phase? These features occurred after the action phase. The participants noted that their
technological knowledge had been enhanced and that they felt their self-efficacy had
increased toward the pedagogical use of digital technologies. The teachers did not raise
any issues regarding their ability to learn to use digital technologies. However, they
acknowledged that learning requires time and energy, which they do not always have
sufficiently. The use of digital technologies was seen as a way to adapt to changing situ-
ations caused, for example, by the COVID-19 restrictions toward educational practices.
Using and trying different technologies was seen as motivating for the pupils by the
student teachers and in-service teachers. The TIM framework introduced five levels of
technology integration: entry, adoption, adaptation, infusion, and transformation. The
participants did not give a lot of freedom for the pupils regarding the choice of the tools
used, but their own roles were emphasized as facilitators, and they provided students
with various collaborative learning activities using technologies. Therefore, they were
at the entry level of technology integration [cf. 8, 15, 23].

Reflecting on these findings, we answer the overarching research question: What
features make the pedagogical use of digital technologies meaningful? Here, the par-
ticipants saw many opportunities in using digital tools in the classroom environments
and they shared similar views with each other even though they worked with different
aged pupils. The key features characterizing meaningful pedagogical use of digital tech-
nologies are purposeful fitting for the context and well-thought-out choice of the digital
tool that is activating and fitting for multiple uses. Figure 2 represents the model for
meaningful pedagogy developed as part of the current study.

Overall, the model for meaningful digital pedagogy introduces ideas for sociocon-
structivist learning methods, such as active knowledge construction [cf. 20], when inte-
grating digital technologies. In the model, the planning phase takes a socioconstructivist
approach to learning, which affects the whole model [cf. 20, 23]. The action phase con-
sists of the tasks that the teacher and pupils are expected to complete during learning
activities. The teacher’s role is a facilitator, whereas learners take more responsibility for
their learning [19]. The evaluation phase consists of the reflection of digital pedagogical
competences and evaluation of the teaching process. Meaningful technology integration
is considered as a reflective process throughout the phases so that conscious choices are
made that can be changed during the process if necessary. To make digital pedagogy
meaningful, it is crucial to consider the learning objectives, context, curriculum, and
available resources in all phases.
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Fig. 2. Model of meaningful digital pedagogy

5 Discussion and Conclusion

The current paper set out to identify the features that make the pedagogical use of
digital technologies meaningful. We applied the TIM to theorize the meaningfulness
of technology integration in learning activities. The findings revealed that technologies
provide possibilities to adapt to changing situations. The COVID-19 pandemic caused
schools across the glove tomove from contact teaching to distance teaching. This change
made teachers change their teaching practices and use various digital tools to teach and
stay in contact with their pupils. Based on the learning community concept, we found
that collaboration between different actors was seen as beneficial, and the participants
encouraged the development of these kinds of practices for codevelopment.

The main contribution lies in the developed model of meaningful digital pedagogy,
which can extend the existing pedagogical models by guiding educators to a continu-
ously reflective process of meaningful technology-assisted teaching and learning. The
study has some shortfalls, such as the small number of participants, their baseline for
performance comparison and the missing aspect from the TIM of the highest level of
technology use, where learners choose their digital tools independently, hence indicating
a direction for future research.
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Abstract. The arrival of the big data era has brought new challenges to the teach-
ingmethods and professional development of the teachers in the field of education.
As a group that is about to become a teacher, pre-service teachers are also one of
the necessary qualities of their way to the teacher’s road. Based on the literature
analysis and case study, this paper constructs a preliminary index system of the
data literacy of the pre-service teachers, and carries out the pre-investigation. The
research data is analyzed by using the SPSS25.0 software, and the index system is
repaired according to the analysis results. In the end, the index system of the data
literacy of the pre-service teachers is divided into three levels: attitude and aware-
ness, knowledge and skill, morality and law. There are 8 secondary indicators, a
total of 19 projects.

Keywords: Big data · Pre-service teachers · Data literacy · Index system

1 Introduction

As the carrier of information and the source of knowledge, data is of great significance
to human beings. In the context of the era of big data, the amount of data is growing
exponentially. The proliferation of data means that the range of human record, measure-
ment and analysis is constantly expanding, and the boundary of knowledge is constantly
extending. From the technical level to the application level, the mining and research
on the hidden value of big data at home and abroad have set off a wave of upsurge in
various fields in recent years, and the attention on big data in education is also rising
continuously. Through the regular application of big data system, the school encourages
teachers to move from experiential teaching to precise teaching, and students to precise
positioning from fuzzy learning.

Teachers can obtain, analyze and apply data from teaching practice, and then guide
teaching practice in turn, which can not only meet students’ personalized learning needs,
but also ultimately improve teaching performance. In other words, whether there is a
certain amount of data literacy consistent with the educational needs in the era of big
data will largely determine the level of teaching efficiency. It is very important for pre-
service teachers to organize relevant courses and pay attention to the training of their
data literacy, so that they canmeet the data literacy index of future teaching needs, which
is also the starting point and goal of this research.
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2 Concept Definition

2.1 Data Quality

Asan emerging researchfield, data literacywasfirst introduced abroad. In 2007, Stephen-
son and Caravello proposed the meaning of data literacy, that is, the awareness and
ability to effectively and appropriately discover, evaluate and use information and data
[1]. Carlson indicated that data literacy should include understanding the meaning of
data, correctly understanding graphs and drawing correct conclusions based on data,
and being able to judge when data is incorrectly or improperly used [2]. Mandinach
and Gummer defined the ability to constitute data literacy indicates that data literacy
refers to the ability to understand data and make effective use of data to make decisions,
including the ability to distinguish, collect, analyze and summarize organizational data
and optimize data [3].

2.2 Teachers’ Data Literacy

At present, there is no unified definition of the concept of teachers’ data literacy. TheData
Quality Campaign in the United States defines teachers’ data literacy as the continuous,
effective, reasonable and legal acquisition, interpretation, application and exchange of
data from various sources and different types of data according to their professional
roles and responsibilities. Finally, the ability to improve students’ learning effect [4].
Mandinach believed that teachers’ data literacy refers to the ability of teachers to trans-
form data into information and finally become operational knowledge to improve sci-
entific decision-making and students’ performance [3]. Athanases, from the perspective
of teaching practice, believed that teachers’ data literacy means that teachers collect
and analyze students’ homework and performance purposefully, reflect on and process
these learning data, so as to promote teachers to improve teaching practice and improve
students’ performance [5].

Although different researchers at home and abroad have different understandings on
the connotation and extension of data literacy, and no unified definition of data literacy
has been formed at present, it is not difficult to find that the definitions of data literacy
given by different researchers have many similarities and commonalities. It can be seen
that the academic circle has reached a preliminary consensus on the definition of data
literacy, which has laid a theoretical foundation for further in-depth research. The core
connotation of teachers’ data literacy is the basic skills of data acquisition, processing
and analysis, as well as the ability and awareness of using data to optimize teaching
management and decision-making.

2.3 Pre-service Teachers’ Data Literacy

This study accepts the viewpoints of “pre-service teachers are future teachers” and “the
training of pre-service teachers should be based on the standard of qualified teachers”.
As the reserve force of future teachers, it is very important for pre-service teachers to
organize relevant courses and pay attention to the training of their data literacy, so that
they can meet the data literacy index of future teaching needs. “The data literacy ability
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of pre-service teachers should be based on the standard of becoming a qualified teacher,
that is, the data literacy ability of pre-service teachers can be referenced by the data
literacy ability of teachers”, which is also the starting point and logical starting point of
this research.

Throughout the research at home and abroad, the definition of data literacy of pre-
service teachers is still unclear. Pre-service teachers, whether in learning life or in the
process of education, teaching and training, should use the standard of teachers to request
themselves.

2.4 Data Literacy Ability Structure

There are few researches on the structural model and evaluation index system of data
literacy ability. Prado divided data literacy into five areas: understanding data, finding
and/or obtaining data, reading, interpreting and evaluating data, reading, using data [6].
Carlson proposed the framework system of data literacy, including database and data
format introduction, data discovery and acquisition, data management and organiza-
tion, data conversion, data quality assurance, metadata, data processing and reuse, data
practice specification, data storage, data analysis, data visualization, data ethics [7].

In terms of the data literacy ability of teachers and pre-service teachers, many studies
mainly start from the needs of teachers’ professional development, and demand teachers’
ability to use data to teach, which is used as the evaluation basis of teachers’ data literacy
ability. Such as the Danielson framework, from planning and preparation, classroom
environment, teaching and professional evaluation of four aspects [8]. Light et al.’s data-
driven decision model applied data to teaching, which can be summarized into six steps:
data collection, organization, summary, analysis, data conversion into information, and
decision-making assistance [9]. From the perspective of teaching process, Mandinach
et al. summarized the ability of teaching data literacy into five domains: identify problems
and frame questions, use data, transform data into information, transform information
into a decision, and evaluate outcomes [10].

3 Study Design

3.1 Research Methodology

Through literature research, the main contents of data literacy of pre-service teachers
were extracted. Then, based on case studies, relevant data of data literacy of pre-service
teachers were improved to construct a comprehensive index system of data literacy of
pre-service teachers. On the basis of literature research, analysis of data quality research
situation at home and abroad, and determine the main dimensions of the normal data
quality index system, through the typical case interviews, builded up the preliminary data
quality index system of teachers and student, index system, based on the preliminary
establishment of normal data literacy questionnaire, through the data analysis, in the
process of the research topic for repairs. Finally, a formal index system was formed.
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3.2 The Preliminary Construction of Data Literacy Index System

Firstly, the typical case study was used to study the data literacy of pre-service teachers,
so as to improve the index system of data literacy of pre-service teachers. In this study,
5 typical cases of pre-service teachers with teaching experience and data processing
experience were selected for the study.

Based on the research and elaboration of relevant connotation and index system of
data literacy in domestic and foreign literatures, and combined with the results of the
above typical case studies, this study constructed a preliminary index system of data
literacy of pre-service teachers from three levels: attitude and awareness, knowledge
and skills, morality and law.

The data literacy index system of pre-service teachers in this study consists of three
first-level indicators, namely attitude and awareness, knowledge and skills, and morality
and law. These three first-level indicators are composed of nine second-level indicators,
which correspond to attitude and awareness respectively, including data attitude and data
awareness. Knowledge and skills include data acquisition, data storage andmanagement,
data processing, data analysis, data expression and use, and data evaluation; Ethics and
law include data ethics and law. These 9 secondary indicators are divided into 23 tertiary
indicators.

3.3 Repair of Data Literacy Index System of Pre-service Teachers

Compile and Issue the Questionnaire. The respondents of the questionnaire were pre-
service teacherswho had some teaching experience. The three-level indicators of the data
literacy index system of pre-service teachers that have been preliminarily constructed
constitute the questionnaire, with a total of 23 items. The degree of conformity or attain-
ment was taken as the evaluation standard and represented by Likert five-component
scale: Very no – 1, no – 2, partially yes – 3, yes – 4, very yes – 5. The lowest score is 23
and the highest score is 115. The higher the score is, the higher the data literacy level of
the respondents is.

In this study, “Questionnaire Star” professional questionnaire survey platform was
used to release the questionnaire online, so that respondents could use computers and
mobile terminals to enter the questionnaire through the link to fill in the questionnaire.

Recycling and Analysis of Questionnaire Results. A total of 60 valid questionnaires
were collected in this questionnaire release and the data were input into SPSS25.0
statistical software for project analysis and reliability testing analysis. The 23 questions
are numbered as Q1–Q23, a total of 23 questions.

The first is item analysis. In this study, the critical ratio method was used to calculate
the decision value of each item in the questionnaire, that was, the CR value. In the
classification of high and low groups, the grouping proportion was 27%, namely 16
groups. After grouping, independent sample T test was performed. When conducting
independent sample T test, first check whether the square difference of the two groups
is homogeneous according to the column of “Levene’s test of variance equation”. If P
> 0.05, it indicates that the difference of variance does not reach the significant level
of 0.05, namely homogeneity of variance. In this case, nihility hypothesis was accepted
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(i.e. the assumption that the square difference of the two groups is equal). At this point,
the t-test data should refer to the value in the first column “Assume Equal Variances”.
If P > 0.05, it indicates that the significant level is not reached, then this item will
be deleted. If the T-value statistic is less than 3, it indicates that the question item has
poor discrimination (even if it reaches a significant level), which can be considered to
be deleted. According to the t-test results of independent samples, P in the column of
“Levene’s test of variance equation” is greater than 0.05, indicating homogeneity of
variance. Check the corresponding t-value and p-value in the column of “Assume equal
variance”. The T value statistics of all items are greater than 3, and the significance
probability value P will be 0.05. Therefore, all items will be retained.

Followed by the reliability test, this study adopts the clone Bach alpha coefficient
method to analyze the questionnaire reliability, by measuring the have 23 question about
normal data quality, with alpha said based on standardization of reliability coefficient
is 0.944, the questionnaire of overall reliability reached a higher level, if any one item
to be deleted, Will reduce the overall reliability of the questionnaire, indicating that the
questionnaire has a high reliability.

Modification and Improvement of Data Literacy Index System for Pre-service
Teachers. After item analysis and reliability analysis of the questionnaire results, the
results indicated that the questionnaire topics were well set. Now the validity analy-
sis of the questionnaire results is carried out to modify and improve the preliminarily
established data literacy index system for pre-service teachers. In this study, KMO and
Bartlett spherical tests were performed on the data. The results showed that the KMO
value was 0.811, greater than 0.8, indicating that the correlation between the variables
of the item was good. This questionnaire had structural validity and was suitable for
factor analysis. The Sig of Bartlett’s sphericity test was 0.000, which was less than 0.05,
indicating that the value of significance test was small, and the difference in statistics was
also small. It showed that the relative independence of the data was small, the data was
spherical distribution, which could be used for factor analysis. Therefore, the SPSS25.0
software tool was used to conduct factor analysis on the data. In this study, the principal
component analysis method was adopted and the maximum variance method was used
to rotate the factor load matrix.

Firstly, factor analysis was conducted on the dimensions of attitude and awareness.
The KMO value was 0.705, which was suitable for factor analysis. As this study preset
two secondary indicators under the first-level indicators of attitude and awareness, the
parameters of factor extraction process were controlled when the principal component
analysis method was used for factor analysis of questionnaire results. The initial eigen-
value describes the solution of the initial factor. The eigenvalue of the first factor is 3.373,
explaining 67.454% of the total variance of the original variable, and the contribution
rate of accumulated variance is 67.454%.The eigenvalue of the second factor is 0.633,
which explains 12.663% of the total variance of the original variable, and the contribu-
tion rate of accumulated variance is 80.118%. By rotating square and load the data item
knowable to the rotation factors, to reallocate the various factor to explain the variance
of original variables, changed the variance contribution of each factor, can explain the
total variance of 80.118%, more than 50%, so you can think the index of attitude and
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awareness the class is divided into two secondary index is practicable. In order to further
analyze which secondary index under the conception the different factors mainly come
from and whether the corresponding distribution is consistent with the initial index, this
study further obtains the load table after the rotation of the factors, as shown in Table
1. According to the data shown in Table 1, the following factor analysis can be carried
out: except Q1, which does not fall into the conceived index system, other factors are
consistent with the conceived index system, so it is considered to delete the item Q1.

Table 1. Attitude and awareness dimensional questions and factor loads table

Factors Questions Factor loading

The data of awareness
(Factor 1)

Q2 I am able to maintain a certain sensitivity to data
in education and teaching

0.783

Q3 I can consciously use data to assist teaching and
evaluate the teaching effect

0.916

Data attitude
(Factor 2)

Q4 I can be responsible for the data used in
education and teaching

0.733

Q5 I am able to treat the data generated in education
and teaching with a rigorous and serious attitude

0.805

Factor 2 Q1 I can recognize the role of data in education and
teaching

0.867

Principal component analysis is carried out on the dimension of knowledge and
skills, and six factors are extracted according to the conceived index system. The KMO
value is 0.857, which is very suitable for factor analysis and can explain 80.626% of the
original questionnaire, which is greater than 50%. Therefore, it is feasible to divide the
first-level indicator of knowledge and skills into six second-level indicators. From the
load table after factor rotation (see Table 2), it can be seen that items Q6, Q7 and Q8
are included in factor 1, and they all belong to the first-level and second-level indicators
of data acquisition. Q13 and Q14 fall into factor 2 and belong to the first-level and
second-level indicators of data analysis. Q15, Q16 and Q17 belong to factor 3, and all
belong to the first-level and second-level indicators of data expression and use. Q18 and
Q19 fall into factor 5, both of which belong to the first-level and second-level indicators
of data evaluation. Q9, Q11 this two item in the idea of the index system is belong to
data storage and management and data processing respectively two different secondary
indexes, but also fall into the factor 4, therefore, this study to adjust idea of index system,
incorporating the above two secondary indexes for data management and processing the
new secondary indicators, And delete data storage andmanagement, data processing two
secondary indicators. In addition, since Q10, Q12 and Q20 did not fall into the preset
index system, they were considered to be deleted.

Principal component analysiswas conductedonmorality and law, and theKMOvalue
was 0.726,whichwas suitable for factor analysis. One factorwith eigenvalue greater than
1 was extracted, which could explain 78.696% of the original questionnaire. Therefore,
the first-level index of morality and law was directly divided into the first-level index
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Table 2. Knowledge and skill dimension questions and factor load table

Factors Questions Factor loading

Data acquisition
(Factor 1)

Q6 I can master the methods and tools of
data collection

0.494

Q7 I can identify different types of data
and record the data consciously

0.739

Q8 I can accurately identify, locate, and
access data sources

0.653

Data processing and management
(Factor 4)

Q9 I can classify and manage the data
acquired in education and teaching

0.763

Q11 I can master the software tools for
data processing

0.633

Data analysis
(Factor 2)

Q13 I can reasonably analyze data from
the perspective of education and teaching

0.632

Q14 I am able to see the connections
between data and data

0.699

Data expression and use
(Factor 3)

Q15 I can visualize the data or generate
reports

0.671

Q16 I am able to use data properly in
communication to communicate ideas
and make sense

0.747

Q17 I can effectively make use of
data-driven teaching decision making to
improve the teaching effect

0.752

Data evaluation
(Factor 5)

Q18 I can evaluate the accuracy of the
data

0.516

Q19 I can use the scale with high
reliability and validity to evaluate the
teaching effect

0.806

Factor 1 Q10 I can update the data in the archive
according to its life cycle

0.865

Factor 6 Q12 I am able to filter and filter the data
appropriately

0.833

Factor 2 Q20 I can critically evaluate data in
context

0.815

of data morality and law. Since only one factor is extracted for this dimension, there
is no corresponding rotation factor loading table. The secondary indicators and topics
corresponding to the moral and legal dimensions are listed here (see Table 3).
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Table 3. Moral and legal dimension questions

Factors Questions

Data ethics and law Q21 I can understand the relevant laws and regulations, and do not create
or disseminate data that endangers public information security or
infringes on the interests of others

Q22 I am able to use data accurately and responsibly, consistent with
discipline or industry norms

Q23 I can respect others and effectively protect the privacy of my own
data during data collection, use and sharing

4 Conclusion

Based on the results of literature analysis and case studies, this study constructed a pre-
liminary data literacy indicator system for pre-service teachers, which was compiled into
a questionnaire for pre-investigation. For the pre-survey data, using SPSS25.0 software
for CR project analysis, reliability testing and factor analysis, deleting some redundant
items andmaking relevant changes to the secondary indicators, it has high reliability and
structural validity. More in line with expectations. Therefore, this study finally deter-
mined 3 first-level indicators, 8 s-level indicators, a total of 19 items, and finally formed
a formal data literacy indicator system for pre-service teachers (see Table 4).

The data literacy index system of pre-service teachers is a multi-level complex sys-
tem. This study closely related to the connotation of data literacy of pre-service teachers,
determined a relatively comprehensive and reasonable index system, and modified and
improved the index system through data analysis, so as to ensure the scientific nature of
the index system.

Table 4. The final version of the data literacy index system for pre-service teachers

Level 1 indicators Level 2 indicators Level 3 indicators

Attitude and awareness Data awareness I am able to maintain a certain sensitivity to
data in education and teaching

I can consciously use data to assist teaching
and evaluate the teaching effect

Data attitude I can be responsible for the data used in
education and teaching

I am able to treat the data generated in
education and teaching with a rigorous and
serious attitude

Knowledge with skills Data acquisition I can master the methods and tools of data
collection

I can identify different types of data and
record the data consciously

(continued)
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Table 4. (continued)

Level 1 indicators Level 2 indicators Level 3 indicators

I can accurately identify, locate, and access
data sources

Data processing and management I can classify and manage the data acquired
in education and teaching

I can update the data in the archive according
to its life cycle

Data analysis I can reasonably analyze data from the
perspective of education and teaching

I was able to see the connections between
data and data

Data expression and use I can visualize the data or generate reports

I am able to use data properly in
communication to communicate ideas and
make sense

I can effectively make use of data-driven
teaching decision making to improve the
teaching effect

Data evaluation I can evaluate the accuracy of the data

I can use the scale with high reliability and
validity to evaluate the teaching effect

I can critically evaluate data in context

Morality with law Data ethics and law I can understand the relevant laws and
regulations, and do not create or disseminate
data that endangers public information
security or infringes on the interests of others

I am able to use data accurately and
responsibly, consistent with discipline or
industry norms

I can respect others and effectively protect
the privacy of my own data during data
collection, use and sharing

In addition, this study is aimed at pre-service teacherswho are about to become teach-
ers. Therefore, on the basis of reflecting the connotation of data literacy, this study high-
lights the professional characteristics of pre-service teachers who are about to become
teachers and emphasizes more on the standards of data literacy that pre-service teachers
should achieve in the teaching field. Therefore, the construction of this index system has
a certain reference significance for normal universities in determining the cultivation
strategy of pre-service teachers.
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Abstract. The term smart city is commonly used to describe the use of various
types of digital infrastructure and technologies to collect data in order to pro-
vide information that can be used to manage resources efficiently and provide a
better standard of living for citizens. Smart city technology could be also used
to solve the education challenges of continuous urbanization, thereby facilitating
the international sustainable development goal of quality education and lifelong
learning opportunities for all communities (cf. https://sdgs.un.org/goals). Many
cities have used information and communication technologies (ICTs) to enable
smart city concepts. Most small and rural municipalities struggle to manage their
resources, which results in service delivery problems. A smart city intervention
may help small and rural municipalities to curb these problems, but there is slow
implementation of this concept in these municipalities due to the lack of an inte-
grated framework focusing on the assessment of small and rural municipalities’
readiness for smart city implementation. The aim of this research is to address
this gap in information systems (IS) knowledge. A systematic literature review is
employed to provide an in-depth and critical summary of existing research rel-
evant to the research question. Various concepts are synthesized into a holistic,
integrated conceptual framework to assess small and rural municipalities’ readi-
ness towards smart city implementation. The framework can be used to assess
small and rural municipalities to gauge their readiness level towards smart city
implementation of a smart city initiative. In addition, municipal authorities can
use this framework to identify the required components and key stakeholders for
any smart city initiatives. This paper provides the foundation from which future
empirical research can progress.

Keywords: Smart city · Small and rural municipalities’ readiness · Literature
review · Framework · Conceptual search · Education

1 Introduction

Urbanization is a reality inmunicipalities becausemore than 50%of theworld population
were living in urban areas by the year 2010 [1]. This number is expected to rise to 70%
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by the year 2050 [2, 3]. The increase will present many challenges “such as providing
housing, health, education, welfare, security as well as transport for its citizens” for
municipalities, especially in small and rural municipalities [4, 6]. This exponential influx
will affect service delivery greatly [3].

The term “smart city concept” is not new, it has been around for years now [7, 8].
It was coined around 1991 [9, 10]. Small and rural municipalities can improve service
delivery through collection of real-time data, analyzing it, and sharing real-time infor-
mation for decision makers to deal with service delivery issues [11]. Municipalities that
share information using Information and Communication Technology (ICT) and physi-
cal devices that are connected through the Internet of Things (IoT) to collect and analyze
digital data to improve citizens’ standard of living, city operations, government services
and the utilization of resources, are known as smart cities [12]. In other words, small and
rural municipalities can use ICTs to enable smart city concepts to manage their infras-
tructure efficiently. The notion of a smart city is, therefore, considered as an economic
driver for city development [9, 10, 13]. However, there is a low level of implementation
[1] of the smart city concept in small and rural municipalities.

The literatureon thesmart cityfieldpresentsnumerous readiness frameworks [14,15].
Most of the existing frameworks look at the global context [16–19]. The frameworks that
areused toassess smart city readiness in aglobal context use technology, institution, econ-
omy, environment, social and legal factors as indicators. Despite the availability of these
frameworks, small and rural municipalities are failing to implement smart city concepts
successfully because the existing frameworks do not expose sufficient indicators thatmay
be used to assess small and rural environments’ readiness [14]. Literature indicates that a
framework should be focused, otherwise it will be difficult for organizations to use it cor-
rectly [6, 14].Citiesormunicipalities areunlikely tousea framework thatdoesnot address
their specific issues because it would be difficult to follow [14, 20].

The few studies that do look at local contexts [7, 20] use technological, institutional
and environmental factors as indicators to assess small and ruralmunicipalities’ readiness
towards smart city implementation [1, 21], while other scholars suggest that there is a
need for a framework that will look at human, cultural and societal factors to help
cities to conduct a comprehensive assessment to measure small and rural municipalities’
readiness towards smart city implementation [6, 22]. There is a lack of a single framework
[8] that uses technological, institutional, environmental, cultural, human and societal
factors as indicators to help small and rural municipalities to conduct comprehensive
assessments to measure their readiness.

Therefore, there is a need to integrate and amend existing readiness assessment
frameworks with a specific focus on small and rural environments. This paper develops
an integrated conceptual framework to assess small and rural municipalities’ readiness
for smart city implementation. The factors that are identified as important indicators may
help small and rural municipalities to conduct comprehensive assessments to measure
their readiness level towards the implementation of a smart city concept. Therefore,
the main aim of this paper is to propose an integrated conceptual framework to assess
small and rural municipalities’ readiness for smart city implementation. This framework
is intended to help municipality leaders who are charged with the responsibility of
implementing a smart city concept to gauge their readiness level before they engage in
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a smart city project [2]. This is critical because there is no framework that integrates
existing frameworks to help small and rural municipalities to assess their readiness level.

2 Literature Review

2.1 Smart City Definitions

There is a serious debate in the literature on the definition of the smart city concept. The
smart city concept has many definitions with no consensus on a specific definition [23].
The smart city concept has been defined differently by different scholars (see Table 1).

Table 1. Smart city definitions.

No Author Definition

1 [18] The smart city concept refers to the connection of modern technologies that
promote the usage of city infrastructure and resources efficiently

2 [16, 24] A smart city is a city that monitors its resources through the integration of all
critical digital infrastructure and technology

3 [25] The smart city concept pertains to the connection of information and
communications technology (ICT) systems to manage and improve efficiency
and enhance citizens’ quality of life, whereby promoting sustainable
improvement in urban operations

4 [26] A smart city is defined as a city that focuses on its essential ICT infrastructure to
deliver improved services to citizens

5 [23, 27] A smart city is a city that digitally integrates all key infrastructure elements such
as railways, roads, tunnels, bridges, water, communications, main buildings,
energy and harbors to optimize its resources and to increase services offered to
the citizens

After the identification of various definitions in Table 1, this study has derived the
following definition for a smart city concept: A smart city concept is a digital integration
of information systems components to collect digital data and analyse it in real-time
to monitor and manage city infrastructure and to allocate resources effectively, thereby
improving service delivery and the quality of life of the citizens.

2.2 Aspects of Small and Rural Municipalities

Small and rural municipalities normally form part of local, district and national govern-
ment. In South Africa, most people live within small and rural municipalities [29]. These
municipalities are significant to the national economy [5]. Most cities could use smart
city concepts to manage their resources effectively and to improve their economy. That
is why most municipalities are engaging in smart city initiatives [30]. It is important for
municipalities to gauge their readiness or preparedness level before they engage in smart
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city initiatives, in order to address significant aspects and to avoid preventable mistakes
[1].

Literature postulates that a city or municipality should look at the stakeholders,
budget, policies, population size and economy when assessing small and rural munici-
palities’ readiness towards smart city implementation. In a municipality, a stakeholder
can be any role player that contributes in one way or another towards a sustainable
smart city. Stakeholders can be municipalities themselves, staff, government depart-
ments, state-owned entities, private companies, citizens, tourists, research communities,
universities, application developers and software companies [31]. These stakeholders
should understand the objectives behind implementing smart city concepts and provide
the necessary support for a smart city project [5] because they are an important part of
ensuring that a smart city concept becomes a reality in a city or municipality [15].

Stakeholders depend on municipality or city budgets to execute their duties properly
[7]. Budgeting is critical in the development of a smart city. This aspect is key because,
for a city to improve its information technology infrastructure and to acquire the latest,
innovative technologies, it needs an adequate budget [5]. Municipalities should budget
for money to buy digital infrastructure and to pay any service provider who will take
part in their smart city projects [32, 33].

As indicated previously, small and rural municipalities are significant to the national
economy. It is important, as well, to consider municipal economy because it improves
the standard of living of the citizens by unlocking opportunities such as high-quality
infrastructure, new business opportunities, growing ecosystems and competitiveness, to
name just a few [34, 35]. A strong economy promotes digital innovation, development
and the management of a smart city [9, 36]. For a city to be smart, it needs a strong
economy and this can be achieved through the use of information technology, social
growth and sustainability [35].

Furthermore, policies are critical to guide a smart city initiative [13]. A well-defined
policy should have clear expectations and action plans on how to address issues such
as quality of life, mobility, accessibility, health [4], education, and overall urban opera-
tions and services [37, 38]. However, when crafting these policies, policymakers should
reconsider the structure and rules that delay digital innovation and the implementation
of a smart city concept [39, 40].

The next section of this paper presents an overview of the method used to iden-
tify relevant literature sources for this study. Section 4 discusses major factors that are
important in assessing small and rural municipalities’ readiness. Section 5 proposes an
integrated conceptual framework to assess small and rural municipalities’ readiness for
smart city implementation. This holistic framework is a synthesis based on knowledge
that is already available. The last section concludes the paper.

3 Method

The study identified literature on municipality readiness towards smart city implemen-
tation through a systematic literature review. This section starts by outlining the search
criteria and then explains the inclusion and exclusion of particular literature.

The researchers followed a systematic strategy [41] to identify, assess and synthesize
existing literature produced by other scholars [42]. To search the literature, the phrase
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“smart city AND readiness” was used as the keywords to search for relevant sources
in various databases. These databases include Scopus, ScienceDirect or Elsevier, AIS
eLibrary (AISeL), Proquest (ABI/INFORM collection), Ebscohost and JSTOR. These
databases were selected because they focus on IS research. The search was limited to
peer-reviewed papers published between 2015 and 2020 in English. The search retrieved
29 articles from the listed databases (see Table 2).

The retrieved records were screened by examining the keywords, titles and abstracts
to check their relevancy. Three records were excluded during this phase because the
studies did not address smart city issues. After reading the full texts of the remaining
sources, five more records were excluded because it transpired on this close reading that
the content was not relevant – these sources dealt with different topics. A total of 21
sources remained.

Table 2. Search results.

Databases Initial search results Final reviewed results

Scopus 0 0

ScienceDirect 14 11

AIS eLibrary (AISeL) 2 2

Proquest (ABI/INFORM collection) 12 7

Ebscohost 1 1

JSTOR 0 0

Reviewed results from forward and backward
search

0 24

Total 29 45

To identify additional sources relevant to this study, the researcher used forward
searches (citation searches) to find later publications referencing the sources that had
been identified during the initial sifting, as well as backward searches (reference
searches) to identify older salient citations in the original list of 21 sources. During
this phase, 24 new records with relevant topics, keywords and abstracts were identified
and included. Therefore, 45 papers were included for review in this study (cf. Fig. 1).

A systematic literature review research method was used to identify literature with
the objective of answering the research question. The research question was used to
identify literature relevant to the research topic. The question for this study is as follows:
What are the important factors that can be used as indicators to assess small and rural
municipalities’ readiness towards smart city implementation?The answer to the research
question was obtained through an examination of the literature, using a critical, analytic
and synthetic approach.
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Fig. 1. Literature identification diagram.

4 Discussion

A systematic literature review provides insight into important factors that can be used
to assess small and rural municipalities’ readiness for smart city implementation [42].
This paper analyzed literature in the information systems field from the databases listed
in Sect. 3. There are few studies that investigate the assessment of small and rural
municipalities’ readiness towards smart city implementation.

Therefore, this paper identified institutional factors, technological factors, human
factors [14, 16], environmental factors [1], societal factors and cultural factors [16, 43]
as essential factors that can be used to assess small and rural municipalities’ readiness.

This paper identified environmental factors as one of the significant components
when assessing small and rural municipalities’ readiness [2]. To implement a smart city
concept successfully, the environment should be ready [44]. When measuring environ-
mental readiness, population size, stakeholders, policies, budget, economy, buildings,
resources, social issues and cultural issues are important. Evaluating each of these will
provide a municipality with an in-depth understanding of what should be improved
before engaging in a smart city initiative [30].

According to the literature, population size is linked with policies, budget, buildings,
economy, resources, social issues and cultural issues. When the population increases, it
affects these aspects [1, 44]. For example, if the population increases, it affects existing
resources and the budget, whichwill lead to poor service delivery.Assessing these factors
will help the municipality to plan and sequence its smart city initiatives properly [1].
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The technological factor is seen as a main factor for assessing small and rural
municipalities’ readiness because it plays a significant role in the implementation of a
smart city [7, 45]. The development of a smart city is not the adoption of information
technologies alone [16]. It also encompasses information systems drivers for a smart city
development, which are smart technologies, technology infrastructure, data, innovation
and IoT [1, 12].

Literature indicates that smart city projects should start with a physical infrastruc-
ture, since this is the foundation for the innovation of ecosystems [22]. Small and rural
municipalities should assess their technological factor readiness level before engaging
in a smart city initiative [1]. If a city’s technological factor needs attention, the munici-
pality can invest in the infrastructure, data, innovation and IoT to prepare for the smooth
implementation of the project [1, 11].

Even though technology is regarded as a pillar in the implementation of smart city
concept, it has some barriers that should be addressed [28]. Technology needs skilled
human resources. Providing technology or information technology skills training or
educating these human resources might pose challenges emanating from other factors.
For example, a city should have a budget to train people [45]. If it does not have enough
funds, this implies that its environmental element is not ready and that the human element
will also not be ready [1].

Humans are regarded as enabling factors in different studies [46]. Human factors
focus on the evaluation of human characteristics such as education level, experience and
creativity [7]. These characteristics are important in the implementation of a smart city
concept, because humans are agents of innovation during a smart city initiative [30].
People who do not have a certain level of education and experience with technology
tend to find it difficult to participate in the project and smart city itself. In Africa, the
inclusion of human and environment factors are especially important to facilitate the
Africanisation of information systems within local cultures on the continent, thereby
promoting optimism about smart city endeavors.

In a smart city, decision makers rely on the data produced by people to generate the
trends, patterns, measures and indicators used to set their targets tomonitor performance,
assess risk and to make decisions [9, 40]. A city should assess its human factor readiness
level before engaging in a smart city initiative [5]. This will assist cities to organize
workshops to familiarize their citizens on how to use particular technologies.

Institutional factors are also known as organizational factors. These factors focus on
the organizational executives, staff and partnership with other organizations. Organiza-
tions have a significant role to play by promoting the smart city concept as an innovation
to transform a city [1, 47]. When pursuing a smart city project, organizations are sup-
posed to be one hundred per cent involved throughout the smart city project process,
with some among them providing a variety of forms of help while others contribute
by sponsoring smart city initiatives and donating resources [5, 26]. Among the com-
panies involved may be service providers that render system design, development and
maintenance services to ensure successful implementation [5].
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5 Conceptual Framework

The proposed integrated conceptual framework to assess small and rural municipalities’
readiness for smart city implementation – which forms the context for this study –
was developed by integrating 27 components from the Technology, Organization and
Environment (TOE) framework; Delone and McLean model; Technology Readiness
Index (TRI) andDiffusion of Innovation (DOI) theory. Figure 2 shows these components.

Fig. 2. Proposed integrated framework to assess small and rural municipalities’ readiness for
smart city implementation.

The proposed framework shows that human readiness, organization readiness, tech-
nology readiness [16] and environment readiness [1] are significant for small and rural
municipalities’ readiness towards smart city implementation. Once these four dimen-
sions are ready, a city can be considered ready to implement a smart city concept. Human
readiness is influenced by education level, experience [44], innovation and optimism,
while organization readiness is influenced by executive support, partnerships, skilled
staff, size and resources. Most scholars have identified technology readiness as key in
collecting and analysing digital data. When collecting data for a smart city, data security
is a major concern [13]. However, open data and big data pose some concerns for a
smart city initiative. Therefore, when assessing a city’s readiness level, a municipality
should certify that the security and privacy requirements of their systems and data are
satisfied [18, 48]. Compatibility, availability, complexity, relative advantages, informa-
tion quality and system quality play a significant role in assessing technology readiness
[13, 18]. Lastly, environment readiness is influenced by government regulation, social
norms, culture, economy and technology support infrastructure [11]. If all human, tech-
nological, environmental and organizational aspects are ready, a city may implement a
smart city initiative with minimal challenges.
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Integrating human, technological, organizational and environmental factors in one
framework will enable small and rural municipalities to conduct comprehensive assess-
ments of their readiness for smart city implementation. Furthermore, the element of
culture, social norms and size are especially important for small and rural municipalities.

6 Conclusion

This paper proposes an integrated conceptual framework (Fig. 2) that has been developed
to assist small and rural municipalities to gauge their readiness level towards smart city
implementation. It was created through analyzing various readiness frameworks in the
smart city domain from previous studies to identify important factors that could be used.
The rationale for this is to synthesize key factors and present an integrated framework that
could be used to conduct a comprehensive assessment of small and rural municipalities’
readiness towards smart city implementation.

The proposed framework gives broad principles and does not prescribe specific
technologies, infrastructure, data and partnerships. The proposed framework could assist
small and rural municipalities to measure their readiness level in a holistic way before
embarking on a smart city initiative, thus enabling them to allocate and manage their
resources effectively.

The integrated framework’s indicators may also assist municipalities that are not
yet ready for a smart city implementation to identify suitable hardware, software and
other related concepts during strategic planning of smart city endeavors. Therefore,
this framework might also be important for decision makers who are charged with the
responsibility of smart city implementation in order to ensure that all essential aspects
are addressed during planning and implementation.

The implementation of smart city technologies will enable smart education [49].
Smart education can improve citizens and learners’ quality of learning using smart
technologies that support education and training, thereby facilitating the international
sustainable development goal of quality education and lifelong learning opportunities
for all communities (cf. https://sdgs.un.org/goals). Smart city technologies will enable
citizens and learners to learn effectively and comfortably [49, 50]. Citizens who are
knowledgeable will be thoughtful, responsible and productive [50].

A limitation of the paper is the lack of empirical evidence to support the proposed
framework. However, the integrated conceptual framework proposed in this paper pro-
vides the foundation from which future empirical research can proceed to validate,
improve and implement the theoretical construct.

Acknowledgments. The work is based on research supported in part by the National Research
Foundation (NRF) of South Africa (Grant Number 132180) and the University of South Africa’s
Research Professor Support Programme. The grant holder acknowledges that opinions, findings
and conclusions or recommendations expressed are that of the authors and that the NRF/Unisa
accepts no liability whatsoever in this regard. We would like to thank the editors, programme
chairs and reviewers for their feedback that guided us to improve the article.

https://sdgs.un.org/goals


An Integrated Conceptual Framework to Assess 271

References

1. Dewi, M.A.A., Hidayanto, A.N., Purwandari, B., Kosandi, M., Budi, N.F.A.: Smart city
readiness model based on technology-organization-environment (TOE) framework and its
effect on adoption decision. In: 22nd PacificAsia Conference on Information Systems (PACIS
2018), pp. 1–15. Association for Information Systems, Yokohama (2018)

2. Ibrahim, M., El-Zaart, A., Adams, C.: Smart sustainable cities roadmap: readiness for
transformation towards urban sustainability. Sustain. Cities Soc. 60(1), 530–540 (2018)

3. Smith, M.: Industry, government & academia - a relationship paradigm fit for the future
of transport infrastructure assets. In: International High-Performance Built Environment
Conference, pp. 1705–1715. Procedia Engineering (2017)

4. Shokeir, R.G., Yahia, I.B.: Moving toward smart cities: insights from the MENA region. Int.
J. Web Based Communities 16(1), 92–108 (2020)

5. Bashynska, I., Dyskina, A.: The overview-analytical document of the international experience
of building smart city. Bus.: Theory Pract. 19(1), 241–288 (2018)

6. Berst, J., Enbysk, L., Ebi, K., Cooley, D., Peeples, D.: Smart cities readiness guide: the
planning manual for building tomorrow’s cities today. Smart Cities Council, USA (2015).
https://smartcitiescouncil.com/resources/smart-cities-readiness-guide.Accessed 17Feb 2021

7. Yu, J., Wen, Y., Jin, J., Zhang, Y.: Towards a service-dominant platform for public value co-
creation in a smart city: evidence from two metropolitan cities in China. Technol. Forecast.
Soc. Chang. 142(1), 168–182 (2019)

8. Moravcova-Skoludova, J., Chocholousova, M.: Contemporary technologies and smart city
concept systems in the Czech Republic. In: 45th International Scientific Conference on Eco-
nomic and Social Development: XIX International Social Congress (ISC 2019), pp. 177–185,
Moscow (2019)

9. Alawadhi, S., et al.: Building understanding of smart city initiatives. In: Scholl, H.J., Janssen,
M., Wimmer, M.A., Moe, C.E., Flak, L.S. (eds.) EGOV 2012. LNCS, vol. 7443, pp. 40–53.
Springer, Heidelberg (2012). https://doi.org/10.1007/978-3-642-33489-4_4

10. Dameri, R.P., Dameri, R.P.: Searching for smart city definition: a comprehensive proposal.
Int. J. Comput. Technol. 11(1), 2544–2551 (2013)

11. Barham, H., Daim, T.: The use of readiness assessment for big data projects. Sustain. Cities
Soc. 60(1), 1–12 (2020)

12. Eremia,M., Toma, L., Sanduleac,M.: The smart city concept in the 21st century. In: 10th Inter-
national Conference Interdisciplinarity in Engineering 2016, pp. 12–19. Procedia Engineering
(2017)

13. Mahesa, R., Yudoko, G., Anggoro, Y.: Dataset on the sustainable smart city development in
Indonesia. Data Brief 25(1), 1–6 (2019)

14. Desdemoustier, J., Crutzen, N., Giffinger, R.: Municipalities’ understanding of the smart city
concept: an exploratory analysis in Belgium. Technol. Forecast. Soc. Chang. 142, 129–141
(2019)
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Abstract. After mixed results in emergency virtual and remote learning during
the 2020 COVID pandemic, content assessment may have felt the greatest neg-
ative impacts. Even for in-person classroom settings, digital application literacy
provides the opportunity for teachers to orient students to the nuances of digital
applications so that novice experiences do not impact test performance. Digital
Application Literacy (DAppLit) refers to the nimble use of a web-based app or
software-based application for academic purposes, including assessment. Steps of
DAppLit include: 1) Identifying goals and consequences outside the testing envi-
ronment; 2) Modeling assessment to build digital application literacy skills; 3)
Providing low-stakes experience before a high-stakes assessment; and 4) Reflect-
ing and diagnosing the process for improvement. With impacts on assessment of
virtual and remote learning, digital comprehension skills, and challenges to adap-
tive assessment, digital application literacy is a standard needed to properly equip
all students for success in the assessment process.

Keywords: Assessment · Digital assessment literacy · Online assessment ·
Web-based assessment · Testing · Decision-making · DAppLit

1 Introduction

The pandemic school year of 2020–2021 under COVID-19 protocols has ended. What
lies ahead in the 2021–2022 school year is currently undefined. The lessons of this
dramatic and exhausting year were many and sometimes painful, but they were endured
[1]. A leading question is “Howwell did students do in school this year?” [2]. Of course,
it takes assessment to know the correct answer. For the most part, the answers are not
forthcoming.

The flaw in this procedure is in the assessment avenue itself because 2020–2021
assessments, at least those which occurred, lack validity. States like Michigan enforced
mandatory testing in the spring of 2021 for public school students. In cases in which the
school district was conducting classes virtually, students were tested virtually. In school
districtsmeeting in person, particularly oneswhich returned to school in earlyMarch due
to government incentives, the state testing sessions were close on the heals of the return
to school. Under state law, some third-grade students would not be promoted to the next
grade level because of poor reading scores on these assessments, had it not been for a
late-breaking bill in the State Congress to suspend the law for one year, due to COVID
impacts [3]. The College Board cancelled significant components of the SAT testing
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platform for 2021 as a result of complications with host locations and concerns for the
validity of a virtual testing environment. Thus, the solution at hand is the cancellation
of assessment and consequences, but when does this method end?

Classroom teachers faced similar challenges inmanagingways to copewith assessing
students who could have the textbook on the desk next to them during a testing session
or a phone within reach to text a friend for an answer. Without assessment, class proved
to be little more than a discussion or a lecture, often to blank screens with cameras in off
mode. Themain challenge occurred because the management methods of virtual courses
were very different from those of in-person classmeetings. For success to happen, a pivot
to new methods of both formative and summative assessment was needed.

As teachers explored new technologies to enhance the classroom experience, they
trod new pathways and navigated new challenges which few had been trained to manage.
For teachers to learn the new online apps or computer applications themselves was the
first concern. The next step was how to integrate them with the curriculum. Finally, it
was necessary to teach the use of these new resources to students. Handling all three
of these factors successfully was a Herculean task, particularly because it required new
literacies, many of which had not yet been articulated. Digital Application Literacy is
one such element.

Digital Application Literacy refers to the nimble use of an app (web-based) or appli-
cation (computer-based) for education, including assessment. In order to reach a posi-
tion of having Digital Application Literacy, students require proper orientation with new
resources, guided practice, low-stakes experiences, and the opportunity to discuss the
procedures in order to be fully successful in the new environment. While children may
sometimes seem more computer savvy than their elders, that does not mean that they
have adequately explored the depth and breadth of the options available to them. From
this perspective, a “good enough” understanding is far from enough when students are
being assessed, either formatively or summatively, by their interactions with the digital
application.

1.1 To First-Timers, Doors Look Like Barriers

We don’t come into this world knowing how to interpret our surroundings; we must
be taught, by others with knowledge or by experience. To a toddler, the world is full
of barriers, until he/she learns to circumvent them. To a first timer, a door looks like a
barrier until one knows to turn the knob and push forward. This is the essential quality
of literacy.

The same is true of all navigation features on a digital device. Blue words in the
middle of a sentence do not inherently broadcast a message to click the portal to another
web page; this must be learned through experience or education. The same is true of
“user-friendly” icons in a toolbar, the magnifying glass which reveals a search bar, and
the “X” to close a screen is not intuitive, especially when it occurs in one place on
Windows and the opposite location on a Mac.

Teaching technology skills is essential. According to Chris Lehmann, Principal of
Science Leadership Academy, “Technology must be like oxygen: ubiquitous, necessary,
and invisible.” [4]. In order to be ubiquitous, it must be available. With remote learning
during the pandemic, school systems learned how necessary technology really is. To be
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invisible, it must be integrated as second nature to students, but first it must be taught
through experience.

Technology alone is not a solution. As the TPACK framework expresses, teachers
exist in multiple domains when operating in the classroom, specifically: technological
knowledge, pedagogical knowledge, and content knowledge [5]. Digital Application
Literacy is a pedagogical model for imparting technological knowledge to students,
which is nuanced by choices informed by content knowledge, that is taught or assessed
using the app/application.

The science of digital literacy (defined as reading in an online environment) plays
a role which cannot be denied. Sahin [6] demonstrated that preference and experience
impact the ability to read digital texts with the same expertise as printed ones. In a
digital environment, reading speed and accuracy are inversely correlated to a greater
degree than with print material [7]. The introduction of reading goals, initial browsing,
and limited re-reading strongly correlate to improved comprehension in online texts [8].
When readers encounter difficult material to digest and interpret in a digital medium,
they experience physical reactions, such as changes in skin conductance, increased heart
rate, and a lowered volume of blood to the fingers [9]. On a digital page, type size,
line spacing, presence of headings, and alignment impact comprehension to a greater
degree than is true of text pages, whereas simple text enhancements like bold, underline,
and italics do not [10]. Given the marked impact that these simple adjustments to a web
page can make on comprehension, reason suggests the potential for even greater impacts
when the method of initial contact with an app/application is augmented.

Apart from some simple enhancements like headings or the occasional image, printed
pages have limited factors which compete for the reader’s attention, whereas websites
and individual pages represent an obstacle course of intrusions. Bland pages (entirely
text-based) and overly interactive sites impede user facility, demonstrating moderate
interactivity as themost successful approach [11]. Among pages of awebsite, contrasting
complexity levels can be helpful though disorder and dissimilarity are not [12]. The linear
task of reading on paper simply requires fewer decisions than digital navigation of a web
page where page elements have power to change the experience [13]. When assessment
is an outcome of the experience, these competing factors, user variables, and decision-
making opportunities must be explored outside of the assessment framework in order to
properly prepare learners to deliver their best work product.

An important conundrum can powerfully impact the results of digital assessment
in the form of help availability. Many apps have built-in features to assist users in
understanding the task, such as guidedwalkthroughs, tutorials, pop-up informationwhen
hovering, help bots, and companion help sites. When in a classroom-based assessment
environment, getting help is most likely raising a hand to get the teacher’s attention for
a private question. In a digital assessment, the opportunity for help may be blurred by
time limitations and fears of invalidating the assessment by clicking something “wrong.”
Self-diagnosis of the need for help is critical before students will seek help. High-level
skills are required to reach the confidence to seek help, so the students who may need it
most are those individuals least likely to utilize help features [14]. Proper preparedness
in the availability of help features, the steps for reaching them, and the consequences of
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each step in both time and point deductions must be made clear to students outside the
confines of an actual assessment.

Lest it seem like all digital assessment features are cautionary, the medium offers
additional means for improving the opportunity of learners through methods which are
not possible or are at least farmore complex in the analog arena. The addition of color, for
example, can add significant cost in the printmedium, but does not have this drawback on
a webpage. Thus, digital scaffolding, such as highlighting and color-coding of passages
or page elements, are simply managed and yield benefits to reading comprehension and
navigation [15]. Vocabulary terms can include hover text definitions to inform readers.
Related topics when mentioned on a text page can be hyperlinked to improve the depth
of knowledge and pursue a curiosity at the precise moment of greatest engagement. Even
when such resources are not embedded as a feature of the app/application, working in
a digital environment can empower students with the confidence to seek information in
another browser window, an operation which would be far more complex with just paper
and pencil. While this can cross ethical lines in assessment, such expectations should be
made clear to students prior to the task, instead of becoming a quandary they must face
in the middle of the assessment.

1.2 Digital Application Literacy

The model of Digital Application Literacy (DAppLit) focuses on equipping learners
with skills to navigate, digest, and manage online applications effectively. It arose from
the study of Digital Assessment Literacy theory, which was designed to equip teach-
ers to target assessments so that they meet educational goals [16]. However, preparing
assessments to meet the needs of students and the expectations of assigned curriculum
does not solve the whole problem. The pedagogy of preparing learners for the task ahead
of them is essential.

While it is true that Digital Assessment Literacy would guard against poorly written
tests in favor of ideal assessment which properly evaluates each learning goal [17], some
tenets of digital assessment are skill-based [18, 19]. For example, a fill-in-the-blank test
engenders problems in scoring as a result of misspellings, unexpected capitalization or
failure to do so, or the use of a synonym. Thesewould be considered aDigital Assessment
Literacy failing on the part of the teacher to account to the possible outcomes of the
students. However, if the student must click “OK” to save each answer before moving
on or before finishing the assessment, the matter can be solved by teaching principles to
students. After all, a student who scores a zero on the assessment because his answers
were not saved properly is different from a student who got the wrong answer to every
assessment question. One is a failure of content knowledge, whereas the other is the
result of a lack of technological acumen or experience with the assessment medium.
Teaching with a DAppLit mindset can eliminate the failures of the latter issue.

2 Applying DAppLit

2.1 Identifying Goals and Consequences…Before It Counts

Classroom teachers, departments, schools, and districts have multiple purposes for
choosing assessment. Students do not always understand those purposes, but look at
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every assessment as a “test” which translates to a high-stakes consequence with a per-
manent label affixed to them which limits their options in an on-going way. This is
seldom the true story. Teachers may use formative assessment in each class session to
collect data on student comprehension. Departments and districts may use assessment
for alignment and calibration across multiple teachers or school buildings. Schools and
districts may use assessment of students to evaluate teachers. Note that few of these are
a means of direct pressure on student personal performance, but, for students, pressure
comes with all tests. Students need to know who is really being assessed. They need to
know if the assessment is intermittent. They need to know if it is reportable and fixable.
Why? Overthinking and stressors can sabotage the outcome for a teacher seeking for-
mative feedback. In formatives, feedback is the objective for teachers and for students.
Undermining it with pressure invalidates the entire assessment. In summative assess-
ment, students who know what is being tested and what the consequences will be for
different performance levels are better equipped for optimal engagement of the task.

2.2 Modeling Assessment to Build Digital Application Literacy Skills

Hands-on learning has its place (and that will be part of 2.3), however, many young
people have impulsive tendencies and others have issues with timidity, which impair the
authenticity of responses. A practiced educator must take the time to explore features of
the assessment medium with students. Modeling is often a missed step in the teaching
process because it requires added time. Some features to include in modeling are sign-in
procedures, such as using a Google SSO, reminding students to use their school email
instead of a personal one, properly entering the class identification code so the teacher
will have access via the app’s teacher dashboard, and even whether they are allowed
to sign in with a nickname or their given names. The rest depends on the app. Other
considerations may include timing, features on the frame of the workspace, stages of the
assessment, specifics on the topic, number of chances allowed, how to move from one
question to another, types of answers, detail level of responses, and assumptions to make
or avoid. However, this is not a matter of lecturing students about app use because this
would significantly reduce engagement. Students should feel free to politely interrupt
the process with pressing questions because the truth is that these spontaneous curiosities
would be present when they are assessed independently. It benefits them to get answers
outside the context of their own testing session to avoid impacts on assessment time
limits and choice-making. An important feature to model is the help availability in the
app or the use of “hints” which can sometimes impact the possible score with a slight
reduction or a full cancellation of credit for the item/question.

2.3 Providing a Low-Stakes Experience Before a High-Stakes Assessment

Apart frompretesting a class to calibrate the level of fluency in a topic before any teaching
lessons occur, educators are not in the practice of testing first and potentially teaching
later…or so we think. However, failing to give students a real-time test environment
experience in a digital medium prior to a summative assessment serves the same ends.
Expectancy-Value Theory indicates that potential competing outcomes may impact the
decision-making of students [20]. When an assessment medium was used through the
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course of a school year for multiple independent units, students improved 10% from
the first assessment to one mid-year and an additional 15% by the end of the year [21].
When the content material is mutually exclusive the results indicate that students have
learned how to use the assessment app/application up to 25% through the course of
the year. However, many teachers would interpret the results as lower performance on
the first assessment content and superior performance on the content topic of the last
assessment. Fromamore comprehensive view, students are actually demonstrating better
digital application literacy by the end of the school year, not greater content knowledge.

The danger in misapplying the improvement of students is corruption of the valid-
ity of assessment. While the later testing situation is more reflective of actual student
knowledge, it is possible to eliminate DAppLit bias from all scores, by fully introducing
the app/application to students in advance of an actual assessment. However, creativity
is needed to find low-stakes methods which will simulate the real-time testing environ-
ment. With some apps, such as Google Forms, creating a beginning-of-the-year student
questionnaire to gain personal profile information can serve as a preliminary experience
for teachers who use Google Forms for weekly quizzes. Construction of the question-
naire should include test-like elements, such as the response validation feature which
requires a date, time, or specifically formatted number, so that students face the possible
anxiety of an error message. Another feature would be including some required and
some optional questions so that students experience what to do or what messages they
will encounter if they miss a required question. The same basic tenets apply with any
quiz platform, including those which are part of a learning management system (LMS).

In other cases, it is necessary to create an assessment simulation in amore specifically
targeted app. In this situation, an alternative version of the assessment can serve as the
low-stakes practice for a later test. While more work is involved in creating two versions
of the same content assessment and twice as many question prompts, the importance
of valid summative assessment outweighs the short-term effort. One option to consider
is using last year’s assessment as a simulation and creating an updated version for the
actual summative assessment. This provides a platform of incremental improvement
which is also good pedagogy. The hidden benefit of these steps is that students can view
the classroom environment as a safe place to make preliminary mistakes in order to learn
and develop a classroom culture which serves as an affinity space [22]. While mistakes
are not a desired goal, fixing them is suitable classwork.

2.4 Reflecting and Diagnosing the Process for Improvement

While reflection is often an undervalued step, utilizing it can serve as a means to share
knowledge gained by one student with others in the class in a productive way. The
reflection stage of teaching Digital Application Literacy is two-fold. It should occur
after the low-stakes practice assessment, but it should also be implemented after the full-
scale summative assessment. New situations and literacy challenges can arise in either
setting, so capturing them as learning experiences will inform and empower students on
subsequent assessments. Even if learners will not be using the same assessment medium
in the class, transfer skills can apply this learning to other contexts.

Self-assessment or gauging performance can provide students with an invaluable
skill.When teachers ask students how they performed on the assessment, answers shared
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with the classroom are likely tomisrepresent the actual perception of students, so logging
private responses, such as with test wrappers [23] can be a valuable tool. These allow
learners to compare their initial perceptions with actual feedback from the assessment
when it is available. Reconciling variations between perception and reality helps students
to develop authentic perceptions in the future.

At least the first time the app/application is used for assessment, a dialogue should
occur afterward to provide students with a forum for expressing frustrations and finding
productive solutions before encountering the assessment platform again. While it is
important to establish a judgment-free zone for discussion, responses from students
may still be limited. Time for personal reflection is encouraged and permitting a private
opportunity to explore alternative strategies may be helpful for students uncomfortable
with sharing their mistakes and misinterpretations with the class.

3 Conclusions

The theory of Digital Application Literacy strikes at the heart of assessment literacy, but
particularly Digital Assessment Literacy [16] which requires a diverse array of strategies
and clear goal definition from teachers in order to accurately reveal the level of classroom
learning that has occurred. Without digital application literacy, identifying the outcomes
as the result of content learning is not possible. Too many other factors could corrupt
the findings of the assessment. Since the assessment goal of the classroom teacher is
presumably to determine how much the student knows about the content at the end of a
lesson or unit, any corruption of those findings interferes with the entire process toward
the educational goal.

The impact of an absence of digital application literacy among students can affect
multiple aspects of classroom experience. Among those impacts are spending excess
time teaching a concept that students already know well, but which does not display
effectively in the assessment. Poorer scores among students impact them emotionally
and can affect their academic standing. Classwide score impacts can label a class, a
teacher, or a school as deficient, when that is merely the failure to adequately attending
to digital application literacy.

Impacts aremore profound in the arena of adaptive assessment. Because it is designed
to pinpoint levels of understanding by posing questions across a wide range of levels and
narrowing to specific areas to identify where knowledge gaps occur [24], inaccuracies in
responses to questions during that narrowing phase could improperly limit the range for
the rest of the assessment. Since the specifics of what a student knows and does not know
are misrepresented by responses based on inadequate experience with the assessment
medium [25], the resulting scores are more likely to underrepresent student knowledge
levels.

Acknowledging the misalignments which can occur between assessing students ade-
quately with and without preparation in the medium, the difference between content
knowledge and digital application literacy, and the need for regular digital application
literacy training of students and digital assessment literacy training of teachers paints
an uncertain picture. Much like an optometric exam, educational experts must continue
to ask the question: Which is clearer – A or B?, in order to reach the precise position
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that assessments are revealing what educators need to know. The ophthalmologist asks
the question multiple times to gain precision in all aspects of measurement of the lens.
Rushing the process of assessment could yield equally blurry results. Taking the time for
appropriate digital application literacy yields not only clarity for teachers, but also the
truest experience for students who can reflect on their actual knowledge and responses,
minimizing anxieties and other emotional aspects related to the testing medium.
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Abstract. Big Data is widely used in a growing number of business processes to
open up new spaces for optimizing, improving and adapting the decision making
to the changing environment. Businesses and universities are forced by the com-
petition to engage various and, until recently external, elements in their internal
innovation efforts. Examples of such openness of the innovation process and inno-
vation practices are the involvement of customers, students, competitors, living
laboratories, external collaborators and often external data. Data plays a crucial
role in innovation development. Big data has the ability to open up the innovation
process of enterprises and to link the developed innovationswith knowledge, infor-
mation and lessons learned from many external sources. This study introduces a
bibliometric analysis of the application of Big Data in the innovation process to
analyse the current research on the topic. The analysis scrutinizingly examines the
science literature by: keyword analysis, word and trend analysis, coupling clus-
tering, source and authors’ review to reveal the path of the research development
in the field and to provide insight to innovation management professionals and
scholars.

Keywords: Innovation process · Big Data · Innovation management · Data
management · Bibliometric analysis

1 Introduction

It is widely discussed in the scientific literature that digitalization provides new oppor-
tunities for process improvement in industries and enables process innovation. [1]. Dig-
italization rely on data and technologies to automate and introduce novel advantages of
data to optimize processes [2]. Data can also motivate and facilitate new value-creation
and revenue-generation of opportunities [3]. Opening up to new and external data can
make enterprises’ innovation more adjusted and adapted to the constant changes of the
market and customers’ needs [3]. Data is reckoned to be crucial also in innovation man-
agement in times of crises and multidisciplinary or cross-sectional innovations [4]. Data
and business intelligence solutions are acknowledged as an impetus for organizations of
any size sector [5].

Big Data can ensure optimal use of resources, reduce decision-making time and
introduce insights into product development [6] and is even seen as a tool for the firm’s
innovation competence [7].
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The motivation for this research was provoked by the call for urgent research in the
field of economic value of data and in particular big data [5] and the launch of a research
project on the gaps and lags in the digitalization of the company’s innovation process.
The structure of the research is organized, emphasizing the results of the bibliometric
analysis with a brief theoretical background on the research topic: innovation process
and big data in business processes and innovation. The results may be of interest to
scientists and practitioners dealing with management issues in terms of digitization and
optimization of innovation management.

2 Theoretical Background

2.1 Innovation Process

Innovation process is usually seen as a means of development innovation and innovation
management across organizations. Over the years, it has been intensively analysed for
its development and progress. The enterprise innovation process (often mentioned as
a firm’s innovation process or internal innovation process) has attracted the interest of
researchers since the 1950s and still is a subject of research because of its constantly
developing nature. Generally, the innovation process is a chain of activities and strategic
andorganizational vision related to the development and commercializationof innovative
products, processes, organizational setups ormarketing initiatives. Its evolution has gone
through different concepts and theories starting from more general and industry-based
theories to more-internal-to firm’s models, systematized holistically from Rothwell [8]
into 5 categories: The Technology Push Theory - 1950s, The Market Pull Theory -
1960s, The Coupling Innovation Process Theory - 1970s-1980s, The Functional Inte-
grated Innovation Process Theory (Imai, 1985) - 1980s, The Systems Integration and
Networking Innovation Process Theory - 1990s.

This study steps on the simple innovation process presented by Tidd and Pavitt [9],
containing the following phases for innovation development: search, select, implement
and capture and the simple process-based version of Dziallas, Knut Blind [10]: strategy,
definition, conceptualization, testing and validation, production and final market launch.

2.2 Big Data in Business Processes and Innovation

Data is simple raw facts that reflect the characteristics of an object or event [11]. Data and
Big Data in specific can bring immense benefit for businesses by providing insights from
analysing large sizes of various data [12]. Data-driven insights are crucial for business
processes and innovations in general [13]. New digital business models related to Big
Data and incorporated into the business processes can reduce costs, generate additional
revenue from digital solutions, optimize customer interaction and improve customer
service by studying their experience [14]. Business process management field has been
already engagedwith big data concepts and the science literature provides severalmodels
for big data use in order to guide, optimize and forecast business processes [15].
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3 Research Design

The research design is based on criteria for inclusion and exclusion of data extraction
and conducted bibliometric analyses for research of the complex topic from the mul-
tidisciplinary areas of innovation and technology management and business process
management.

3.1 Data Extraction and Scope Definition

The data for conducting the analysis was extracted from Scopus database and offers
science articles, conference papers and reviews, published in journals or conference
papers indexed by Scopus. The Boolean search used for obtaining the science pieces of
research was:

TITLE−ABS−KEY ("innovation process" AND "big data")

Asa result,we achieved 59 research pieces.We excluded fromour data set conference
reviews and notes and the source thatwe based our research contains 54.Wekeep: articles
(26), book chapters (3), conference papers (21) and reviews (4). The timespan of the
publications was from 2013 to 2021 (extracted in April 2021) from 48 sources. Figure 1
presents the science productionmeeting our inclusion and exclusion criteriawhich seems
to be highly under-researched (it is expected to immensely increase in the next few years
with the advancements of Big Data application in business processes). The extraction
was conducted in April 2021 which explains the decrease for this year on the figure.

Fig. 1. Science production on Big Data in innovation process

3.2 Bibliometric Analysis

The bibliometric analysis in this study was performed using the open source application
Bibliometrix, theRpackage, and its Biblioshiny tool. It was chosen becauseBibliometrix
contains a wider range of techniques than all other bibliometric software and is suitable
for non-coders through Biblioshiny [16].
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The applied bibliometric analyses were:

• Keywords analysis (unigram, bigram and trigram analysis)
• Citation analysis
• Three fields plot analyses based on journals, keywords, countries, authors
• A thematic map (based on keywords, titles, abstracts)
• Clustering by coupling.

4 Results and Discussion

The results of the bibliometric analysis are presented sequentially according to their
conduct. A discussion takes place after each presentation of results. The first analysis
presents through three fields plot the top 10 countries researching the topic, keywords
associated with these publications and the authors.

Fig. 2. Three plot analysis for top 10 countries, keywords and authors

The illustration of the analysed three elements on Fig. 2 are linked through their
relationships which display the scale of each research stream. Thereby, it is clear that
big data and big data analysis are amongst the central terms around the research in the
area of innovation processes with big data use. The countries most interested in the
topic are Germany and Italy. Authors from Italy specifically emphasized on research
related to open innovation as part of their research on innovation process and big data
utilization. The top 10words encountered among the author’s keywords are: big data, big
data analytics, open innovation, co-innovation, innovation, innovation process, digital
innovation, data analytics, innovation management and artificial intelligence. On Fig. 3
is presented a cross analysis of keywords, sources and affiliation of authors.
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Fig. 3. Three plot analysis on author’s keywords, sources and affiliation

The presented results provide insight on the sources publishing mostly on the topic.
These are: Management Science, Procedia CIRP, Communications in computer and
information science, Economics of innovation and new technology, Creativity and Inno-
vation management and Sustainability as well as a few conference proceedings focusing
on technology management.

Clarifying the focal point, the following figure provides information on the number
of times the most common keywords are mentioned: big data (20), innovation (7) and
innovation process (7) (Fig. 4).

Fig. 4. Most relevant keywords (unigram)

The most represented words within titles using the approach of a single word (uni-
gram) are presented on Fig. 5 through a tree mapping. Titles, opposed to author’s key-
words, are more insightful for the words-by topics in the scope of the research. Out of the
words ‘innovation’ met in 23% of the titles and ‘data’ with 16% frequency, comprehen-
sion has been brought by words across the titles such as: analytics, social, framework,
health, smart, technology, digital, capability, etc.
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Fig. 5. Most relevant words within titles (unigram – one word)

Adding a value to the previous graph, in Fig. 6 is presents information on the phrases
(bigram approach inword analysis) used in the titles as part of the scope of the study.Data
analytics has been found in 16% of the titles and innovation process(es) itself in 16%.
Data drive (7%), artificial intelligence (4%), driven innovation (4%), citizen observation
(4%), contentmanagement (4%) and knowledgemanagement (4%) complete the picture.

Fig. 6. Most relevant words within titles (bigrams – two words phases)

The next three figures (Fig. 7, Fig. 8 and Fig. 9) present consecutively the most
frequently used words in abstracts using word analysis unigram, bigram and trigram
methods. This is the most relevant word analysis as abstract concentrates the key infor-
mation of a research. With this clear picture of the most focused part of a research
publication as the abstract is, we pursue a holistic perspective on the most commonly
met terms on this theme.
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Fig. 7. Most relevant words in abstracts (single word analysis)

Word analysis by a single word in abstracts revealed that innovation, data, process
and analytics were the most frequently used ones.

Fig. 8. Most relevant words within abstracts (bigrams – two words in a phrase)

In bigrams word analysis, the innovation process and data analytics are amongst the
leading terms. Interesting insights on this matter are industry-university, social media,
service innovation and analysis capabilities which all are still under-research topics
within the central focal point of the research.

The trigrams word analysis provides insight on the main three words in sequence
which are most frequently met in the abstracts of the analysed research publica-
tions. These are industry university research/cooperation, information/data rich envi-
ronment/capabilities, flood risk management, etc. These results might be of possible
direction for further research. The trend topics based on titles and across the years of
research in the last 2–3 years has been focused on analytics, industry, data and pro-
cesses which words give additional arguments and motivation for this research (focused
on data as a driving change for the innovation process). The same analysis has been
conducted but from bigrams perspective. This analysis discloses that in recent years,
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Fig. 9. Most relevant words within abstracts (trigrams – three words terms)

research on technology innovation, product design, data analytics, social media and
research (industry/university) cooperation were the most debating points.

Figure 10 extends our perception on main clusters dealing with big data as part of the
innovation process. Innovation, data and management were the central focal points of
research, clustered by theCouplingmethod. An obvious differentiation is observedwhen
we are examining topics through the prism of their impact rate and not their centrality.
The level of impact intensity is displayed on the left side of the graph which suggests
that data is the most impactful word within the research and not innovation itself. This
might be reasoned by the multidisciplinarity of the research on the topic and still the
strong engineering focus on such a technological managerial function as introducing
Big Data in the firm’s innovation process.

Fig. 10. Clusters by documents coupling
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Figure 10 brings insight on the impact (y-vertical axis and x-horizontal line – the
centrality of the research. The measures used for this analysis were: unit of analysis –
documents, coupling measured by author’s keywords; local measure – local citation
score; cluster labelling by title terms. We use unigrams (single word analysis).

5 Conclusion

A painstaking analysis has taken place in this bibliometric research in order to reveal
the clear picture of the extant research on Big Data applied in the enterprise innovation
process. We defined the scope of this research to be with science publications, indexed
in Scopus containing both terms of innovation process and big data. Thus, we based
the bibliometric analysis on 54 high-quality publications. Several analyses have been
conducted such as word analyses (unigram, bigram and trigram) on titles, keywords and
abstracts of the scoped research, cluster analysis, trending topic analysis, analyses on the
changing centrality of topics in the last years. The results of this study present a holistic
and full picture of the existing knowledge and application of big data in the innovation
process which directly impacts the firm’ innovation performance. The findings of the
study contribute to the innovation process theory and also call for further research on
the ways by which the enterprise innovation process might be straightened through the
use of big data into its phases. We identified that the most trending topics when it comes
to big data in the innovation process for the last years 2018–2021 are topics related
to technology innovation, product design, and analytics. Obviously, the theme is still
under-researched and there are plenty of areas for further exploration such as integrating
the concept of big data into firm-to-user collaboration, continuous innovation, validation
of ideas, selecting innovative projects for portfolio management, etc. As some studies
outlined that less than 50% of the SMEs are not innovative [17], BD should be analyzed
in the light of overcoming the usual barriers for such firms which do not have innovation
competence by their own.

Acknowledgements. This work was supported by the UNWE Research Programme (Research
Grant No. 09/2021).
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Abstract. When technology enters classroom, it affects students’ work in vari-
ous ways. Students’ learning strategies are challenged within the variety of new
possibilities and opportunities that technologies offer in learning work. Technol-
ogy supported learning bring more openness and flexibility into the assignments
which is good for well-performing students but challenging for those with less
developed learning strategies. They tend to be more vulnerable when the com-
plexity increases and need more support to master the tasks. Or else they will drop
out of the learning activity. Motivation also increases when students are offered
technology supportedwork. Collaboration is also something that signifies learning
work with technology. Technology supported learning therefore require collabo-
rative skills; the ability to ask critical questions, to negotiate between different
meanings, and to evaluate collaborative work.

Keywords: Learning strategies · Technology supported teaching · Profession
oriented digital competence · Didactics · Student role behaviour

1 Introduction

When technologies enter the classroom, it transforms the activities in different ways.
This paper presents how the student role is affected by using technologies. It is based
on a pdh study that aimed to identify how technology change the way students work
when learning. The data is based on observations of a 10th grade class which had not
used technology in learning work before and therefore contributed with significant data
on the changes that occurred in the student role.

First, the paper takes a closer look at what happened to the student role when the
10th grade students switched to using digital technology. Furthermore, some specific
factors are pointed out that seemed to have an impact on the student role: increased
complexity in the learning process, students with special needs for adapted teaching,
and more emphasis on collaboration.

2 Method

The empirical basis of this study is a multi-case study at two schools in the North of
Norway with 25 students in 4th (9–10 years old) and 10th grade (15–16 years old). The
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datamainly build on reflection notes from participating observations, students’ products,
notes from meetings and other documents. The cases were selected on the background
of teachers’ specific interest and engagement for using technology.

The case study strategy fits well when investigating a phenomenon thoroughly
through different sources of information [1, 2]. Generalizing knowledge from a few-
unit study is challenging but still literature documents the relevance when applied to a
similar situation [3, 4].

The main source of empirical data were five weeks of participating observations
through one academic year. I observed teaching and learning situations where students
worked both with and without technology to identify the changes that use of technology
brought about. The data occurred through observation notes and reflections that were
shared with the collaborating teachers who could respond and suggest changes. My
experience as a previous teacher probably made me able to interact with the empirical
field in away they experienced as relevant. I also camewith extra hands in the classrooms
which granted me good relations and open access to the empirical field [5].

Being a researcher in a well-known field, challenge the need of a critical distance to
the practice I took part in. I therefore needed a hermeneutic approach to avoid biased
perceptions of the observed [6]. Several precautions were taken to be sure that my
conceptions were relevant to the study’s participants. The teachers and the school leaders
were involved through discussing and sharing texts. I also reported all data about the
students to their parents to assure their informed consent [5].

All data analyzing took place in the digital tool NVivo1 where the materials were
repeatedly coded to refine constructs and develop theoretical categories. The empirical
data were finally presented in narratives, which has been the source of analyses and
theorizing about the significant findings in the study [5].

2.1 Theory and Concepts

The theoretical framework has been collected within theory of learning and didactics,
with a glance towards perspectives that emerges when technology challenge the tradi-
tional perception of teaching and learning. It is not room for a full reviewof the theoretical
framework here but a presentation of some basic concepts that were used.

Danish Mads Hermansen has developed a concept of learning as a dynamic process
within three processes: feed forward – feedback, habitus – reflection, and toil – exuber-
ance [7, 8]. The dynamics between feed forward and feedback relates to the content
or the objectives of the learning work. When starting the learning process, a zone of
proximal development must be established, using the feedback on previous knowledge
and the feed forward to expectations of the new content. The student retrieves previ-
ous knowledge and sets aims according to what the new content will contribute to the
existing. When the work is in process the cognition shifts between habitus and reflection
meaning that both reflective and non-reflective knowledge are activated in the process.
Habitus stands for be haviour that is activated automatically because it is internalized,
while reflection is needed to change the previous knowledge to the new added. Habitus

1 NVivo is a well-known tool for qualitative data analysis: Qualitative Data Analysis Software |
NVivo (qsrinternational.com).
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enables automatic responses that are habituated from earlier learning and will offload the
short time memory which is important for reflection. The third dynamics, toil – exuber-
ance, is of vital importance since real learning also require some resistance to overcome
and that the flow and easy mastering is important for building the strength needed to
endure struggles [7, 8]. These perspectives can be useful when understanding student’s
role behaviour.

3 The Change of the Student Role

The changes that occur when adding technologies to the learning environment are sub-
stantial [5]. That this also affects the student role became particularly clear in the observa-
tions fromNorthwick school when the students switched to technology-supported learn-
ing in 10th grade. They had no experience in using technologies for learning supporting
purposes before and this was therefore a significant change for them.

When 10th grader Belinda in my first visit said that using technology in school is
unnecessary, it might be because the new practice breaks with her perception of what
students should do at school. Hauge and Lund operate with the concept of «institution-
alized student» [11]. The institutionalized student is delimited by the school’s structure
and culture which makes it difficult for the student to act outside what is expected. There
are clear limits on how students (and teachers) can act without coming into conflict with
the expected role behaviour and technologies challenged these expectations as the next
paragraph will show.

3.1 The Adaptation to Technology Supported Learning for the Students in 10th

Grade

The 10th graders were new to technology use in school when I first met them. They had
just started using Moodle2 to submit homework and other learning work for assessment
[5]. Belinda’s feedback that the work in Moodle involved unnecessary extra work was
clearly linked to a student role adapted to teaching without technology support. She
was used to draft by hand before submitting her work and continued doing so when
writing on her computer. Habits are to be regarded as automatic actions that are situated
within a specific situation which facilitates the work by controlling the course of action
without having to think about what is to be done [7]. Belinda had established her work
habits through nine years of schooling where the technology had been absent. In the new
situation this habit pattern which had previously worked to release cognitive capacity
[7], was not functional anymore. This may explain why she experienced the computer
as a disruptive element in the learning process. When Belinda tried to adapt the new
technology to old work habits it just increased the workload.

The physical environment was also not facilitated to use a computer in the classroom.
Itwas very cramped on the desk for both the laptop and the textbooks. The students solved
the need for space by storing the books on the floor and picking themupwhen they needed

2 Moodle is an open-source learning platform that Northwick school implemented on every level
of the school.
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it. Neither the students’ work habits nor the physical conditions in the classroom were
able to support the changes that the technology brought about.

A couple of the other girls also said that they used a lot of technologies in their
free time and that it might be okay to drop this at school. However, this view changed
rapidly. A few months later, the students had changed their work habits. They had new
ways of dealing with the practical challenges, such as working out in the hallway at a
table where there was better space than at the classroom desk. They had adapted the use
the learning platform Moodle, which provided access to the information and resources
they needed to do the schoolwork. They wrote texts on computers and submitted them
digitally, and they used Mind Maps3 for teaching science. The feedback after the school
year [5] showed that the students did not have major challenges in adjusting their roles
in the encounter with the new technology. The only objection they made was about the
quality of the internet connection. Not being able to deliver the assignments on time was
a stress factor and a functioning internet is thus a prerequisite for the students4.

The students quickly adapted to the newconditions for the learningwork and adjusted
their student roles to the new situation. This can perhaps be explained by the fact that we
humans have an enormous capacity when it comes to forming new habits that are adapted
to the challenges we face [7]. The skepticism that could be detected at the beginning of
the year can be explained by the fact that all changes automatically activate resistance
[7].

However, it may seem that the resistance is counteracted by the benefits that the use
of technology can provide. During the school year more students began to bring their
own portable equipment to school and there were also several who acquired new laptops
during the period. This can perhaps be explained by the fact that they experienced the use
of technology as useful in many ways. The fact that the students’ involvement led them
to use their own equipment at school may indicate that their role behaviour as students
was expanded to include competencies and activities they had previously associated with
their free time. If the use of technology in leisure time and at school complements and
overlaps, it is possible to suggest that students also experience schoolwork as relevant
to what they are interested in outside school. Such relevance will strengthen what Tiller
and Tiller say is of vital importance: meaning and connection between students’ lives
at school and in their free time [9, 10]. When the student role is expanded to include
competencies and resources the student has developed outside of school, the learning
work is also given new life through increased relevance for the students outside school.

3.2 Increasing Complexity in the Learning Work

When the classes worked on larger projects it was clear that the learning work increased
in complexity when using technologies. This was obvious when they worked with digital

3 They used a specific application that was designed for students’ own construction of knowl-
edge, called Mind Map in the study. The designer was a local learning technology firm which
collaborated with the school. Due to the anonymization of the school the brand therefore cannot
be named properly.

4 Most of the students answered a survey at the end of the school year with questions about their
experience with technology in their learning work.
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network resources, multimodal forms of presentation and other web-based tools, which
also has been emphasized by other researchers [12]. For some students, the use of digital
technology presented challenges while others seemed to handle this well.

A good example of how the learning work increased in complexity was a podcast
project in 10th grade, using Audacity5. They assignment involved several steps. First,
they had to draft a text and get response from the teachers. Then they had to record
their own reading of the text and choose music to go with it before producing mp3-files.
The assignment seemed very good fitted to the variation of the class since most students
welcomed the assignment and showed great enthusiasm for it and they worked hard
together in pairs.

With increasing complexity in the learning process, students face greater demands
to their learning strategies and their beliefs to succeed. To meet the demands of the
role in technology supported learning work, students therefore need more and better
learning strategies and a belief that they will succeed, which must be learned in school.
New expectations bring forward the need to revise the habituated learning patterns.
The feedforward-feedback loop, which is thus forced from habitus to reflection [7]
involving a shift from an automatic to a conscious pattern of action. Through awareness
of the automatic action responses, students can assess whether the habitual responses
are appropriate or whether they need to be changed [7]. Such awareness-raising has a
positive effect on students’ meta learning and self-regulation. This is also in line with
the new overarching part of the Norwegian curriculum from 2020: students who learn
to formulate questions, seek answers, and express their understanding in different ways
will gradually be able to take an active role in their own learning and development [13],
a role description that in many ways agrees well with the descriptions of a self-regulated
student [14, 15]. The study showed that most students in 10th grade performed well and
showed great enthusiasm for the task, which can indicate that they had the necessary
learning strategies to succeed.

3.3 The Student Role When Having Special Needs

At the same time, it turned out that some students, and perhaps especially Ben, Chris-
tian and Daniel in 10th grade, seemed to benefit less from the transition to technology
supported learning. In the light of the theory of self-regulated learning [15–17], students
must have sufficient basic skills to succeed in the learning process. Neither Ben, Chris-
tian nor Daniel had the skills and competencies they needed to succeed, nor did they
have the resilience needed to master the new challenges. It may thus appear that students
who have special adaptation needs also have the greatest challenges in adapting their
student role to use of technology.

How digital tools can help support students’ learning can be linked to how the tools
can work for scaffolding for the student’s thinking, learning strategies and motivation
during the learning process. Hermansen points to the dynamics between toil and exu-
berance as an important learning-driving force [7]. The feedforward feedback processes
are dependent on the students being able to engage in learning work that requires effort,
otherwise the progression will suffer. When the student starts with an assignment, he can

5 A sound recording app.
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be motivated and willing to learn, and assesses his possibilities positively. During the
work, challenges may arise that require re-evaluations, which he must overcome to stay
on the learning track [18]. The teacher or another support must then be present and help
the student to progress, to bring them forward [19]. Boekaerts [20] explains how students
develop avoidance strategies when they do not master the learning process. However, it
is important to emphasize the close connection between students’ experiences of mas-
tering learning work in general and the role behaviours they develop. The teacher faces
new challenges regarding adapting technology-supported teaching to the students, espe-
cially for those students who already have special adaptation needs. Salomon & Perkins
believes that students’ ability to take advantage of the opportunities that digital tools
provide must be seen in the context of their ability to self-regulate learning [21]. This
means that the student can assess and regulate the expectations and efforts in line with
the experiences gained during the learning process [22]. When teaching is technology-
supported, it must take care of the students with a need for adapted teaching so that they
develop the necessary prerequisites to be self-regulated.

The 4th graders were generally more positive about all learning work than the tenth
graders, and the use of technology did not there seem to make a difference for students
with and without the need for special adaptation. This can have several causes. The
PISA and TIMMS survey in 2000 and 2003 showed that Norwegian primary and lower
secondary school students overestimate their own prerequisites and opportunities to
succeed in academic performance. This may be due to the primary school’s formative
assessment which can be so positive and general that the students do not gain thorough
enough insight into their own academic strengths and challenges [23]. Boekaerts says
that students develop towards more and more performance orientation from the age of
10, whichmeans that the older students are more concerned with being assessed by other
students than the younger ones [18]. Possibly some of the 10th graders had accumulated
negative experiences that had led to lack of commitment and desire to learn at school.
Such negative experiences are situated in the teaching situation and are aroused when
students encounter similar experiences [18].

3.4 The Student Role in Collaborations

The study shows that students had high motivation to collaborate on learning work
where technology was included. Whether it was the technology or the actual design of
the assignments that was decisive, it is not possible to determine from the data. But
collaboration seemed to characterize the work in both classes when they worked with
technology. This is well known from classrooms where students use technology [12].

The 4th graders Vivian and Thor were learning peers in a project about the planets.
The collaboration between the two became important for the way they processed content
from the web to prepare their presentation. Their good friendship helped them to actively
adapt to each other even if their general level of performance in theoretical assignments
were different. Their discussions showed student role behaviors that involved actively
meeting each other’s needs in the collaboration [5]. The learning work establishes a
social zone for proximal development [12] and the collaboration takes on an active
role as a scaffold for both students’ learning. This can be challenging. Collaboration
requires different strategies than individual work. Among other things students must
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master learning-promoting communication such as asking critical questions and giving
constructive feedback. Vivian and Thor mastered this well [5].

Another situation occurred when Vivian was collaborating with Maria and Theresa
in another assignment about legends. It did not go smoothly. The first part of the assign-
ment involved searching for suitable pictures from the internet to illustrate the legend.
They started with writing down search terms and made searches but did not agree about
anything to use. Vivian thenmade one last attempt to search but the others accused her for
not trusting them. It was the start of a conflict which revealed relational challenges that
prevented the students from engaging in fruitful dialogues that could stimulate every-
one’s feedforward-feedback processes [5]. This also showed that relational relationships
between students seem tomatter when they collaborate. Hermansen points out that learn-
ing is a vital, existential process for the learners, which includes both emotional energy
and cognitive patterns [7], which is strongly linked to the habitus of the student role.
Students have developed habitual ways of dealing with learning work, which act as auto-
matic impulses when they face new challenges. As this ability for automatic adaptation
is so strong, Hermansen believes that it constitutes a basic flow in our lives [7]. When
two or more people collaborate, there is a good chance that they will react differently in
the encounter with the collaboration tasks, because they have developed different habits.
This can create challenges when they together define the learning object or create a plan
for the collaborative tasks. Vivian’s attempt was probably only an expression of habits
that were automatized in her student role, but in the collaboration with the other two,
this was perceived as disloyalty because it broke with what the group had agreed on.
Vivian’s habitual student behavior was thus the subject of critical reflection from the
others.

The individual’s automatic responses will be linked to emotional energy, and it will
arouse resistance if they do not work as intended. Tomove forward, studentsmust be able
to meta communicate about the learning work, to raise automatized behavioral patterns
to a reflexive level, which can be very demanding [7]. The student role is thus challenged
when the students collaborate, and it requires that they develop meta reflexive skills to
understand how their own automatic skills will work or not work in a collaboration,
and metacommunicative skills that make it possible to talk about this with their learning
partners.

There may also be social challenges associated with the collaboration that led to the
students not daring to invest too much in the learning work. If the social context is not
perceived as safe, the students can choose to avoid the learning work because they fear
being negatively assessed by the other students [16, 24]. To counteract this, teaching
must facilitate the development of a student role that promotes the competencies and
qualities needed to become resilient and withstand the resistance required to succeed in
collaborative learning. It is important to focus on understanding and procedures rather
than having the right answer [16], and to promote a safe learning environment where
students dare to show what they are struggling with and can learn from their mistakes
[25].
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4 Conclusion

The development of the student role can be understood from Hermansen’s model for
feedback and feedforward [7, 8].When students face challenges at school, their response
is based on past experiences. New situations are interpreted according to the models or
scripts that have previously solved similar situations, and the learning behaviour are
governed by these. In other words, the assessments of what is required in new situations
are made by thinking back on how they previously acted in similar situations.

In the study, it is first and foremost the 10th grade’s response to introducing tech-
nology that sheds light on the changes in the student role. It was clear that the students
acted on habits when they encountered the technology for the first time. But they adapted
quickly to the new situation, which shows that for most students, the use of technology is
easy to adapt.Most studentsweremotivated toworkwith technology-supported teaching,
which both observations and the student survey showed.

To exploit the potential for learning and teaching, the new technology requires adjust-
ments for both teachers and students. The goal is for students to become self-regulated
in their learning work. Independence requires competencies for them to be able to assess
opportunities and make decisions in relation to their collaborative or individual work.
Teachers must take this into account in their design for teaching and learning.

As the complexity of the learning process increases, the student role can be per-
ceived as more demanding. Students need strategies that are fruitful and make it possi-
ble to carry out a learning process that develops and changes continuously during the
work. Technology supported learning requires a broader repertoire of learning strategies
because the assignments are more open and complex. Also, collaborative work requires
communication skills that enables students to take advantage of the social learning
situations.

When students are encouraged to develop new strategies and greater independence
in the encounter with the learning work, this can be positive for students who master
the student role well. But students who have challenges with poor basic skills and
learning strategies can have these reinforced, something the teachers must pay special
attention to in their teaching. After all, self-regulated learning requires the student to
act independently based on reflection on their own prerequisites and competencies,
their strategies, and the expectation of success in the learning process. The student
role in a technology-rich learning environment is characterized by independence, self-
awareness, activity, competence, and expectations of one’s own learning outcome. Such
a role will also fit well with the lifelong learning process where everyone is exposed
to ever-changing demands for adjustment and development of new competencies, and
which more than anything else emphasizes learning to learn. At the same time, such
a student role is more demanding than a more traditional student role where the room
for manoeuvre is not so extensive. Students who are vulnerable in a traditional teaching
context may becomemore vulnerable when the room for manoeuvre becomes larger and
the requirements for the student role are tightened.
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Abstract. The advancement of technology and the popularity of the Internet
have significantly improved the operation of the human resources department.
Understanding e-recruitment interface attributes will enable recruiters to better
attract potential job seekers to apply for jobs online. Accordingly, this research
employed an experimental designmethodwith a questionnaire approach to explore
and evaluate the effects of aesthetic forms, recruitment information, interactive
functions, and information fitness interface attributes on job applicants. Research
results indicate that the average related importance for high aesthetic, specific
information, high interaction, and high fit is: 19.720%, 33.134%, 24.417%, and
22.729%, respectively. The most important attribute in determining preference is
specific information, followed by high interaction. Moreover, there is a signifi-
cant level of differences across educational levels toward high interaction. Results
of this research can provide a reference to recruiters for designing the optimal
e-recruitment interface to attract the desired candidates to apply for the position.

Keywords: E-recruitment · Recruiting information · Interface design · Attribute
preference · E-training

1 Introduction

According to the Manpower Group’s 2018 Talent Shortage Survey Results, 78% of
employers in Taiwan face a talent shortage. Furthermore, the wide adoption of the Inter-
net has had a profound impact on human resource management, especially in the field
of talent recruitment. When the labor market is short of manpower, how to use the E-
recruitment interface to attract outstanding talents to apply for jobs is an important issue.
The popularization of the Internet has had a profound impact on human resource man-
agement, especially in the field of talent recruitment (Chapman and Webster 2003). Lee
(2005) conducted content analysis on the e-recruitment webpages of Fortune 100 com-
panies and concluded that most companies still need to further develop the e-recruitment
system to improve their recruitment performance. Lang et al. (2011) analyzed 23 papers
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discussing the driving factors, challenges and consequences of e-recruitment. The analy-
sis results show that e-recruitment reduces the cost of recruitment and selection, increases
the number of suitable job applicants, and provides organizations and job seekers with
convenience, saves time and improves corporate image. Challenges encountered by the
e-job recruitment include excluding potential job applicants, defrauding job applicants
in the electronic evaluation process, security of job applicant data, and low qualifications
of job applicants. Holm (2012) investigated the influence of e-recruitment on the design
of the recruitment process, and results show e-recruitment transforms the traditional
recruitment process into a collaborative recruitment process that has overcomes time
and space. In addition, maintaining the company’s e-recruitment webpage is an ongoing
task of the new recruitment process. The design of the e-Job recruitment interface is
critical to whether it can attract high-quality job seekers to apply for a job. At present,
there has been little research on the e-job recruitment interfaces for Taiwan’s job market.
Therefore, this study intends to examine the effects of e-job web design attributes on the
attractiveness of Taiwanese job seekers.

2 Literature Review

We review literature related to e-recruitment and four interface attributes (aesthetic
form, recruitment information, interactive function and information fitness) in order
to construct the framework of this research.

2.1 E-recruitment

The advancement of technology and the popularity of the Internet have significantly
improved the operation of the human resources department. As a result, new professional
terms have emerged, such as e-human resource management (E-HRM) (Dhamija 2012).
E-recruitment is also a new term used to distinguish from the traditional recruitment
method. E-recruitment refers to the company’s own website or other online human
websites, such as 104, 1111, Yes123, LinkedIn, Monster, etc., to post job vacancies.
E-recruitment integrates and uses Internet technology to improve the efficiency and
effectiveness of the recruitment process to identify and attract high-quality potential
employees, which can help organizations to be innovative, flexible and competitive
(Swart 2008).

The e-recruitment method can effectively achieve a large number of recruitment
resources at a lower cost (Lee 2005a). Talent recruitment activities have become one
of the most successful commercial applications on the Internet (Cober et al. 2004; Har-
rington 2002). In addition, in traditional recruitment methods (such as advertisements in
newspapers and magazines), employers are usually limited to providing job applicants
with information about their vacant positions. In contrast, e-recruitment can provide
more information and space for communication (Van Birgelen et al. 2008). The goal of
e-recruitment is basically the same as that of traditional recruitment, that is, to attract job
seekers, maintain their interest and ultimately influence their job choices (Chapman and
Gödöllei 2017). Hafeez and Farooq (2016) found that e-recruitment has a positive impact
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on job seekers and also increases the organization’s attractiveness among competitors.
Moreover, e-recruitment is easier to use and saves work costs.

The company’s e-recruitment page is usually the main place for job seekers to ini-
tially collect information about the job opening in order to understand the job and then
apply for the job (Williamson et al. 2003). In addition, the organization should eval-
uate the applicant’s response to its web page since it is related to the organization’s
perceptions and attitudes. The company’s e-recruitment page has become a key tool for
employers to recruit job applicants, especially now that it is difficult for big companies to
recruit talents. Understanding e-recruitment interface attributes will increase the ability
to attract potential job seekers to apply for jobs. Four attributes (aesthetic form, recruit-
ment information, interactive function, and information fitness) are being reviewed as
follows.

2.2 Aesthetic Form

Cappelli (2001) pointed out that the design of the company’s e-recruitment should take
consideration of potential job applicants to attract their initial interest. When designing
the e-recruitment page, the interface attributes can be distinguished from the surrounding
environment, such as the visual layout (colors, images, workplace rewards and anima-
tions on the page) (Swart 2008). Cober et al. (2004) argued that the most visible way
for employers to distinguish employment opportunities is to manipulate aesthetics on
the recruitment web page. The form of the recruitment webpage, especially the pic-
tures, colors, animations and videos on the webpage, will affect the user’s perception
of information and subsequent attractiveness. Dineen et al. (2007) studied the viewing
time, information recall and attractiveness of e-recruitment information, and the results
showed that with good aesthetics, customized information makes less qualified individ-
uals less attracted the customized e-recruitment information, which can avoid recruiting
unsuitable people. It can be seen that the aesthetic form is an important independent
variable.

2.3 Recruitment Information

During job hunting, job seekers often lack information about organizational types
(Breaugh and Starke 2000). Feldman and Klaas (2002) found that the most impor-
tant factor for job seekers who are dissatisfied with online searches is lack of relevant
employment information. Maurer and Liu (2007) suggested that employers should meet
the informational needs of the target job seeker market while job seekers earnestly seek
job opportunities. Job seekers can find the information they need while minimizing the
search time of the job seeker; the employer can develop the employment information,
emphasizing the central route clues of e-recruitment page of. In addition, job seekers
believe that missing e-recruitment is a reminder that the employer is careless or not
interested in recruiting high-quality job seekers (Barber and Roehling 1993). Highhouse
and Hoffman (2001) argued that the amount of content available for review and the
type of content available play a significant role in determining the applicant’s interest
in employment. Feldman et al. (2006) surveyed the content of job advertisements and
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found that providing potential job seekers to receive more specific employment informa-
tion can increase the attractiveness of the job. Specific information plays an important
role in the effectiveness of e-recruitment and the ability of job seekers to easily find the
information they need (Van Birgelen et al. 2008). More and more research results show
that corporate social performance may also affect its attractiveness as an employer, but
the basic process of its impact has not been established in the research (Jones et al. 2014).

2.4 Interactive Function

Functions on the recruitmentwebpage affect the success of the recruitmentmechanismof
the webpage. The most widely used interactive tool is the navigation menu (Cober et al.
2004). The navigation menu guides job seekers to specific areas of information. Such
a menu can be constructed to facilitate deeper processing of specific information areas,
depending on the motivation of job seekers to increase their employer’s knowledge.
Interactivity may be affected by other tools, which can conduct real-time conversations
to increase user participation and interest. Although the interactions that the website
can provide may arouse the interest of potential job seekers (Cober et al. 2000), the
functionality of the website as an application process is also important. Organizing
the recruitment webpage can make the application process of job seekers easier and
shorten the cycle of the recruitment process. In order to further facilitate the application,
employers can provide job applicants with information about the application process,
which may affect people’s beliefs about the effectiveness of online job applications and
the security of personal data submitted in response to positions. Some job seekers may
hesitate to fill in and submit an online application because they do not understand the
time required to fill in and submit online to obtain a job interview (Cober et al. 2004).

2.5 Information Fitness

Due to less space constraints, the e-recruitment webpage allows employers to clearly
direct recruitment information to different groups of applicants. This is important because
job applicants’ perceptions of individual organizations will positively influence their job
search behavior and will influence their self-selection decision to find a job with a par-
ticular employer (Cable and Judge 1996). On the e-recruitment webpage, organizations
can convey information about recruitment through employee testimonials, which can
also enable job seekers to understand the types of people they may encounter and deal
with. Cober et al. (2003) examined how the perception (salary, organizational culture
and training opportunities) and style (aesthetics and usability) of the organization’s web-
site content affect the attractiveness of the organization and found that the e-recruitment
webpage’s content and style are precursors in organizational attractiveness. Alsultanny
and Alotaibi (2015) used a questionnaire survey method to survey 360 job seekers
who have used e-recruitment methods to investigate their attitudes and willingness to
use e-recruitment webpages. Results show the e-recruitment interface’s entertainment,
practicality, and ease of use are significantly related to their attitudes, and attitudes are
significantly related to willingness to use.
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3 Method

This research employs an experimental design method through a survey to explore and
evaluate the influence of aesthetic forms, recruitment information, interactive functions,
and information fitness interface attributes on attracting potential job applicants. This
research designed e-recruitment pages for 4 types of job openings. The e-recruitment
page for each position has two levels of e-recruitment pages with four attributes. For
this experimental design, there are a total of 16 possible combinations (2 × 2). × 2 ×
2), as shown in Table 1.

Table 1. Attributes and levels used in this study

No Attribute Level

1 Aesthetic form High

Low

2 Employment information Specific

General

3 Interactive function High

Low

4 Information fitness High

Low

Since the focus of this research is on the design of the employment website interface,
this research recruited online job seekers as the research respondents. This research
placed recruitment advertisements on the top three human resource banks in Taiwan
(104, 1111, and Yes123). A slogan marked with this experimental advertisement was
placed on the job search page. Along with the implementation of the experiment, this
study conducted a questionnaire survey of participants in the experiment to understand
the preferences of online job applicants for 16 e-recruitment interface attributes. We
employed the 5 point Likert scale for the questionnaire.

4 Results

Total of 315 (109males and 206 females) people participated in this experiment. All four
designed attributes have positive part-worth values and significant difference between the
high and the low of attributes. The average related importance for high aesthetic, specific
information, high interaction and high fit is: 19.720%, 33.134%, 24.417% and 22.729%,
respectively. Among them, the most important attribute in determining preference was
specific information. The second most important attribute is high interaction.

As shown in Table 2, the ANOVA analysis shows that there is a significant level of
differences among different educational levels (Table 3).

Participants with graduate degree prefer more specific employment information and
higher interactive functions, comparing to other educational levels.
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Table 2. Exhibits the ANOVA analysis.

Foster interest d f High aesthetic Specific information High interaction High fit

Gender 1 1.173 1.100 0.179 0.068

Marital status 2 0.002 0.188 1.081 0.064

Age 4 0.896 1.368 1.697 0.938

Education 5 2.464 1.064 3.391* 1.168

Experience 6 0.747 0.420 0.669 0.838

Sector 14 0.572 1.138 0.933 0.792

Job type 9 0.539 1.468 1.293 1.271
*p < 0.05

Table 3. Educational level of participants

Educational level No %

High school 30 9.5

Junior college 35 11.1

College 200 63.5

5 Conclusion

The findings of this study provides an insight about the attribute preferences of job
applicants. When designing e-job opening interface, specific information is the most
important attribute to pay attention to, followed by high interaction, then high informa-
tion fitness, and high aesthetic last. Moreover, different educational background may
affect the attribute preference. Different emphasis on mixing the interface attributes for
different required educational job openings may work better.

The results of this research provide practical applications for system designers,
recruiters and human resources managers who are in charge of designing e-job inter-
face messages. Also, the research results will be able to help increase the knowledge of
e-training the human resources field and in turn improve the effectiveness of e-training.

Acknowledgment. The authors are grateful to the Ministry of Science and Technology of the
Republic of China, Taiwan, for financially supporting this research under Contract No. MOST
110-2511-H-240 -001 -.

References

Alsultanny, Y.A., Alotaibi, M.F.: Evaluating the factors affecting on intension to use of
e-recruitment. Am. J. Inf. Sci. Comp. Eng. 1(5), 324–331 (2015)



Effects of E-recruitment Interface Attributes on the Attractiveness 309

Barber,A.E., Roehling,M.V.: Job postings and the decision to interview: a verbal protocol analysis.
J. Appl. Psychol. 78(5), 845 (1993)

Breaugh, J.A., Starke,M.: Research on employee recruitment: somany studies, somany remaining
questions. J. Manag. 26(3), 405–434 (2000)

Cable, D.M., Judge, T.A.: Person–organization fit, job choice decisions, and organizational entry.
Organ. Behav. Hum. Decis. Process. 67(3), 294–311 (1996)

Chapman, D.S., Gödöllei, A.F.: E-recruiting: using technology to attract job applicants. In: The
Wiley Blackwell Handbook of the Psychology of the Internet at Work, pp. 211–230. Wiley,
Chichester (2017)

Chapman, D.S., Webster, J.: The use of technologies in the recruiting, screening, and selection
processes for job candidates. Int. J. Sel. Assess. 11(2–3), 113–120 (2003)

Cober, R.T., Brown, D.J., Blumental, A.J., Doverspike, D., Levy, P.: The quest for the qualified
job surfer: it’s time the public sector catches the wave. Publ. Person. Manag. 29(4), 479–496
(2000)

Cober, R.T., Brown, D.J., Levy, P.E., Cober, A.B., Keeping, L.M.: Organizational web sites: web
site content and style as determinants of organizational attraction. Int. J. Sel. Assess. 11(2–3),
158–169 (2003)

Cober, R.T., Brown, D.J., Levy, P.E.: Form, content, and function: an evaluative methodology for
corporate employment web sites. Hum. Resour. Manag. 43(2–3), 201–218 (2004)

Dhamija, P.: E-recruitment: a roadmap towards e-human resource management. Res. World 3(3),
33 (2012)

Feldman,D.C., Klaas, B.S.: Internet job hunting: a field study of applicant experienceswith on-line
recruiting. Hum. Resour. Manag. 41(2), 175–192 (2002)

Feldman, D.C., Bearden, W.O., Hardesty, D.M.: Varying the content of job advertisements: the
effects of message specificity. J. Advert. 35(1), 123–141 (2006)

Hafeez, M., Farooq, U.: Exploring the association of e-recruitment with organizational attraction
and mediating role of cost effectiveness and easy to use. Sci. Int. (Lahore) 28(2), 1651–1657
(2016)

Harrington, A.: Can anyone build a better Monster? Fortune 145(10), 189–191 (2002)
Holm, A.B.: E-recruitment: towards an ubiquitous recruitment process and candidate relationship

management. German J. Hum. Resour. Manag. 26(3), 241–259 (2012)
Jones, D.A., Willness, C.R., Madey, S.: Why are job seekers attracted by corporate social perfor-

mance? Experimental and field tests of three signal-based mechanisms. Acad. Manag. J. 57(2),
383–404 (2014)

Lang, S., Laumer, S., Maier, C., Eckhardt, A.: Drivers, challenges and consequences of E-
recruiting: a literature review. In: Proceedings of the 49th SIGMIS Annual Conference on
Computer Personnel Research, May 2011, pp. 26–35 (2011)

Maurer, S.D., Liu, Y.: Developing effective e-recruiting websites: Insights for managers from
marketers. Bus. Horiz. 50(4), 305–314 (2007)

Williamson, I.O., Lepak, D.P., King, J.: The effect of company recruitment web site orientation
on individuals’ perceptions of organizational attractiveness. J. Vocat. Behav. 63(2), 242–263
(2003)

van Birgelen,M.J.H.,Wetzels, M.G.M., van Dolen,W.M.: Effectiveness of corporate employment
web sites: how content and form influence intentions to apply. Int. J. Manpow. 29(8), 731–751
(2008)



Evolution of Lean Startup
over the Years – A Bibliometric Analysis

Zornitsa Yordanova(B)

University of National and World Economy, 8mi dekemvri 23, Sofia, Bulgaria
zornitsayordanova@unwe.bg

Abstract. Lean startup has just turned 10 years after its conceptualization by Eric
Ries and it has been used in huge number of companies to boost innovation devel-
opment since 2011. However, the divergent application of the method has often
provoked conflicts and misunderstanding because of its varieties according to the
type of organization it is used in: SMEs, startups, banks, government institutions
and even universities. Several questions have been raised about its application
and deployment in the literature during the years. This study aims at conducting
a bibliometric analysis to find out what are the main applications, changes and
curves of the concept during the years and to identify some knowledge gaps for
future research agenda as well as to point out the main trends of Lean Startup use
lately according to the science literature. The results, based on 369 publications,
show practical insights for the diverse use of Lean Startup as a model of an enter-
prise functioning. The research also proposes a discussion on the means of digital
transformation of Lean Startup concept integrated as an organizational model for
managing science and innovation projects.

Keywords: Lean Startup · Innovation Management · Science projects ·
Innovation process · Digital transformation · Digitalization

1 Introduction

Enterprises have warmly embraced Lean Startup (LS) as a practical model for organi-
zation of innovation processes [1], product development [2], business model [3], opera-
tions, production, customer services, opportunity exploration [4] or organizational trans-
formation [1] at reduced costs and higher efficiency in comparison to other alternative
management approaches. In the last 10 years since the concept was conceptualized by
Eric Rees in 2011 [5] and with the modernized version of the method in 2017 [6], which
also adopted it for application in corporations, LS has received immerse attention from
many scientists. Thus, the current study aims at revealing the accumulated insights of
the last 10 years on Lean Startup research though conducting a bibliometric analysis.

Lean Startup has started to appear in the literature since 2000 [7] as a framework
helping in reducing the risk of launching new products, however its official birth was
in 2011 when the book The Lean Startup: How Today’s Entrepreneurs Use Continuous
Innovation to Create Radically Successful Businesses of Eric Ries [5] was published.
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Lean Startup is seen as a business model for fast, lean and risk mitigating framework
for development new products, innovations and change management. Because of its
fast and exponential success, it had been also applied in many corporates as a means for
product development and innovation which has led to the publication of the second book
of Eric Ries in 2017: The Startup Way: How Modern Companies Use Entrepreneurial
Management to Transform Culture and Drive Long-Term Growth [6].

In this study, we are revealing the global application of LS in diverse sectors and
organizations’ types, the changes and curves occurred in its implementation and use and
themajor trends for its development according to the science literature. Pursuing this, we
conduct a bibliometric analysis on 369 publications extracted from the Scopus database.
The results are of the interest of management professionals, startupers and scholars in
the field of management and innovation and technology management in particular.

2 Theoretical Background: Lean Startup

LS has been largely researched in the literature. It proposes a framework for system-
atic and circular activities for achieving sustainable and continuous innovation/product
development. The main elements, methods and characteristics of the method provide a
broad roadmap for what the direction and activities of companies to be in their innova-
tion development [8]. The minimum viable product (MVP) has been identified among
the main advantages of the method over the years. It is a first and cost-optimal version
of a product, introducing the core customer values and not any additional nice-to-have
features that are not central to the customer and would contribute to the costs [9]. The
purpose of it is to enroll the circle learning process for proving the hypotheses made
for the potential of the product for the targeted customer [10]. LS and MVP in specific,
emerged to reduce uncertainties concerning innovation-based projects, and to contribute
to businessmodel validation for any industry and type of organization [11]. It is generally
based on experimentations as a systematic way for entrepreneurial endeavors and prod-
uct development, essential for innovation development [12]. For this reason, it is also
defined as ‘a learning-by-doing methodology for iteration of early-stage business ideas’
[13] as well as ‘a pedagogical process to refine a new business venture by construct-
ing and testing assumptions’ [14]. It has been largely used also as project management
method for innovative projects [15].

The literature has already provided some knowledge gaps such as strategic fit, inter-
national entrepreneurship, management tools and digitalization [16]. There are also
authors who criticize the blind followers of the method as it could hamper the innova-
tiveness and creativity of teams and companies with specific characteristics that do not
fit to the assumptions and hypothesis of LS [8].

LS has evolved its role over the years in terms of application in different sectors
such as information technologies [17], healthcare [18], construction [19], education and
science [20] and many others and has been applied in different organization types [21].
We are exploring in this research the evolution of LS over the last 10 years after its official
introduction using a ‘bird’ viewpoint to catch the comprehensive general direction of
this evolution and we did this by conducting a bibliometric analysis to cover the whole
research area on the topic.
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3 Research Design: A Bibliometric Analysis

3.1 Data Selection

Data used for the bibliometric analysis is extracted from Scopus database since this
source has been recognized as high-quality source in the field of Technology and Inno-
vation Management and highly appropriate for conducting bibliometric analysis [22].
We used Boolean search with diverse term wording in order to not miss any one of the
research done on the topic of Lean Startup. For achieving a dataset for analysis, we
performed a search with the use of the following formula in Scopus database:

TITLE-ABS-KEY (“lean startup” OR “Lean-startup” OR “lean start-up”)

We received 369 publications meeting the search criteria shown on Table 1.

Table 1. Science publications dealing with Lean Startup.

Timespan 2010:2021

Sources (Journals, Books, etc.) 220

Documents 369

Average years from publication 3.26

Average citations per documents 8.217

Average citations per year per doc 1.687

References 12460

Article 127

Book 4

Book chapter 31

Conference paper 180

Conference review 18

Others 9

For achieving focus and relevancy on the analysis, we removed conference reviews
and other publications (notes, review, short survey). Thus, 342 publications remained
as the scope of the study. Figure 1 shows the increasing interest on the topic which is
still new for the management science (the data extraction was done in June 2021, which
explained the low-levels of publication in 2021).

The most relevant and cited publications were sourced by the following to-tier
journals presented on Fig. 2.
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Fig. 1. Publications on Lean Startup over the years.

Fig. 2. Most cited sources.

3.2 Bibliometric Analysis Performed

A bibliometric analysis was conduct to trace the evolution of Lean Startup application
over the years and in the different context of its employment. In this paper, Biblioshiny,
a product of RStudio has been employed in which we uploaded the set from Scopus
database containing 369 publications.

The main focus of this study is exploring the evolution of Lean Startup concept over
the years. This is why, the thematic evolution analysis has been used as a tool. In this
research, we experiment with basing thematic evolution analysis on author keywords,
keywords plus, titles and abstracts.Minimum cluster frequency was set to 5 per thousand
documents, minimum weight index 0,1 and three cutting points over the last 11 years:
cutting year 1: 2016; cutting year 2: 2018; cutting year 3: 2019.

Using the visualization technique proposed by Cobo et al. [23] for each of the time
slices researched, we present four quadrants (clusters of keywords) including Motor,
Transversal, Niche, and Peripheral themes according to their centrality and density rank
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values along two axes. The centrality measures the degree of interaction and the density
measures the internal strength of the network and identifies the degree of development
of a theme [23].

4 Results and Discussion: Lean Startup Evolution over the Years
and Trends of Development

The thematic evolution of Lean Startup is presented within four time slices for most of
the analysis in this study. Since the youth of the concept, they cover only few years each
but the dynamics in the evolution of Lean Startup and its application has reasoned this
deeper analysis over the years. The used time slices are: 2010–2016; 2017–2018; 2019;
2020–2021. The third time slice reflects one year only because of the bigger number
of publications then. The first graph presents the thematic evolution according to the
words used in author keywords of the analyzed 342 publications between 2010 and
2021 (Fig. 3).

Fig. 3. Thematic evolution of Lean Startup – author keywords.

As Fig. 4 demonstrates, in the beginning of LS research, it was all related to
entrepreneurship, agile, design thinking andbusiness planning. In the second timeperiod,
some methodological aspects started to been analyzed as well as big data. In 2019 more
technological shades of LS application have started to be on focus such as digital trans-
formation, big data and agile software. In the last analyzed period project management,
experimentation, effectuation and product development have evaluated to the emphasis
of the research. Thiswouldmean that LShas only at its beginning of evolution sincemany
of its potential benefits are just now starting to be researched (for ex. experimentation
and project management).

In the next figure, the same perspective but according to the keywords plus is pre-
sented in order to conceptualize more generic outcome of the research done in the last
10 years.

In this viewpoint, the insightful sub-areas of research of LSmay be summarized into:
1.) application of LS in other than software development companies (commerce); 2.)
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Fig. 4. Thematic evolution of LS – keywords plus.

application of LS for other than product and business development (human resources)
3.) education (curriculum).

The next figures present the thematic evolution in deeper details by period. In the first
time slice from 2010 till 2016, LS has been mostly researched in the science literature
entrepreneurship and agile which have not been highly researched in this context and
were categorized as niche themes (well developed and very specialized themes, but
marginal in the overall field). An insightful observation is the lack of Motor themes
which fact usually accompanies novel topics such as LS for the management science.
No Peripheral (declining) themes in this first time span have been identified. Software
and engineering techniques were not still developed in their link to LS in this very first
period (Fig. 5).

Fig. 5. LS thematic evolution in the period 2010–2016.

In the period of 2017–2018 when LS has started to become a hot topic for both
science and business audiences, business modelling has become a motor theme (a well-
developed theme that is a key to the structure of the research field, and is characterized
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by high centrality and high density). Still no declining topics have been identified which
fact proved again the increasing interest in LS. Niche themes were starting to introduce
more technical-related topics such as internet of things and information systems (Fig. 6).

Fig. 6. LS thematic evolution in the period 2017–2018.

The pick of the LS research so far was 2019 when a basic for the conceptual method
topic became agile development (because of the common features between agile and
LS). Well researched themes that shaped the LS concept in this period were: business
modelling, design thinking, learning systems and iterative methods (Fig. 7).

Fig. 7. LS thematic evolution in 2019.

During the last analyzed period of research (2020–2021), an interesting remark is
the increasing interest in literature reviews on LS. An assumption for this would be the
increasing application of the concept with case studies introduced which at this point
have been accumulated a huge dataset for analysis (Fig. 8).
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Fig. 8. LS thematic evolution in the period 2020–2021.

The evolution of LS has been marked by some clearly-pointed phases through which
LS changed its core towards business modelling and education, starting frommore tech-
businesses towards diverse kinds of application. The increasing application of LS gives
promises also for further changes and evolution as well as new borders of the model and
its elements use.

5 Conclusion

The paper provides a unique historical analysis on the LS method over the years from its
birth 10 years ago in 2011. In this paper, several bibliometric analyses and perspectives
are employed in order to elicit the evolutionary trends of LS in four different sub-periods
of its development for only ten years. Generally, LS has gone through a product devel-
opment method in software development to a business modelling framework for diverse
industries. The method’s evolution has helped the transformation of small startups, large
corporations, and government organizations. It has been increasingly incorporated into
businesses, education, healthcare, and technology development. It is not bold to conclude
that it has become part of human progress in the last 10 years by being applied practically
in all areas of mankind’s activity. With this paper, we call for further research on the
evolution and changing role of Lean Startup’s elements and core concepts over time,
the changing role of users as part of the innovation development, and LS application for
boosting innovation performance in non-innovative organizations [24].

Acknowledgement. The paper is supported by the BG NSF Grant No KP-06 OPR01/3-2018.

References

1. Hwang, S., Shin, J.: Using lean startup to power organizational transformation. Res. Technol.
Manag. 62(5), 40–49 (2019)

2. Abrahamsson, P., Oza, N. (eds.): LESS 2010. LNBIP, vol. 65. Springer, Heidelberg (2010).
https://doi.org/10.1007/978-3-642-16416-3

https://doi.org/10.1007/978-3-642-16416-3


318 Z. Yordanova

3. Bortolini, R.F., Nogueira Cortimiglia, M., Danilevicz, A.d.M.F., Ghezzi, A.: Lean Startup: a
comprehensive historical review. Manag. Dec. (2018). https://doi.org/10.1108/MD-07-2017-
0663. Vol. ahead-of-print No. ahead-of-print.

4. Bakker, R.M., Shepherd, D.A.: Pull the plug or take the plunge? Multiple opportunities and
the speed of venturing decisions in the Australian mining industry. Acad. Manag. J. 60(1),
130–155 (2017). https://doi.org/10.5465/amj.2013.1165

5. Ries, E.: The Lean Startup: How Today’s Entrepreneurs Use Continuous Innovation to Create
Radically Successful Businesses. Crown Business, New York (2011)

6. Ries, E.: The Startup Way: How Modern Companies Use Entrepreneurial Management to
Transform Culture and Drive Long-Term Growth, Currency (2017)

7. Rasmussen, E.S., Stoyan, T.: 3 - Lean startup. In: Pacheco-Torgal, F., Rasmussen, E.,
Granqvist, C.-G., Ivanov, V., Kaklauskas, A., Makonin, S. (eds.) In Woodhead Publishing
Series in Civil and Structural Engineering, Start-Up Creation (Second Edition), Woodhead
Publishing, pp. 41–58 (2020). https://doi.org/10.1016/B978-0-12-819946-6.00003-5. ISBN
9780128199466,

8. Yordanova, Z.: Lean Startup method hampers breakthrough innovations and company’s
innovativeness. Int. J. Innov. Technol. Manage. 15(02), 1850012 (2018)

9. Maurya, A.: Running Lean: Iterate from Plan A to a Plan That Works. O’Reilly, Sebastopol,
CA (2012)

10. Pease, J.F., Dean, J.H., Van Bossuyt, D.L.: lean design for the developing world: making
design decisions through the use of validated learning techniques in the developing world. In:
Proc. ASME 2014 Int. Mech. Eng. Congr. Expo. pp. 1–11 (2014). https://doi.org/10.1115/
IMECE2014-36612

11. Silva, D.S., Ghezzi, A., Aguiar, R.B.d., Cortimiglia, M.N. and ten Caten, C.S.: Lean startup,
agile methodologies and customer development for business model innovation: A systematic
review and research agenda. Int. J. Entrepreneurial Behav. Res. 26(4), 595–628 (2020). https://
doi.org/10.1108/IJEBR-07-2019-0425

12. Hampel, C., Perkmann, M., Phillips, N.: Beyond the lean start-up: experimentation in corpo-
rate entrepreneurship and innovation. Innovation 22(1), 1–11 (2020). https://doi.org/10.1080/
14479338.2019.1632713

13. Leatherbee, M., Katila, R.: The lean startup method: early-stage teams and hypothesis-based
probing of business ideas. Strateg. Entrep. J. 14, 570–593 (2020). https://doi.org/10.1002/sej.
1373

14. Ladd, T., Kendall, L.: Entrepreneurial cognition in the lean startup method. Proc. 2017(1),
(2017). https://doi.org/10.5465/AMBPP.2017.10753abstract

15. Yordanova, Z.: Knowledge transfer from lean startup method to project management for
boosting innovation projects’ performance. Int. J. Technol. Learn. Innov. Dev. (IJTLID),
9(4), 293–309 (2017)

16. Harms, R., Schwery, M.: Lean startup: operationalizing lean startup capability and testing its
performance implications. J. Small Bus. Manage. 58(1), 200–223 (2020). https://doi.org/10.
1080/00472778.2019.1659677

17. Werwath, M.: Lean startup and the challenges with “hard tech” startups. IEEE Eng. Manage.
Rev. 47(1), 22–23 (2019). https://doi.org/10.1109/EMR.2019.2903705

18. Sandra, E.P., Silva,R.D.C., Silva,M.B.,Nascimento,M.A.: Lean startup applied in healthcare:
a viable methodology for continuous improvement in the development of new products and
services. IFAC Proc. Vol. 46(24), 295–299 (2013). https://doi.org/10.3182/20130911-3-BR-
3021.00054

19. Jung, J., Kim, S.-A.: Digital fabrication integrated architectural design process applying lean
startup method. Proc. Korean BIM Soc. 8(4), 23–33 (2018). https://doi.org/10.13161/KIBIM.
2018.8.4.023

https://doi.org/10.1108/MD-07-2017-0663
https://doi.org/10.5465/amj.2013.1165
https://doi.org/10.1016/B978-0-12-819946-6.00003-5.
https://doi.org/10.1115/IMECE2014-36612
https://doi.org/10.1108/IJEBR-07-2019-0425
https://doi.org/10.1080/14479338.2019.1632713
https://doi.org/10.1002/sej.1373
https://doi.org/10.5465/AMBPP.2017.10753abstract
https://doi.org/10.1080/00472778.2019.1659677
https://doi.org/10.1109/EMR.2019.2903705
https://doi.org/10.3182/20130911-3-BR-3021.00054
https://doi.org/10.13161/KIBIM.2018.8.4.023


Evolution of Lean Startup over the Years 319

20. Yordanova, Z.: Digitalization of a systematic literature review process – lean startup and data
analytics solution for scholars. In: Huang, T.-C.,Wu, T.-T., Barroso, J., Sandnes, F.E.,Martins,
P., Huang, Y.-M. (eds.) ICITL 2020. LNCS, vol. 12555, pp. 236–244. Springer, Cham (2020).
https://doi.org/10.1007/978-3-030-63885-6_27

21. Bortolini, R.F., Cortimiglia, M.N., de Moura, A., Danilevicz, F., Ghezzi, A.: Lean Startup: a
comprehensive historical review. Manage. Dec. 59(8), 1765–1783 (2018). https://doi.org/10.
1108/MD-07-2017-0663

22. Baas, J., Schotten, M., Plume, A., Côté, G., Karimi, R.: Scopus as a curated, high-quality
bibliometric data source for academic research in quantitative science studies. Quant. Sci.
Stud. 1(1), 377–386 (2020). https://doi.org/10.1162/qss_a_00019

23. Cobo,M.J., López-Herrera, A.G., Herrera-Viedma, E., Herrera, F.: An approach for detecting,
quantifying, and visualizing the evolution of a research field: a practical application to the
fuzzy sets theory field. J. Informetrics. 5(1), 146–166 (2011)

24. Carvalho, N., Yordanova, Z.: Why say no to innovation? Evidence from industrial SMEs
in European Union. J. Technol. Manag. Innov. 13(2), 43–56 (2018). https://doi.org/10.4067/
S0718-27242018000200043

https://doi.org/10.1007/978-3-030-63885-6_27
https://doi.org/10.1108/MD-07-2017-0663
https://doi.org/10.1162/qss_a_00019
https://doi.org/10.4067/S0718-27242018000200043


Educational Gamification
and Game-Based Learning



Effect of Game Elements on Game-Based
Learning for Computer Programming Using

Task-Technology Fit

Wei-Tsong Wang1 and Mega Kartika Sari2(B)

1 Department of Industrial and Information Management, National Cheng Kung University,
Tainan City, Taiwan

2 Institute of Information Management, National Cheng Kung University, Tainan City, Taiwan

Abstract. Several studies on game-based learning (GBL) examine the impact of
using GBL on student achievement. In contrast, this study examines the game ele-
ments that differentiate existing GBLs (reward mechanism, visual programming
environment, and flexible learning environment). In addition, this study reveals
a comparison between two GBLs that apply the same game elements but have
different variations. The purpose of this study was to determine whether the vari-
ations of the game elements that were applied even though both had applied the
same game elements would give different results to the students’ perspective in
using GBL. We use Task-Technology Fit (TTF) theory to determine the effect of
game elements on GBL suitability. The total participants in this experiment were
252 students majoring in informatics engineering. Statistical results indicate that
the effect of the combination of the three variables on TTF is 87.7%. It implies
that the combination of the application of game elements has a significant impact
on the suitability of a system in helping students learn using GBL.

Keywords: Game-based learning · Task-Technology Fit · Computer
programming

1 Introduction

Thepopularity ofGBLmakes researchers anddevelopers provide a variety of innovations
to support learning needs [1]. The popularity of GBL is due to the many benefits of GBL,
such as increasing student achievement, motivation, and the positive influence of GBL
[2]. GBL has been widely used for technical learning such as computer programming. It
was recorded in the research of [3] from 3083 studies of gamification in education, 1104
studies in the field of engineering and computing, which made up the largest proportion
of participants in their research. Several studies have discussed the success of GBL in
computer programming learning [4, 5].

Many studies only focus on learning outcomes, computational thinking, and moti-
vation alone [6, 7]. Therefore, this study focuses on designing a good fit in GBL, which
also has an essential role in achieving success in GBL. As revealed by [8], “design may
help bring together the various perspectives that have already been applied to games.“
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More importantly, the unsuitable design of the GBL can diminish the entertainment
and the educational benefit [9]. Therefore, it is crucial to describe suitable design inte-
gration. Seeing the problems that exist in describing suitable design, this study uses
Task-technology Fit (TTF) theory to determine what factors play an essential role in
achieving the fit of a GBL.

Previous studies showed that TTF could measure a good fit of an information system
to increase employee performance while using the system [10, 11]. Although TTF is
widely used to measure system compatibility between tasks and technology, TTF has
never been used to measure the compatibility of a GBL, especially for learning computer
programming. In addition, previous studies have claimed the importance of sorting out
the different design elements to determine which elements make the most significant
difference to learning [12–15]. However, they have not discussed the suitability of inte-
grating design elements into the GBL. Therefore, this study wanted to reveal the effect
size of the game element on TTF and whether there are differences in students’ perspec-
tives who use different GBL for computer learning. Thus, the research questions of this
study are as follows:

1. What factors from game elements affect the suitability of GBL in terms of computer
learning?

2. What is the effect size of the game element’s influence on TTF?
3. Are there differences in students’ perspectives if each GBL has applied the same

game elements with different variations?

2 Theoretical Background

2.1 Task-Technology Fit

[16] introduced TTF in 1995 and has been used to find a suitable technology design to
complete a task [17–19]. Indeed, if technology provides users with good-fit features,
it will positively impact their performance [20]. The more tasks or achievements a
technology accomplishes, the higher the individual’s perception of TTF [21].

In e-learning, TTF is still rarely used, and it is not known yet if a good TTF can affect
student adoption of online learning [22]. Therefore, [23] examine the factors influencing
student adoption of the Massive Open Online Course (MOOC) by integrating the TTF
model, social motivation, and self-determination theory. The results support the theory
that task, and technology positively impact TTF and that fit affects behavioral intention.
In contrast to previous research, this study wants to know the factors that affect GBL’s
good-fit. Specifically, we focus on game element design as a technology used to help
students learn computer programming.

2.2 GBL for Learning Computer Programming

In computer programming, many GBLs studies examined different game elements for
the same purpose. For instance, [24] and [25] examined the GBL, which uses different
gamification techniques for learning computer programming. [24] developed an online
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puzzle-based game learning whereas [25] examined the differences between classical
and enriched courses with Scratch through real-life problem-based games. Although the
two GBLs studied are different, these two GBLs aim to achieve student effectiveness in
understanding programming algorithms. In addition, the results of both studies have a
positive impact on student performance. Nevertheless, many studies show that the failure
of GBL design can reduce the benefits of GBL itself [26]. However, the design of GBL,
which is suitable for learning computer programming, has never been studied before.
Therefore, from the most popular GBLs used to learn computer programming such as
HackerRank, Codewars, Grasshopper, Programming Hub, and Solo Learn, we chose 2
GBLs with significant differences in implementation of game elements.

HackerRankandGrasshopper have significantly different characteristics in designing
game elements from those five popular GBL. The different characteristics of game
elements in Hackerrank and Grasshopper have represented other GBL’s. We describe
the differences in the two GBLs in Table 1 by categorizing the characteristics based on
game elements’ differences.

Table 1. Difference of HackerRank vs. Grasshopper

Differentiating factors HackerRank Grasshopper

Reward mechanism (RM) Badge, leaderboard Track progress

Visual programming environment (VP) Text-based Puzzle-based

Flexible learning environment (FL) Daily challenge Continuously

2.3 Differentiating factors

Reward Mechanism
Reward mechanisms such as points, badges, and leaderboards are the most common
designs applied to GBL and increase students’ motivation in their learning process [27–
29]. However, [30] showed that leaderboards and badges failed to improve student’s
motivation and performance in the final exam. Their research emphasizes the impor-
tance of design principles in GBL to enable users to achieve desired learning outcomes.
From the comparison of the two GBLs, HackerRank and Grasshopper implement differ-
ent reward mechanisms. HackerRank uses a badge and leaderboard system, meanwhile,
Grasshopper implements a progress track and animation that will appear every time
students complete a challenge. In addition to examining the effect size of the reward
mechanism, this study wants to determine whether there are differences in student per-
spectives regarding the different designs applied in the GBL for learning computer
programming.
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Visual Programming Learning Environment
Implementing a visual programming learning environment can provide more benefits
for students in understanding programming concepts quickly [31, 32]. If the visual pro-
gramming learning environment is unsuitable, GBL fails to provide educational benefits
for the students [33]. Therefore, the growth of the programming environment is increas-
ingly being developed [34] and creates variations in the design of the visual programming
environment, such as text-based, block-based, and puzzle-based. These different visual
programming environments aim to reduce the complexity of learning computer program-
ming [35]. Several studies have examined visual programming language by comparing
textual and block-based programming learning [36, 37]. [34] examined the differences
between text-based and block-based and found that their learning outcomes had no dif-
ference except in their learning progress which had different paths while using the GBL.
In comparison, puzzle-based success improved students’ programming skills in previous
studies [24]. From the comparison of the two GBLs, Grasshopper applies fun learning
using puzzle-based learning while HackerRank applies text-based game learning. Both
have the same goal of helping students more easily recognize and get used to the actual
programming. From that difference, this study wants to explore whether there are differ-
ences from the learner’s perspective on the visual learning environment and the effect
size of the visual learning environment on the TTF to achieve a good fit for a GBL.

Flexible Learning Environment
Flexible learning is the ability of the GBL to provide freedom of choice, time, place, and
how learning occurs [38]. The GBL provides this flexible learning can affect student per-
formance [39] and student satisfaction [40]. Therefore, the flexible learning environment
also has an essential role in implementing GBL. It is crucial to know the appropriate
flexibility design for GBL since it can affect student performance and satisfaction. Due
to this difference in flexible learning, Grasshopper gives learners the freedom to com-
plete as many challenges as they want by simplifying the learning material into several
small sub-sections or several simple test quizzes for each material. However, learners
must complete the challenge in order. Meanwhile, HackerRank implements one daily
challenge sorted from the difficulty level and gives the learner the freedom to complete
the material randomly. From the difference between the two GBL, we want to compare
the differences between the two GBL in providing the flexible learning environment to
understand the effect size of flexibility and determine whether there are differences from
the user’s perspective on the flexible learning environment offered by GBL.

3 Method

3.1 Participants

Participants are undergraduate students majoring in informatics engineering from two
universities in Yogyakarta, Indonesia. The total participants are volunteers consisting
of 252 students who have taken early-level computer language learning courses. The
participants were randomly divided into two groups to differentiate HackerRank and
Grasshopper (136 HackerRank, 137 Grasshopper).
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3.2 Experimental Design

In order to make both groups in this experiment equal, both groups must complete
four fundamental challenges on the GBL that they had to use and fill out a questionnaire
according to their experience in usingGBLwithin ten days. The fundamental challenges,
namely arithmetic operators, if statements, arrays, and loops, exist in each GBL. The
researcherwill verify the validity of the data basedon the evidence sent by the participants
that they have completed all the fundamental challenges.

This study adopts instruments from a similar previous study and uses a 5 Likert scale
to measure the four variables. First, we modified the measurement for TTF from [16],
which is then also used by [41] and [42]. The instrument for the reward system was
adopted from [43]. Next, this study adopted item questionnaires from [44] for the visual
programming environment. For the flexible learning environment, we adapted from [45].

3.3 Data Analysis

The data collected were analyzed using multiple regression to determine the effect of
game elements on TTF. Then, we used an independent t-test to test whether there were
differences in the user’s perspective on the differences inGBLvariations. The confidence
level of this study is 95%.

As a test of validity and reliability,we usedPearson andCronbach’s alpha. The results
of the factor analysis test can be seen in Table 2, where Pearson’s standard validation uses
r table < r count, where r table for this study 0.123 and Cronbach’s alpha is above 0.7.
Overall test results with Kaiser-Meyer-Olkin are 0.96, above the recommended standard
value of 0.7. Therefore, the validity and reliability of each item that indicates the model
we used are valid.

We conducted a preliminary analysis to ensure no violations of assumptions with
normality, multicollinearity, heteroscedasticity, and autocorrelation. The results of the
Kolmogorov-Smirnov test data show that the data is a normal distribution with the
Kolmogorov-Smirnov Z test result of 0.99 and a significant value of 0.29, which is
greater than 0.05. Furthermore, Table 2 displays the results of VIF and tolerance for the
multicollinearity test. It indicates no multicollinearity with standard tolerance is more
than 0.10, and VIF is less than 10. Next, the standard heteroscedasticity test used Glejser.
The data does not have heteroscedasticity if the significant value in the coefficient ismore
than 0.05. The results of the heteroscedasticity test are 0.52, which is greater than 0.50.
For autocorrelation usingDurbin-Watson, the result condition for the calculated du value
must be between du and 4-du in the Durbin-Watson table. The calculation results are d
= 1.85 and are between two critical values of 1.81 < d < 2.19. Thus indicating there
was no violation of the assumption in this construct.
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Table 2. Validity and Reliability

Construct Item Pearson correlation Cronbach’s alpha Tolerance VIF

TTF TTF1 0.45* 0.93

TTF2 0.50*

TTF3 0.54*

TTF4 0.53*

TTF5 0.45*

TTF6 0.47*

TTF7 0.48*

TTF8 0.48*

TTF9 0.51*

RM RM1 0.86* 0.77 0.37 2.67

RM2 0.81*

RM3 0.82*

VP VP1 0.86* 0.86 0.38 2.64

VP2 0.86*

VP3 0.87*

VP4 0.86*

VP5 0.85*

VP6 0.38*

FL FL1 0.79* 0.87 0.28 3.58

FL2 0.85*

FL3 0.87*

FL4 0.87*

*p = 0.00, significant

4 Results and Discussion

We use multiple regression test results, which show that the three-game elements as
independent variables have a significant linear correlation on TTF simultaneously and
partially. The three variables are reward mechanism, visual programming environment,
and flexible learning environment.

The results of the multiple regression from the F test showed that the effect of the
game element on TTF was simultaneously significant, that is, 87.7% with F = 588.82
and probability equal to 0.00. Correspondingly, the three independent variables partially
also show a significant positive linear correlation to TTF. The results of this test are
shown in Table 3 with a correlation value of 0.76 for the reward mechanism variable,
0.86 for the visual programming environment variable, and 0.90 for the flexible learning
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environment variable. All three significantly have a positive linear correlation with a p-
value equal to 0.00. Therefore, these three variables are also stated to have a significant
positive effect on TTF with the following equations:

y = −0.49+ 0.23(RM)+ 0.61(VP)+ 1.23(PE) (1)

Table 3 also shows the average difference between the two GBLs using independent
t-test. The results show that differences in variations in implementing the same game
element affect the user’s perspective regarding the reward mechanism, visual program-
ming environment, flexible learning environment, and even TTF with a significant value
equal to 0.00 for the four variables.

Table 3. Summary of the results

Multiple linear regression Independent t-test

Construct/Predictors Correllation B t-value Mean difference t-value

(Constant) −0.49 −0.55

TTF 0.57 5.45*

RM 0.76* 0.23 2.04** 0.42 3.96*

VP 0.86* 0.61 10.48* 0.70 7.38*

FL 0.90* 1.23 13.00* 0.40 3.71*

*p = 0.00; ** p < 0.05

We conclude that the flexible learning environment has themost significant influence
from the results of simultaneous and partial tests. However, the other two variables are as
important as the flexible learning environment variable considering these three variables
affect 87.7% of TTF when combined. Meanwhile, from the results of the independent
t-test, we conclude that although the two GBLs have applied the three characteristics
of the game elements with the application of different variations, it can affect students’
perspectives in using GBL. Therefore, it is essential to know which game element type
is suitable for the GBL of the three game elements in implementing the game element.

5 Conclusion

This study focuses on GBL for beginner computer programming learning. The results
of this study re-emphasize that the game element’s design is a matter to achieve GBL
fit to assist the student learning process effectively [46]. In terms of the use of game
elements, the three of the game element in this study play an essential role in achieving
the fit of the GBL. Although the most frequently used in GBL is the reward mechanism
[47, 48], this study reveals that the reward mechanism has the smallest effect compared
to the other game elements.

Moreover, given the different perspectives of students who use different GBL indi-
cates that applying game elements without paying attention to the type of game elements
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is not enough. Therefore, further research needs to review the types of game elements
that are suitable to be applied to GBL. The application of the correct type of game ele-
ments will undoubtedly help developers to design GBL easily. On the other hand, future
research should examine the effect of TTF on learning performance to find out whether
achieving a better fit can affect student performance apart from effectively completing
the task.
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Abstract. This study aims to develop the board game- Smart Coding Creative Kit
to enhance creative problem-solving thinking for children based on 4 processes
of Youth Scotland’s framework [9]. The target groups consisted of 1) 3 experts
of media and innovation and 2) 30 grade 1–3 students by purposive sampling
method. Statistics used to analyze quantitative data were average (X ) and standard
deviation (S.D.) while interpreting and descriptive analysis were for qualitative
data. Research results revealed efficiency of the evaluated Smart Coding Creative
Kit that was in highest level (X = 4.50, S.D. = 0.58) and opinion of the subjects
who had board game trial was in high level as (X = 4.40, S.D. = 0.55). This can
illustrate the board game efficiency that can be used with children in according
with the analysis results that found its suitability with a group of ages 5 with small
members as 3.

Keywords: Board game · Creative problem solving thinking · Children

1 Introduction

Living in the 21st century has noticeably changed from the 19th and 20th. The partnership
for 21st Century Skills (P21), this agency concerns that youth must have the necessary
skills. Therefore, the vision and framework for learning in the 21st century have been
developed by integrating knowledge, specialized skills, expertise, and knowledge in var-
ious fields together in order to be successful in both work and life. This framework for
learning is the beginning for developing the new future skills for Thailand. To be suc-
cessful, students have to learn these necessary skills such as critical thinking, problem
solving, creativity, communication, and collaboration. In addition, Thailand will have
to face the significant changes externally and internally that are rapidly and elaborately
changing. It is both opportunity and risk to develop the country. Especially, the commit-
ment to become an ASEAN in 2015 has resulted 11th National Economic and Social
Development plan (2012–2016) [4] to be set as a guideline for improving the quality
of people’s immunity to changes and has intervened in human development through a
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learning process that fosters culture supporting. Develop the people’s ability to have a
continuous learning life, and to continue to invent innovation practically and creatively.
As it might be seen that developing learners to be adapt themselves to a learning soci-
ety in the creative economic era potentially as those of other countries, it must develop
problem solving skills to keep up with the changing situation of the world. And it is
important to possess creativity for preparing of learners to work in the 21th century.

However, in various studies, it is found that there are some disadvantages for thinking
process of problem solving and creativity especially the problem in teaching and learning
that the learner’s learning method requires to wait and think accordingly to teachers and
others rather than thinking by themselves at first. And creative knowledge which is new
to society will not be very noticeable.World Economic Forum (WEF) has recently stated
the Global Competitiveness Report, it is pointed out that the education in both secondary
and higher education in Thailand is at the lowest level according to many countries of
ASEAN, using the term of “Abnormally low quality”. This reflects the unreliability of
the overall quality of Thai education, and it will affect the confidence of Thailand in
other way in the future as well. The thinking process of Thai children also undergoes the
deteriorating and delayed education which critically affects the country development.
There are many critics mentioned their thoughts about this problem of Thai children.
In the article of Srathongniam [7], his opinion says that the result of the management
of Thai education in the past was still low according to assessment results of the Office
of Educational Standard and Quality Assessment (ONESQA). The analytical thinking
process of Thai children is mostly at fair level, it is dramatically different compared to
the other countries. As resulted in PISA’s assessment of knowledge and scientific skill, it
appears that Thai children ranked below average which affects the quality of education
and life to be dragging down.

From this point, it is only the result of the analysis of thinking skills from the test
in upper elementary and high school levels. It will be beneficial in the long term if
the teaching and learning process focuses more on thinking skills from the beginning,
which is consistent with Piaget’s theory of cognitive and development being said that the
development of thinking in children in each age is related. It means that children at an
older age are more successful in thinking due to the ability to develop in thinking from
the previous step [5]. Especially in the course of computational science, which Thailand
currently focuses on problem solving to lead to systematic thinking only for children.
This may not be enough to extend the knowledge to design and develop programs at
the high level as set. From an article of NSTDA [3], it is discussed about programming
and developing thinking skills that computer programming is a skill that requires a lot
of practice to become proficient which depends on analytical thinking skills, reasonably
and orderly problem solving, including the use of algorithm. Conveying ideas in such
systematic way will lead to effective programming. Therefore, creative problem solving
is the key concept ability that can develop learners to be able to solve computer problems
that efficiently lead to systematic program design and development. It must design the
teaching method which develops on the basis of problem solving as the core. And this
thinking skill should be cultivated from the elementary school according to Piaget’s
theory of intelligence.
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The researcher team thus develop the board game innovation- Smart Coding Creative
Kit to enhance creative problem-solving thinking for elementary students in which to
be basis of their efficiency to advanced program in the future. The innovation is the
integration of an application for teachers and students. In student interface of each
task, they can learn from an animation with creating more interesting without having
difficulties of reading fluency. The application is also able to evaluate their answers.
Similarly, in teacher interface, the teacher can use all functions same as students but
beneficially to create a group to collect and check students’ answers. This can solve the
traditional problem that collecting the answers in paper- based. In consequence, the data
that stored in application database can be used and analyzed then in the future.

2 Research Objectives

To develop the board game- Smart Coding Creative Kit to enhance creative problem-
solving thinking for children.

3 Research Scopes

3.1 Target Groups

In this research phase, to examine the efficiency of the evaluated Smart Coding Creative
Kit, purposive sampling method was implemented for the target groups that comprised
1) 3 experts of media and innovation and 2) 30 grade 1–3 elementary students.

3.2 Research Design

Developmental Research Type I [6] was employed and purposed to design and develop
by the following 3 phases: 1) Design process 2) Development process and 3) Evalua-
tion process. However, this study was employed during phase 2 in developing Smart
Coding Creative Kit to enhance creative problem-solving thinking for children, testing,
and evaluating its use. The stakeholders comprised developers, evaluators, researchers,
teacher, and learners.

3.3 Research Tools

Experimental instrument - The instrument usedwas the Smart CodingCreativeKit Board
game. To develop the board game prototype, research results from phase 1- Design pro-
cess were applied and generated as the designed board game components as 1) Problem-
based and Tasks 2) Thinker- Companion 3) Task Notes and 4) Play Group. Furthermore,
in prototype developing process, the researcher team had developed the board game on
the basis of Youth Scotland’s framework [9] that having 4 major and 6 minor processes
as the following.
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Design Phase

• Set objectives. This board game- Smart Coding Creative Kit was aimed to enhance
children creative problem-solving thinking for algorithm design. The researcher syn-
thesized 4 steps of problem-solving thinking for algorithm design as: 1) Analyze
problem 2) Generating creative ideas 3) Preparing 4) Review the algorithm through
problem-solving content to design an algorithm, which is the basic content that leads
to future programming.

• Content Analysis. AlgorithmDesign was the content used in the board game develop-
ment which the researchers hence analyzed it into the following table: 1) Sequential
Algorithm 2) Decision Algorithm and 3) Loop Algorithm.

• Board Game Component Design.

– Players. The game is played by 2–4 players, ages 5 and up.
– Objective. The player can solve a problem by using a card correctly and fast which
ones who award most golden coins can be the winner.

– Rules. Gameplays requires to have 4 tasks or 4 stages according to the analyzed
results of creative problem-solving thinking framework for algorithm design. In
each procedure, each player group is provided 5 equipment types as 1) Command
Cards 2) Special Cards 3) Loop Command Sheets 4) Dice and 5) Bug Coins. The
main objective of the game is to allow the player to correctly place the command
that directs Barry to collect the carrots safely and fast on the Golden Island. They
can place the card in front of their own group while the teacher corrects the placed
command that can run the game. At the end of the game, a group that is awarded
most gold medals wins.

• Procedures. There are 3 game processes as 1) Goal Assignment 2) Board Settling and
3) Marching.

• Pieces. Game pieces can be explained as the following (Fig. 1).
• Prizes. A prize condition in this game is “Gold Coins” by stipulating conditions for
awarding gold coins in each task. At the end of the game, the group with the most
gold coins wins.

Fig. 1. Game pieces
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Game Prototype Phase
The further step is to discover the components and internal structures based on the content
that the researcher requested and applied it into the game structure. In the second step
of game development, there are 3 sub-steps as:

• Aligning
During this step, the content structuremust be analyzed anddesigned in accordance

with the game structure without conflict.
• Drafting

Besides designing the possible game elements, the next step is to draft a game
board and game pieces.

• Test with a focus group
After the board game prototype was constructed, it was tested twice by the

researcher teamwhich later improved by using feedback and recommendations. Then,
the prototype was tested with a group of 30 students who had the similarity to the
research target group and bring their opinions to improve its quality again (Fig. 2).

Fig. 2. Using of board game with the elementary students.

Development of Final Board Game Version
The final version was developed by the board game prototype for collecting data in the
next research phase. The final version consists of two elements as board games and
application development which detailed in the following.

• Board games elements
From the Fig. 3 is the element of Smart Coding Creative Kit consist of: 1)

Problem- based Book 2) Commands Card 3) Special Card 4) Loop Command Sheets
5) Character 6) Task sheet 7) Thinker- Companion Sheet.
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Fig. 3. Element of smart coding creative kit.

• Application Development

AR Board Game application comprised both a mobile application on Android oper-
ating system for a user and database management in web application through API and
web services for a systemmanager. To be able to retrieve and analyze results effectively,
the various usage data is collected with Relational Database system. The application
development processes are detailed below.

– Database Architecture

The 3- tier architecture was used in the design of AR Board Game application as
shown in Figure 3.

Fig. 4. Architecture of AR board game application

From Fig. 4, Tier 1 is a part of a user interface consisting of two parts: a Mobile
Application for users and Content Management System for system managers. Tier 1
communicates with Tier 2 to exchange data via HTTP protocol. In Tier 2 architecture, it
comprises 2 parts as one is Application Server and another one is APIs andWebservices
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which process the requested data fromTier 1 by retrieving it via SQL inMySQLdatabase
system in Tier 3.

– AR Board Game Application

See Fig. 5

Fig. 5. User interface of the smart coding creative kit

4 Data Collection

4.1 The Evaluation of Media and Innovation – The Experts

The experts evaluated the developed media and innovations by using the form which
was developed by the following processes 1) Identify topics for media and innovation
assessment 2) develop a form that based on the specified issues 3) examine and assess
the form quality by 3 experts. A closed-ended question form was constructed to let the
experts specify Item Objective Congruence with reasons or suggestions to improve its
quality. This must be relevant to a principle and theory used as basis in a conceptual
framework.

4.2 Interview Form of Board Game Use

The form used in interviews with students who had a similar context and background to
the research target group. Their opinions were thus applied in board game developing
to finalize the final version. The interview form was created by 1) defining the issues
in the interview 2) identifying questions related to the topics or key words that requires
needed information 3) examining its content validity by experts in measurement and
evaluation 4) testing the examined interview form with students who were similar to the
target group and 5) improving the form quality based on recommendations in which to
be consistent with the interview issues.
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5 Data Analyses

• To examine the efficiency of board game, 5-Point Rating Scale form was used by
3 experts to evaluate and shared opinions towards 3 aspects as 1) content and AR
storytelling 2) presentation and3) graphic as fonts and colors. Theywere then analyzed
by basic statistics as average (X ) and standard deviation (S.D.)

• To study the students’ opinion toward board game learning, student opinion survey
and a semi-structured interview form were employed to collect and analyze data by
interpreting with basic statistics as average (X ) and standard deviation (S.D.).

6 Results

The experts in media and innovation clarified evaluation results in according with 11.
Chaijaroen [1]’s framework of all 3 domains as detailed here.

• Production. The opinion toward Smart Coding Creative Kit of 3 experts was found
that the overall was at the highest level (X = 4.50, S.D. = 0.58) which the efficiency
of AR Board Game was assessed at the highest level (Table 1).

Table 1. Rating average of smart coding creative kit quality

Evaluation item Average of expert
rating

Average of Expert evaluation
results

Quality level

1 2 3

1. Content and AR
Sorytelling

5.00 4.40 5.00 4.80 Highest

2.Presentations
Styles

4.90 4.50 4.25 4.55 Highest

3. Graphic: Fonts ad
Colors

4.15 4.15 4.15 4.15 High

Mean 4.68 4.35 4.47 4.50 Highest

• Context of Use. It was found that the most effective number of students per group is
3, and this game is suitable for students aged 5 and over.

• Opinions of students who used the innovation. It revealed their opinions that were
at high level (X = 4.40, S.D. = 0.55). The results of the interviews with the sample
groups showed the following issues: the problem situation is too long, the problem
situation unclearly indicates the position of the pieces, the task is unclear, the reward
is not motivating, the special card is too few and should be increased to make a variety,
and the used card number should be presented in each stage (Table 2).
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Table 2. Rating average of students’ opinions after playing the smart coding creative kit

Evaluation domains X S.D Quality level

1. Content 4.40 0.58 High

2. Player 4.40 0.55 High

3. Board game and AR Application 4.55 0.57 Highest

4. Learning Activities 4.25 0.50 High

Mean 4.40 0.55 High

With regards to the evaluation of 3 domains, it was found that the developed Smart
Coding Creative Kit can be used for further research data collection.

7 Discussion

The results of the evaluation of the Smart Coding Creative Kit by experts found that
overall opinion was at the highest level (X = 4.50, S.D. = 0.58) which the efficiency
evaluation result of AR Board Game was at the highest level as well. This is consistent
with the research of Eiamwilai [2] who developed board games based on principles of
critical thinking which its quality evaluation results of the games by experts were at
high level. Consequently, the board game was designed in accordance with Tinsman
[8] principles that makes a quality and attractive board game in terms of playing time,
player’s alternatives, balanced rules and regulations, etc.

8 Recommendations for Further Research

• Develop board game application in online platforms that can be accessible to
download, install, and ready to use.

• Develop a digital board game for real-time processing to attract more players’ atten-
tion especially with exceptional children who may have a short attention span. The
integration of technology may be possible to help them to have more attention.
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Abstract. In this action research, the author encouraged the students created
and designed L2 board games and examined how this approach (L2 board game
design) could facilitate L2 learning and increase family interaction and bond.
Fewer studies yet relatively providing routes of how familymembers and language
teachers assist L2 students grasp knowledge by applying self-designed L2 board
games. Therefore, this study investigated whether the application of self-designed
L2 board game and family involvement assist improving L2 students’ learning
attitude and motivation. 58 freshmen participated in the action research. After
18-week courses, the use of semi-structure interview, class observation, and field
recording methods were applied to be the main technique collecting research
data. 15 Participants were randomly selected and asked to reflect on how self-
designed L2 board games create the interactive learning opportunities and how
family involvement developed the motivation in L2 learning. The results indicated
that applying L2 board game and family involvement were successful strategies
for improving family bonds and producing creative L2 learners.

Keywords: Board game · Second language learning · Creative learner

1 Introduction

When learning is composed of pleasure and ease in the educational field, instructors
immigrate the students to operate material and process them into the long-termmemory.
Students engaged in learning without getting bored, anxious, and distracted. During the
game play, participants learn to feel interesting about school and gain the enjoyment.
Many influential researchers have found evidence that individuals pickup learning targets
better when they have solid optimistic emotions [1–3]. When participants are involved
and motivated and feel less pressure, L2 learning functions and absorbs easily. Learning
through the affective filter in the brain and students grow better cognition, receive com-
prehension, and experience “aha” moments [4]. Therefore, a traditional quiet classroom
does not produce such learning outcomes but from classrooms with creative activi-
ties. Generally speaking, board game provides players with valuable access toward L2
learning. The gamification of language learning is a new method for effectiveness.
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1.1 Board Game, Family Involvement and L2 Learning

Boardgame is a media that strengthens to various language learning elements which
allows L2 learners receive new information fromwhatever they are participating. Teach-
ing L2 students in a joyful and motivated way requires collaboration in the combination
of materials. Implementing multimedia language learning practices for students apply
their target language produces a student-centered learning environment [5]. Classroom
lecture is the traditional way of obtaining L2. Students require opportunities of language
input and output in order to develop their target language. In addition, using board game
and family involvement strategies for English course progresses potentials in develop-
ing learners’ achievement and motivation. Gamification is using game-based mechanics
and game story to attract people, provoke action, motivate learning, and overcome tasks
[6] Effectively designed games are able to develop potential in efficiency and creativity
among participants [7]. Board games have been applied positively as educational aids.
The use of boardgames enhances teaching and learning especially in the understanding
and processing the concepts of the kind. In particular, board games have been confirmed
as operative learning tools [8].

Board Game is full of possibility to provide practical L2 content, on-site learn-
ing opportunities and unexpected exploration and discovery of the connected content
of target material in the daily life. In other words, participating in board games and
designing board games develop a new learning strategy to help language learners obtain
target language without limited classroom lecture. Board games are used to recall essen-
tial concepts, deliver new knowledge creatively, and increase teamwork while making
learning more entertaining [9]. L2 students in the assigned groups, incorporating the
subject matters, given a complex instruction technique to solve, improve, and be famil-
iar with the grammar rules. The creativeness and innovation of L2 board game design
from learners’ learning experiences have opened a new world to satisfy the needs of
learners’ exposure to their target language. Families are highly valued in education and
are committed to students’ educational success [10]. Suitable designed family involve-
ment is able to develop positive learning environment and family bond. As a result,
quality of the family relationship and L2 learning motivation increases after board game
participation. The effectiveness of families and school’s connection, family interven-
tion increases well-being students, family involvement, and positive effects on learning
outcomes [11]. Game based learning is an exploration of using a game as a media to
achieve necessary learning goals. Knowledge and skills development enhance through
the design and content of the game. The fundamentals of critical thinking skills as one of
the must have learning skills can be cultivated by using game-based learning [12]. While
the L2 learners tend to create and design their own board games and to be played by the
learners, the researcher guided the learners create their own games for knowledge in an
active setting and designed an experiential gaming approach to promote critical thinkers
among the L2 students. The most importantly, making them apply cooperative learning
method with their peers. Board game provides immediate reading practices and offers
L2 input and output training, thus assisting L2 learners enhance the language learning
experience. Language learning and family involvement provide a motivated platform for
learners to do practical language training in and after class in a joyful way. Board game
could be used for any sorts of listening, speaking, reading and writing L2 activities. The
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positive influence of game-based learning on language education is full of potential and
valued.

2 The Research Methodology

This action research process helped the researcher understand what had happened in the
English classroom and categorized changes that improved teaching and learning. The
researcher collected meaningful data from the records of attendance logs, grade reports,
industrial expert’s comments, board game feedback, and students’ designed board game.
Samples of students’ designed board games are also performances for the researcher to
evaluate and estimate if the goal was being met.

2.1 Design of the Research

The author used students’ designed board games to create a dynamic learning envi-
ronment. A fun and interactive gaming strategy was incorporated to provide a creative
dissimilarity on the target language learning. Students’ designed L2 board games are
carried out as a media to offer participants essential target curriculum. Second language
learners are anticipated to incorporated classroom content into real life situation in order
to make language learning meaningful. Action research identifies the strength and weak-
ness,management, and practice needed tomake the changes for better instruction.Action
research is a rotation of investigation and reflection [13]. During the cycle, the researcher
will discover the purpose, the goal, and how to reach the goal. The process of this action
research is presented in Fig. 1.

Fig. 1. The action research cycle in this study

Period of 18-week courses, students attended the program offered by the university.
Students started to design their L2 board games from week 4 to week 15. In week 4,
students experienced all kinds of board games such as speed competition, advantage
token, acting, mystery, investigation, cooperative game, connection, event, ownership,
and educational games. Therefore, student designers developed basic understanding of
the mechanism. Then, they were able to create their own games. In week 5, industrial
experts were invited to introduce a variety of interesting, fun, and attractive board games
to students. In week 6, student designers combined and implemented more than two
mechanisms in their designed board game for developing more attractive and interactive
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Table 1. The process of the 18-week course.

W1 Introduction of the 
course 

Form groups W10 Design and Start a 
L2 board game 
from the scratch 3 
Mechanism 

W2 The benefit of fun 
learning 

Reading and 
vocabulary 
development 

W11 Design and Start a 
L2 board game 
from the scratch 4 
Obstacles and 
smoothness  

W3 The benefit of  
learning English 
through board 
games 

Reading and 
vocabulary 
development 

W12 Demonstrations in 
the class. 
Advantage and 
disadvantage were 
provided after the 
demonstrations. 

W4 Board game  
experience 

W13 Industrial Expert
evaluates students’ 
L2 designed board 
games 

W5 Industrial Expert
introduced a vari-
ety of Interesting, 
fun, and attractive 
board games and 
design  

W14 Modify the L2 
board games 

W6 Understand and 
implement the 
board game mech-
anism 

W15 Demonstrations in 
the class  
Self-designed 
board game feast 

W7 Design and Start a 
L2 board game 
from the scratch 1 
Background story 

W16 The importance of 
Family involve-
ment 

Reading and vo-
cabulary devel-
opment 

W8 Design and Start a 
L2 board game 
from the scratch 2 
Rules 

W17 Students were 
asked to play 
board games with 
their families. At 
the meantime, 
teaching them 
speaking English.  

Students were 
asked to record 
the interaction 
during the 
game. 

W9 Midterm Exam 
Introduction of the 
board game design 

Receiving 
feedback from 
others. 

W18 Video sharing in 
the class and 
showed how 
family 
involvement 
enhanced L2 
learning and 
family bond.  

The importance 
of family in-
volvement and 
family bond in 
learning. 
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activities. In week 7, design and start a L2 board game from the scratch, students con-
structed the background story. In week 8, game rules were made. In week 9, the midterm
week, students orally introduced the design of the board game and received feedback
from others for further modification. In week 10, mechanism was programmed. In week
11, obstacles and smoothness were set. In week 12, students’ designed board games
were demonstrated in the class, every group took turns playing and provided advantages
and disadvantages for further adjustment. In week 13, industrial experts were invited
again for evaluating students’ L2 designed board games. In week 14, after receiving
opinions from the experts, modification and demonstration of the L2 board games were
carried out. In week 15, students were asked to participate and experience in their peers’
designed board games and provided feedback. In week 16 and 17, the importance of
family involvement was focused especially on reading and vocabulary development,
students were also asked to play board games with their families. At the meantime,
teaching their family members speaking English. Students were asked to record the
family interaction during the game. The process of this course is presented in Table 1.

In week 18, each group shared their video in the class and showed how family
involvement enhanced L2 learning and family bond Table 1. The results of the 18-week
course (Table 2).

Table 2. Students’ achievement

Introduction of students’ 
designed board game 

Sample 1: Have fun with the 
family

Sample 2: Family involve-
ment record

Sample 3: Family involve-
ment record 

Students’ designed board 
game 1. 

Students’ designed board 
game 2. 

2.2 Research Data Collection

Three open-ended questions were conducted in the semi-structured interview. Three
experts in the educational field were sought in order to ensure the content validity. In
addition, a preliminary interview was carried out for internal validity of the question
items. Face-to-face interviews with participated college students were conducted and
the answers given were recorded in writing forms by the researcher after certifying the
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validity of the semi-structured interview form. The purpose of this action research was
to reveal the effectiveness of L2 board game application toward L2 learning motivation.
L2 Students’ actual experience of the board game play and design during and after
the course is widely regarded as providing valuable insights into language learning and
family interaction. Participation in the board game becomes a potent factor of a complete
instructional strategy. After the interviews, a descriptive analysis approach was used
for further data analysis, Step 1, themes was first formed. Consistency and coherence
were confirmed by checking the relationship between the research questions. A code
number was given to college students (S1, S2, S3…) codification and categorization are
the methodologies in the qualitative data analysis. This ratio indicated that the analyses
were reliable [14]. 15 randomly selected participantswere asked to reflect on how student
designed L2 board game functioned in their learning target and how family involvement
increased the family bond and the model of collaborative learning scenarios.

3 Experimental Results and Discussions

3.1 Qualitative Data

Research Question 1. How are L2 Students’ perceptions of self-designing L2 Board
Game for enhancing target language learning?

The combination of self-designed L2 board game and English language learning
did increase the learning motivation from the traditional classroom lecture. With the
board game support, output in practical situations enable students became creative in
the content material.

“I think L2 board game design is an interesting way to learn English. Board game is
fun and creative and I like it very much. I never had the chance making a “board game”.
It is so fun and I was making a L2 board game! I learn English not only when I play it
but also when I design it.” (May, female student 2).

Regarding board game smooths English language learning and reduces the stress,
freshmen articulated that learning should be associated with the real object. To use
English and to produce English are important in learning.

“Playing the board game becomes a media for me to connect the curriculum.
Boardgame provides motivating and practical instruction and allows me to adopt con-
tentmaterial and develop my L2 ability. I think it is a practical strategy to use and learn
L2for better learning outcomes.” (May, male student 3)

When students design L2 board games for the curriculum, the content remains
creative and logical opportunities to language learners. After experiencing their own
designed board games, students preferred learning L2 through gaming activity over
traditional didactic lectures in the classroom.

“Board game provides opportunities for me to learn the target language. This is my
first-time playing board games. I experienced in class and then try to design another
one with my team members. It is so much fun and creative. It is much better than just
memorize and copy new vocabulary.” (May, male student 1)

“I would definitely write a positive feedback for this class.My classmates and I enjoy
designing the board game so much. Our major is Industrial and Commercial Design.
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I think this is a good opportunity for me to put my actual learning in practice. The
industrial expert likes our design of the mechanism, illustration, and colors. I learned
new vocabulary and animal habitation from our game design.” (June, female student 4).

Research Question 2. Howare Students’motivation of learningL2 from their designed
Board Game?

58 freshmen were engaged in designing L2 board games. 15 randomly selected
participants in the qualitative data were well aware of achieving their positive learning
outcome through the gaming activity. Lowmotivation in L2 learningwas revealed from 3
participants. After participating the design activity, students presented different attitude
in learning English.

“I don’t like to take English test. I was always asked to memorize new vocabulary.
The funny part is, I don’t even remember the old vocabulary. I can I memorize the new
one. The enthusiasm of using English is vital. I was bored in the past English class. After
my teacher introduced me board games, it was so much fun. She invited two industrial
experts to our class, and let the professional told us what are the attractive board games
in the market. How can we design a new board game with interesting idea and creation?
I did not know that I could learn English through participating and design a board game;
English learning becomes motivated and meaningful.” (May, male student 8).

“The teacher used a new way to motivate us learn English. Through making a new
board game, my logical and critical thinking were trained. I wanted to show the peers
how to play our designed board game and learn the target language from answering
questions, getting puzzles, and collecting tokens. I was encouraged to learn English
through this special course.” (June, female student 5).

Making friends becomes another motivation in playing board games and learning
the target language. Some students pointed out that designing a board game from scratch
was not easy, it took time, cooperation, and brainstorming.

“I started to respect those board game designers on the market, I am sure that they
must took a lot of time inventing and developing their board games. Our group used the
poker cards as the inspiration and then we put more elements in the game. Each pattern
represents a tribe, each number carries different tasks. The lowers number the easiest
the task will be. Who earns the highest score become the chief of the tribe. I couldn’t
believe our group created the background story and obstacles by ourselves. I also thank
my teacher’s help for checking the English grammar of the rules and mechanism for our
board game. I met new friends when making the game because we all from different
majors. I enjoy making new friends and designing the board game.”

“The day we took turns sharing our designed board games with others. I made a
lot of new friends. The game designer introduced us how to play their board game. We
shared and experienced at least three games. It was so much fun playing our own game.
Although we couldn’t speak fluent English, we tried hard during the game. We laughed
a lot because we had funny pronunciation.”

Research Question 3. Howare the students’ perceptions of how self-designedL2board
game and family involvement facilitates their target language learning?
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The combination of self-designed L2 board game and family involvement facilitates
English language learning and increases the learning motivation from the traditional
classroom lecture. Students became more creative in the L2 board game design. At the
meantime, family bond was also increased.

“This was my first time playing a board game with my grandmother, she was so cute
when playing with my group members and me. We taught her to say “it’s your turn to
play”, “please roll the dice”, and “pick a card”. My grandma was tong-tied. I bet board
games can reduce the incidence of Alzheimer’s disease. This is also the first time, I
realized speaking English is fun and I wasn’t shy using it.”

“My hometown is in Kaohsiung, I went to my group members’ home and played the
board game with his grandfather. I was so surprised. Even though he is 76 years old, he
had a very good rapid reaction. We needed to find out a kind of animal and said it out
loud from multiple illustrations with very similar shape and color. He always beat us. I
think I need to get a pair of presbyopia glasses. I envy and enjoy my friend’s relationship
with his grandpa. Maybe I should bring a board game and play with my family.”

“After high school, I had less interaction with my families. I thank my teacher to
assign this assignment to play a board game with my parents. When I started to use the
smart phone, I seldom talked and spent time with them. I miss those days when I was
little. I learned to create a board game, I was forced to speak English during the game. I
never thought that my family and I will have so much fun in playing our designed board
game. After the class, board game became the media of communication and provided
me the bridge to reach my loved families.” (June, male student 7).

4 Conclusions

Board games have been used effectively as instructive and informative tools in the learner
centered settings. The researcher and students used self-designed board game to present
L2 material on practical content and promote the curriculum in a stress-free way. A
functional board game allows a language learning environment to turn on every student’s
learning motivation. Students’ designed L2 educational board game strengthen their
cooperation, creation, critical and logical thinking skills and also allow students become
independent thinkers and learners. In addition, the lecture increased reinforcement of
board game enhances learning and family bond. At the meantime, students realize a L2
board game increases their L2 knowledge and self-efficacy ability without experiencing
any pressure, or receiving any orders from the instructor. The perceived fun feature of a
board game would bring positive effect to a L2 learner and increase strong family bond
among family members. The game should be fascinating by all the participants.
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Abstract. Gamification, the process of integrating the “fun” aspect commonly
found in a videogame to mundane processes like learning to make it more inter-
esting. In this research, an undergraduate university student in Thailand is assigned
into two separate groups: A and B. Group A designated as “Gamified Group” is
to study the topic of information security via educational videogame. Group B
designated as “Traditional Group” is to study the same topic via provided paper-
based material. After that, both groups are to test their understanding of the topic
by doing quizzes.We found that while gamified group expressedmore interest and
more actively participate in this experiment compared to the traditional group, the
average test score from both groups is comparable to each other with further exper-
iments shown that undergraduate students in their senior year from both groups
achieved higher average score than first-year student likely due to their familiarity
with information security from coursework they took during years of their study.
This research proved that videogames can be used as a tool in a higher education
environment, with the possibility of developing better education videogames with
increasing efficiency and make them more appealing to the masses.

Keywords: Gamification · Information security · Videogame

1 Introduction

In the digitalization era, information has great importance and value. Thus arise the need
for those who work in the information technology and banking field to equip themselves
with appropriate knowledge and present-day extensive digital learning network has seen
popularity as a platform to raise security awareness both for an individual and corporate
environment. But learning can be monotonous especially when the lesson in question is
not align with your current knowledge, experience, or interest. New learners could spend
a long period just to acquire a basic glimpse and need a high degree of motivation to stay
focused, many are discouraged by its tedious nature. Gamification has proven to improve
learner’s motivation and they are willing to participate in an activity. In this research,
we provide the description of the experiment of using gamified learning platform as a
tool to engage learners in the subject of information security awareness and compare the
result of the experiment to those who learn the same subject via traditional paper-based
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means. The hypothesis for this research is that gamifying learning process will improve
the motivation of participants which will lead to improvement in test scores for security
awareness tests comparing to those who study via traditional means.

1.1 Objectives

Steam customer purchased of videogame from 2020 onward highlight general public’s
interest in videogame and possibility for gamification to motivate user in a topic of infor-
mation security. We are interested in two hypotheses: whether the gamified platform can
complement traditional learning methods and whether the gamified platform is suitable
for learning advance or complex topics.

1.2 Significance of the Study

First, there are several studies on gamification. However, our study of Thailand’s context
specifically focuses on university students in a computer science field. Second, the use
of video games as a platform for academic purposes, while customary, is mostly concen-
trating on kid’s education or elementary lessons. We hope to gain a better understanding
of how gamification can help in a higher education environment.

1.3 On the Definition of Gamification

According to Wikipedia [1], Gamification is a strategic attempt to enhance activity to
create a similar experience when playing a videogame with objectives to motivate and
engage users, be the use of game design and principle in a non-game context so there
might be an argument that the goal of gamification is not “having fun” but about value
creation. However, in this research, we would like to provide a different perspective,
in that “fun” is what makes a videogame a videogame. “Game can be fun to play,
and fun alone is the approved reason for playing them” is a sentence that sociologist
Erving Goffman uses in his essay “Fun in Game” [2] citing that we can include as
many rules and design strategies we want but a “fun” videogame is what motivate and
increase engagement while a “not fun” videogame does exact opposite. We agree with
Goffman’s argument based on our reasoning, personal experience in a lifetime of playing
a videogame, and statistical proof between well-received game and badly-received game
rest on one essence, Do you think your game is fun? And do those who play your game
think so?

1.4 Difference Between Cyber Resilience, Cyber Security, and Information
Security

While these three words seem to use interchangeably, they are different in perceived
objectives. For cyber resilience and cyber security, both are related byword ‘cyber’ and
are both forms of protection against cyber threats. However, cyber resilience recognizes
the situation where the defensive line, cyber security, failed and focuses on how an
organization can remain operational in a critical situation [3].
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Information security can be described as the prevention of unauthorized access and
modification of data in any given state of transferring and storing created to cover three
objectives of confidentiality, integrity, and availability known as the CIA triad. Be those
data be physical or digital, personal, or organizational data [4].

In conclusion, we can think of information security as the smallest parts of the three,
perhaps most important as shown in Fig. 1, and related to the daily use of technology
and how a person can prevent a situation where they are a target of cyber threats. If an
attack does happen, cyber security acts as a defensive line to prevent further damage
spread but if all else failed. Then, it will rely on cyber resilience as a fail-safe plan to
survive the attack and recover to pre-attack state as much as possible. Fixing the system
after the damage was done was counter-intuitive and the best approach is to prevent the
attack from ever happening in the first place thus by raising awareness of individual
people we can be certain that will reduce the incidents of cyber security breaches and
cyber resilience must be used in the future.

Fig. 1. Cyber security model

2 Literature Review

According to R.K. Dixit et al. (2008) [6] cybersecurity is the challenge of the digital
era particularly when organizations want to comply with security policies such as Con-
fidentiality, Integrity, and Availability also known as “CIA Triad”. The paper quotes the
integration of gamification with the traditional teachingmodel asmeans to help reach the
learning objective, the experiment is carried out for university students in their final year.
In the first part of an experiment, the lecturer would teach the subject about cryptography
bound to the story/example concept. Using imaginative scenarios such as “Alice wants
to prove to Bob that she solves the Rubik cube without actually solving. How can Alice
convince Bob?” when students provided the answer for Alice, they also answer the key
question of cryptography “How sender of cryptography prove that he/she is authorized
sender without sending key?”. The second part of the experiment is to use a riddle instead
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of a direct question with the sole objective to assess the student by creating more inter-
est. In this case, the riddle is about how to cipher local language into a known language
(e.g., English). The observation shows that students become interested in solving the
riddle and finding a hidden answer. The process then linked to the coding lesson that
the lecturer aimed to teach. The research concluded that gamification can be applied
with traditional teaching with the result shown 80% of observed student participated in
the experiment have increased engagement and attention span thus make the class more
active.

In a journal by Ulrike Hammerschall (2019) [7], while agreed that gamification
can be applied, pointed out that not all experiments in gamification ended successfully.
Focusing on the motivation aspect of a participant, this research introduced a gamifica-
tion framework for long-term engagement based on two theories: A Self Determination
Theory (SDT) and Transtheoretical Model (TTM). The first theory, SDT, is an app-
roach to human motivation and personality. It identifies three psychological “needs”
that enhance motivation when satisfied, that is the need for competence, the need for
relatedness, and the need for autonomy. Those three “needs” will determine how moti-
vated the person is based on three stages: Intrinsic or highly motivated, Extrinsic or
mildly motivated, and Amotivated or unmotivated. This research further clarifies that
for someone to be interested or start a new activity, they need to be at least intrinsic about
it and by using gamification, the aspect that makes videogame fun and engaging, will
stimulate a person’s motivation between intrinsic or extrinsic through reward, feedback,
or fulfillment. The second theory, TTM, defines a model of behavior change developed
by James O. Prochaska et al. (2005) [8] into 5 stages: Pre-Contemplation the stage with
no intention to change; Contemplation the stage of thinking about change; Preparation
the stage of preparing for change; Action the stage of changing and Maintenance the
stage of keeping the changed behavior. The research notes that the first three-stage is the
most important but using gamification in this period is useless, only during action and
maintenance stages that the strength of gamification comes into play. The reason is that
the player will have the autonomy to do the change and for that he/she needs to believe
that one’s effort is crucial for success.

Believing that, to complete the learning process, it is necessary to combine both
scientific and everyday practices. Maciej Laskowski (2015) [9] experimented to find
that students should learn by finding the practical solution to the problem instead of
finding the answer in the textbook thus increasing students’ involvement. Maciej also
pointed out that the experiment is beneficial not only inside the education field as all
“learners” regarding his or her professions, and lesson of intent are considered students.
Gamification can split into two areas: 1.) Educational game and 2.) Gamified Classroom,
Maciej chooses the latter to experiment on a group of IT students in their later year of
bachelor’s degree, called experiment A, and another group of master’s degree students,
called experiment B. The result has shown that, for experiment A, students who study
in traditional class score better academically than students in the gamified classroom
but have less participation rating. The student in the gamified classroom, where the
leaderboard system is used, reported that a portion of students who ranked lower in the
leaderboard has decreasemotivation compared to the student at the topof the leaderboard.
For experiment B, the gamified classroom has more participation rating and homework
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turned-in than traditional class but score lower academically than the student in the
traditional classroom. It is theorized that because master’s degree student only focuses
on passing the class and generally do not mind about grading if they pass. A mentality
that vastly different frombachelor’s degree students. The journal endedwith a conclusion
that gamification in the academic field can improve attentiveness and participation of
students but has almost no improvement academically.

Chee-Ken Wong and Chien-Sing Lee (2016) [10] developed a website that focused
on the effect of gamification for learning Science, Technology, Mathematics, and Engi-
neering (STEM). The participants of this experiment are diverse in their knowledge of
the subject. As a means to find out that their gamified website succeeds, a survey was
used to collect user’s opinions on a website that would incorporate gamification as a
base for future enhancement. The method of using a survey is what inspires to be used
as one of the main features in this paper.

A dilemma of overspecialization is, according to Wikipedia (2020) [11], is when a
person works in an excessively narrow occupation or field. Most time in a professional
environment, specialization can be seen as beneficial as a person have in-depth knowl-
edge and can handle more difficult tasks. The downside however is if a person is too
narrowly over-specialized it can lead to poor training, unnecessary workflow, and risk
their specialization become outdated as time went by, especially in information technol-
ogy where technology advance rapidly. Marc E. Pratarelli (2007) [12] went into detail
that as more and more innovation is created so need the specialist to maintain them
leading to favor of specialization of specific IT field. Modern academics tend to prepare
people to become specialists to satisfy job-market, companies and actively sought out
a specialist for tasks/projects they currently handling but once those technologies are
replaced bymore advanced forms and become obsolete, thus lead to these specialists that
have a harder time adjusting than their more flexible general-purpose counterpart. The
research concluded that while specialist indeed is essential in the function of society, they
are not to be replaced general-purpose workforces. Academics need to train these two
types of workforces in equal ratios. And people who choose to become specialists need
to realize their fatal weaknesses and dilemmas that one day, the knowledge they have
mastered will be replaced and it is better to have a mindset of being flexible and ready
for changes. For this paper, using a survey to gauge the understanding of participants on
the topic of information security, we find this as an opportunity to discover how many
university students suffered the same dilemmas which will grant us an understanding of
the current academic situation in Thailand.

Yevgeniya Daineko et al. (2008) [13] has developed an educational software based
on the game engine Unity 3D for studying physics. Believing that new technologies in
education will have a significant effect on the process of interaction in the context of
transferring knowledge. The author draws inspiration from various previous works that
make use of virtual environments such as Virtual Star Laboratories byMIT, Project Eyes
on Earth by NASA, A 3D model of a chocolate factory by FX Palo Alto, and Virtual
Game Lab which is an experimental project by psychologist and engineer aims to study
cognitive abilities and behavior of human to solve various mental diseases. The author
outlined and went into detail of many potential game engines that are available such as
Unity, UDK, Cry ENGINE, Torque 2D/3D, and HeroEngine, some engines are more
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specialized in developing genre of video game for example HeroEngine is commonly
used by MMO (Massively Multiplayer Online) videogame developer. Unity is regarded
as the game engine with a wide range of possibilities and an easier learning curve as well
as its multiplatform allows for easy and quick porting of games into various mediums.
Using game engines, the research conducted many scientific experiments inside virtual
environments with the result showing that the execution is much easier and faster. It is
also trivialized more dangerous experiments in which scientists can continue their work
uninterrupted without fear of hazardous elements. We will go into more detail about the
process of picking a game engine suitable for this paper.

Laura Alejandra Martinez-Tejada et al. (2020) [14] discussed many genres of
videogames to choose for the experiment. It was decided that the game must be an
easy game with flexibility for future development/improvement, a 2D platforming game
was selected. The research also went into detail about the experiment of using various
graphic aesthetics, game difficulty, sound, etc. to find out if any of those aspects affect the
interest of the player and to keep them engaged. The result of this experiment concluded
that what affects players’ interest most is gameplay and difficulty, following by graphic
aesthetic and game length, then the sound effect. Interestingly that while the aesthetic
of the game affects the interest of players, a further experiment where players encounter
repeatedly the same thing can considerably bore them, also many players reported feel-
ing bored because intermission (between stages) is too long. The conclusion given is
that for a game to keep players’ interest it needs to have an adequate game length, bal-
anced active game-time and idle time, do not repeat or reuse aesthetic which serves as
a guideline for designing an engaging game for this paper.

In an article published by Venturebeat (2020) [15]. Steam, a video game digital dis-
tribution service by Valve, reported a 21.4% increase in games purchased by a customer
in 2020 in comparison to 2019 with Valve summed up the growth in its blog post saying,
“While Steam was already seeing significant growth in 2020 before COVID-19 lock-
downs, video game playtime surged when people started staying home, dramatically
increasing the number of customers buying and playing games,”. While Steam has yet
to disclose the purchased data of 2021, Analysts predict an increase in game purchased
to continue rising with the current ongoing pandemic and recently announced Steam’s
2021 Winter and Summer sales. Gameindustry.biz, United Kingdom videogame media,
tracking digital download game sales from 16 major game companies across 50 Euro-
pean, Middle-East, African and Asian countries reported 4.3 million games were sold
during March 16–22, 2020 [16] when the new pandemic first spread globally, a 63%
increase compared to amount sold pre-pandemic. The report also points sharp increase
in a country where pandemics hit the hardest and longest, Italy, which saw a 174.9%
increase in digital game sales when the Italian government first announce a lockdown.
Physical game sales also soar with about an 82% increase likely contributing to the abun-
dance of logistic and delivery services born during the pandemic. This data is consistent
with what other news media found such as CNBC, the Conversation, and TechSauce
discussed below.

An article by TechSauce [17] cited an increase in gaming-related conversation on
Twitter application by 97 percent in Thailand during pandemic ranking 4th after Japan,
United States, and South Korea as countries that tweeting most about gaming. Twitter
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data analysts outline three key insights that are: Socialization, Leisure and stress relief,
and Videogame popularity among Gen-Z and Millennial.

In a journal by Zhu Lin, with the release of Nintendo’s “Animal Crossing: New
Horizon” successfully get everyone’s attention, the game’s dreamland-like aesthetic and
relaxing gameplay provide “temporarily escape” from harsh reality for many people
who suffered anxiety and isolation during COVID lockdown. [18] The game’s social
platform is a perfect solution where people may meet up online. On the other side of the
spectrum, id Software’s action First Person shooter “Doom Eternal” released alongside
Animal Crossing also gain an increase in popularity as a fun shoot-em-up game that
provide “stress relieve” through the sheer amount of violence and gore presenting in-
game with one videogame reviewer cited in the article that Doom Eternal help make
them “less angry” [19].

3 Methodology

For this research, there are four stages of progression: First, Picking a target group.
We choose Computer Science undergraduate students equally divided into two groups:
GroupA, “GamifiedGroup”, and group B, “Traditional Group”. As for experimentation.
There are two tools in use:

• Apaper-based document containing all the lessons the participant needs to learn about
security awareness before the examination. This will give to the only participant of
group B. (See Appendix)

• A gamified lesson in form of a simple videogame. The detailed lesson in-game is kept
the same as the document given to group B with some alterations to suit the flow of
gameplay. The game will be played only by the participant of group A.

The first group learns solely via the gamified platform and the second group solely via
traditional paper-based means. Both groups are given approximately 30 min to study
their assigned lesson. Once both groups finished studying, we will move to another
stage, the Examination.

Second, Preparation for the gamified lesson. Taking lessons learned from an exper-
iment by Laura Alejandra Martinez-Tejada et al. (2020) [14] it is safe to assume that
one does not need to develop a complex videogame to complete the intended objective.
Rather, the simpler the game the easier it to determine the effectiveness of gamification.
Any result will be used for future research into more advance and complex videogames.
We decided to choose Unity for developing our gamified platform as it is one of the most
well-known game engines in the current market, due to its free-to-use and consumer-
friendly policy, lower learning curve, versatility, low system requirement, the engine
provides a vast library of materials and established online community. The finished
gamified platform resembled a complication of minigame comprises into one single
game.

Another notablemention is auxiliary applications, thatmay ormaynot be categorized
as game engines like Torque, Blender, and Adobe may be used to help create models,
artwork, or other functions needed in the finished game.
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Unlike traditional learningmethods that rely on repetition andmemorization,Gamifi-
cation can provide the student with an interactive lesson in similarmanners to videogame
use its storytelling and gameplay to captivate the player. For example, in oneminigame, a
student(“player”) assumes the role of “Mario” from the well-known classic platforming
game “Super Mario Bros.” shown in Fig. 2. We combined the story of Mario in his quest
to save Princess Peach from the evil Bowser with a lesson we want a player to learn, in
this case, about the common delivery method of computer viruses.

Fig. 2. A screen from the minigame resembled Super Mario Bros.

Another reason we choose to develop a minigame with Super Mario Bros. theme
is that the game itself is an established videogame title, publicly well-known even to
those who do not play videogame have heard of Mario. Thus, by role-playing as Mario,
we created a sense of objective for the player. “To save the princess by choosing the
correct answer for Mario”. There, we continue into the gameplay section of minigame,
to control Mario and hit one of the coin blocks that contain the correct answer shown
in Fig. 3. In any case that, the student-controlled Mario chooses the wrong answer that
coin block will become inactive with a message asking a player to choose another coin
block. The process will repeat until the player finally chooses the correct answer.

However, the Mario character and the assets associated with the Mario series are the
product of Nintendo and are protected by intellectual property law. An ‘asset flip’ or
using copyright-free assets instead of Mario is considered. The change will only affect
aesthetics and not the core gameplay of the game.

Another minigame example is a simple matching game, where the player assumes
the role of an electrician to correctly connect all electrical wires shown in Fig. 4. The
gameplay share similarity to choosing coin blocks in Mario minigame but different aes-
thetically. This is to prevent repetitive gameplay experiences and provide the player with
something new to not bore them, a strategy often uses by many videogame developers to
keep the gameplay loop fresh. Choosing the wrong wire resulted in that wire retracing
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Fig. 3. Player-controlled Mario to hit one of the coin blocks that contain the correct answer.
Choosing wrong coin blocks resulted in those blocks become inactive with the message “Wrong
answer” shown to a player.

to the original position, letting the player know that their answer is incorrect and need
to choose another answer.

As both students from groups A and B are given equal time of approximately 30 min
to learn about information security. It is crucial to developed videogame based on this
factor. Since, unlike reading material from texted paper, the playtime of each player can
vary extensively and without reserving, some students might not be able to finish their
game within the assigned 30 min. After both groups finished studying their assigned
lesson, we then continue into the third phase. Taking quizzes.

Fig. 4. An electric wiring minigame
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Third, A Quiz. A test was given to participants of both Group A and B after they
completed their respective lessons. The participants are instructed to complete the test
within 30 min and are not allowed to use any means of assistance during this period.
An exam has 3 parts with a gradually increase in difficultly starting from the most basic
knowledge of information security in part 1 (easy), to intermediate in part 2 (normal),
to advanced knowledge in information security in part 3 (hard), each part contains 10
questions with a total of 30 questions combined, each question uses a traditional 4
choices that participant must choose the only one which they think is most true. The
basis for questions in the exam based on ISACA CISM’s information security tests
(2020–2021) [20, 21]. Once all participant from both groups completes their test. We
will analyze the score of each group to compare the following:

• Which groups fare better academically in terms of scoring the most correct answers
out of 30 questions.

• Comparing how many students from each group pass the easy difficulty.
• Comparing how many students from each group pass the easy and normal difficulty.
• Comparing how many students from each group pass all the difficulties in the exam,
scoring a minimum of 18 scores with a minimum of 6 scores for each difficulty.

As the test using a linear progression of questions becoming gradually more difficult
every 10 questions. It is an opportunity to see whether student from each group has the
adequate knowledge to progress into more advance subject or they only specialized at
parts of the exam. For example, one student might have intensive knowledge of advanced
information technology but lack a basic understanding of information security. Another
student, on the other hand, might have knowledge in basic and intermediate information
technology but lack understanding in advanced knowledge. The passing line is more
than 60% correction rate (6 out of 10) for the student to pass each part.

Forth, Result Analysis. The test result of both group A and B will be totaled and
compared to prove that the hypothesis of this research that is: “By gamifying learning
process will improve the motivation of participant which will lead to improvement in
test score for security awareness exam comparing to the test score of those who study by
traditional means” holds true. From there, depending on which hypothesis held true or
not, we will analyze the factor that contributed to the result of the experiment, examining
possible improvement(s), and reach the conclusion of this experiment.

Due to the ongoing COVID-19 pandemic and subsequent lockdown mandate, we
made a backup plan in case the original plan to conduct experiments with a gathering
of people together may not be possible. Paper examination and reading material will be
provided via online form and file transferring. The videogame will be played by sharing
the application and played in a limited timeframe as planned. Additionally, the target
group may change to those with Computer Science knowledge or related fields with at
least a bachelor’s degree and similar age.
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4 Result

The test was conducted on two separate occasions, both tests divided participants equally
into two groups: A and B.

In the first test, with a student from the same coursework and academic years as
a participant. Observation of students from Group A (“Gamified”) showed a positive
response and overall interest toward gamification platform with approximately a third
of the group express the idea of binding difficult topic with videogame interesting.
Nevertheless, the average scores of both groups shown in Fig. 5 are comparatively
similar with students from both groups achieved passing scores (more than 60%) on Part
I and Part II of the test, while retaining between 40–60% average score on Part III of the
test. Both groups have shown great understanding of the material covered in Part I with
an average score of 75% with a declining score continue Part II of 60% and III of 40%.

Fig. 5. An average test score of both groups in the first test

In the second test, a student from the same coursework but varied academic years as
a participant. Observation of students from Group A (“Gamified”) showed an identical
positive response and overall interest as the first test although about half of the group
express the binding of a difficult topic as interesting with other half commented that the
gamified platformmight not be able to provide enoughmaterial to an otherwise elaborate
topic as information security. As a matter of score, the average scoring of both groups
shown in Fig. 6 is comparatively similar, in the same manner as the first test. However,
both groups showed an increase in average score across all three parts, with an average
score of 80% on Part I and around 60% on Part II and III. The reason likely contributed
toward the presence of the senior student in both groups who potentially have a prior
lesson in topics covered in this test.
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Fig. 6. An average test score of both groups in the second test

5 Conclusion

Through this experiment, it is observed that whilemost students found using the gamified
platform as a great and interesting learning tool for information security, it offers limited
benefits in terms of improving student scores when compared to traditional teaching.
Mayhap due to the style of the game used in this research did not reflex all participant
fondness and are more streamlined than lessons found in paper-based materials, which
called for future research into developing more generally accepted gameplay and how to
integrate more lessons into videogame while at the same time balancing the fun aspect.
However, if we take into consideration other factors such as enjoyment and attentiveness.
The gamified platform has achieved much more compared to the traditional learning
method in both educational and fun.Overall, the result has shown that gamified platforms
can be applied and use as an effective tool in a higher education environment to increases
student engagement and study efficiency.
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Abstract. In the workplace, mathematics is a fundamental skill. Mathematics is
very important to business management students, and it is used as a tool in almost
all four-year college courses. However, the number of students who can truly
enjoy mathematics should be very small among business management students.
The integration of information software into teaching has become an important
trend, and the charm of anime for young people should not be underestimated.
Therefore, in this study, the university studentswere given the opportunity to create
a digital textbook for Grade 12 mathematics in which they were transformed into
anime characters. In addition, the students were able to learn how to use the new
software to create digital teaching materials by using group work and peer-to-peer
collaboration. The study was conducted with a valid population of 36 students,
and a focus group and questionnaire were used to collect information. It was found
that by searching, developing the content, designing the questions and solutions,
and explaining the origin of the formulae, the participating students were given
the opportunity to learn the mathematics of Grade 12 again, gaining positive
thoughts about mathematics and increasing their enthusiasm and willingness to
learn mathematics. In addition, the study used the app “Moment Cam”, which
none of the study participants had experience with, for peer-to-peer collaborative
learning. It was found that collaborative learning is also a good way to learn to
use new tools.

Keywords: Moment cam ·Mathematics · Collaborative learning · App

1 Introduction

In the workplace, mathematics is a basic capability and an auxiliary tool used in services,
finance, and other industries [1]. Many occupations apply mathematics knowledge, and
more than half of high-paid workers use mathematics that is more advanced than basic
arithmetic in their daily routinework; 1/10workers with lower income need to use higher
arithmetic abilities when working [2, 3]. Thus, the importance of mathematics cannot
be ignored in the development of work abilities.
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Mathematics is of great significance to the students of Business Management Col-
leges as it is used as a tool in almost all four-year college courses, and the Department of
Finance is one of the departments that rely most on mathematical tools. The junior-grade
courses of the Department of Finance include basic business management subjects, such
as Economics, Accounting, and Statistics, while the middle and senior-grade courses
include courses about the advanced application of mathematics, such as Money Man-
agement and Banking, Fixed Income Securities, Equity Securities, Futures, and Option
Pricing, thus, mathematical ability is necessary for junior to senior grades.

For graduates of the Department of Finance, their future employment industries
may include futures and securities, investment consulting, banking, and insurance, thus,
whether at school or work, mathematics will always be an important tool for them.
As the graduates of the Department of Finance are in great demand in the job market,
their incomes are above the average, and some students are guided by their parents
in high school to choose to study in the Department of Finance. However, among the
junior-grade students of the Department of Finance, there are still many students whose
mathematics scores are below their average in high school, and after being admitted to the
Department of Finance, they still lack interest in learning subjects that use mathematics.
This study aimed at exploring whether the use of animated elements to compile digital
teaching materials can increase such students’ interest in mathematics learning and
whether collaborative learning through group work is conducive to improving their
learning effect when compiling digital teaching materials.

2 Literature Review

2.1 Impact of Anime and Manga on Learning

As they are diversified and interesting, comics have become a popular art form all
over the world [4]. Comics show characters and their facial features in an extremely
exaggerated and distorted way [5]. With the development of science and technology, an
easy-to-operate photorealistic comics generation system was created, which enables the
public to generate personalized photorealistic comics through simple operations. This
system shortens the time and reduces the complicated process of hand painting, and
can also be used in TV programs, cartoons, the internet, newspapers, magazines, digital
entertainment, teaching, and other fields. By simply inputting photos into EnforManga’s
interactive system, photos can be converted into comics, andmultiple photos can even be
input at the same time to form a comic book [6, 7]. NPR (Non-Photorealistic Rendering)
technology has gained more attention in recent years, and is used to make photorealistic
photos into images in the style of hand painting [8]. Compared with real imaging, NPR
mainly shows aesthetic feeling and artistic quality.

Learning interest is a key in the learning process, and if learners’ interest can be
stimulated in the learning process, it will help to improve their problem-solving abilities
[9–11]. When learning mathematics, complex narration or problem-solving steps often
seem unintelligible, which makes students perplexed, confused, or even give up, and
lessens their interest in learningmathematics. Anime andmanga can bring better illustra-
tions and explanations than words for the complicated and unintelligible steps presented
in a narration, which not only provides learners with more information, it also make it
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easier for people to understand [12, 13]. A growing number of peer-reviewed articles
across the disciplines report that activities involving manga, graphic novels, and car-
toons stimulate engagement and enjoyment in learning, helps students to memorize and
clarify key concepts, and stimulates critical thinking [14]. As anime and manga-assisted
instruction can make course content more lively and interesting, it makes students more
interested in learning. As they are not limited by time or place, students whose scores
are below the average can practice repeatedly with anime and manga-assisted teaching
materials, which can help them improve their learning effects and understand concepts
[13].

2.2 Specify Assignments for Collaborative Learning

School assignments are indispensable in the learningprocess, an essential part of teaching
activities, and important to help students learn and grow [15]. According to [16], if school
assignments are properly planned and executed, they can effectively enable students
to take the initiative to arrange their time, cultivate their sense of responsibility, and
increase their independent decision-making skills [17]. In addition, school assignments
can bring many benefits. For students, school assignments can verify their achievements
and understanding of course content, deepen their impression of the course, guide their
learning direction, and highlight the focus of the course, meaning that students can learn
by themselves, develop their interest in learning, and find suitable learning methods. For
teachers, assigning some courses as homework enables teachers to interpret the course
content more efficiently, and identify the areas that students need to strengthen [18].
Interesting and creative assignments will allow students to experience the fun of seeking
knowledge while enhancing their capabilities [19].

In addition to traditional paper-based homework, with the progress of science and
technology, electronic homework is becoming more and more popular. Tan and Liu [20]
discussed the effect of electronic homework, and found that it can help students deepen
their learning impression and transform the core scientific concepts of the teaching
materials into knowledge of their own. The best advantages of electronic assignments
include convenience, variety, and making students learn independently.

“Collaborative learning” is an umbrella term for a variety of educational approaches
that involve joint intellectual efforts by students, or students and teachers together. Usu-
ally, students work in groups of two or more, mutually search for understanding, solu-
tions, or meanings, or create a product. While collaborative learning activities vary
widely, most center on students’ exploration or application of course material, and not
simply the teacher’s presentation or explication of it [21]. Collaborative learning includes
two types: learning together with peers and learning together with teachers and students.
Some scholars have put forward relevant arguments for learning with peers. During the
process of learning by observing peers, people with high, average, and low skills have
dual roles as instructors and learners: people with high achievements and skills teach
those with average and low knowledge and skills [22]. Also, during this time, the learn-
ing situation of those with average and low achievements can be known. Peers can grow
up synchronously by observing and helping each other [23]. In the process of peers
working together to complete group works, whether through interpersonal interaction
or observing and learning, they can achieve the goal of learning while also developing
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social skills, such as cooperationwith others, listening, communication, and compromise
[23–26].

Comics and anime are goodmemories formanypeople from their childhood.Accord-
ing to relevant literature, integrating anime and manga into teaching, and letting learners
enter interesting and meaningful visual learning scenes, should help to improve their
learning interest and effect. Collaborative learning can enrich participants’ knowledge
synchronously and improve their learning effect. This study introduced anime andmanga
to the teachingmaterials of junior-grade students in the Department of Finance, and used
interesting and electronic multimedia group work to conduct collaborative learning and
observe its influence on students learning interest and effect.

3 Research Process

This study applied peer-to-peer collaborative learning through group assignments, and
evaluated the learning method. The purpose of the evaluation was not only to check
assignments, but to understand students’ learning conditions, promptly motivate stu-
dents, increase their enthusiasm and confidence in learning, and cultivate their self-
awareness, reflection, and progress [27]. The research subjects and related steps are
described as follows.

3.1 Research Subjects

This study took a total of 40 freshmen from the Department of Finance of a national
university in mid-south part of Taiwan as the subjects, and divided them into 13 groups,
including one group of 4 people and the remaining groups of 3 people per group. How-
ever, during the study, the group of 4 people quit, thus, there were 36 valid subjects,
divided into 12 groups.

3.2 Research Method

Focus groups interviews and a questionnaire survey were conducted to explore the learn-
ing experience of the participants. When deciding the contents of the group work, the
focus group method was used to collect opinions. The questionnaire survey was con-
ducted in Week 4 and Week 9 of this study, and open-ended questions were designed to
understand the participants’ experience and self-assessment in the study.

3.3 Research Assignment

Before using digital teaching materials, it is necessary to know more about the influence
of employing electronic teaching materials on teaching and learning [28–30]. As the
subjects had little contact with calculus, statistics, economics, or accounting, they may
not be able to compile the digital teaching materials. Therefore, it was decided to take
senior high school mathematics as the theme of the designated assignment.

This study collected opinions from the subjects through focus groups, and after
discussions, it was decided that the theme of group work was to let students make digital



A Study on the Application of Collaborative Learning 369

teaching materials for “Mathematics of Grade 12”. During the discussion of the focus
groups, many mentioned and agreed that “Mathematics of Grade 12 is a basic course
that connects with college courses, and is the foundation of mathematics for college
students, thus, its importance cannot be ignored” and “Mathematics of Grade 12 is still
familiar to me, but it is a challenging task to present mathematics with comics, which
is worth thinking about.” Among the 40 subjects, as based on the self-assessment, 29
believed that they did not perform well on mathematics in Grade 12, accounting for
72.5%; 33 thought that they did not like mathematics in high school, accounting for
82.5%; 23 believed that they did not perform well and did not like mathematics in Grade
12, accounting for 57.5%. All the subjects studied “Mathematics of Grade 12” in high
school, and most of them considered it a subject that would make students feel stress.

Each group had 9 weeks to complete the assignment, and the content of their report
must include digital photorealistic anime and manga teaching materials covering all
chapters of “Mathematics of Grade 12”. During these 9 weeks, each group was required
to discuss their works with their professor every week, where the professor could raise
suggestions for modification, and share the progress and content of the groups, but was
not permitted to evaluate the contents until the students had finished. Figure 1 shows the
flow chart of discussing the assignment with the subjects.

Discussion
Set target 

progress and 
assign work

Track the 
progress

Discuss the 
revisions

Finish the 
assignment

Fig. 1. Flow chart of discussion with students.

The once a week homework review and evaluation allowed the professor to observe
the students’ understanding and mastery of the content, as well as detect any changes in
theirmood and attitudes.Weekly evaluationswere intended to understand the differences
in each student’s personality and protect students’ self-confidence and self-esteem. By
giving such regular evaluations, students could understand the direction of their progress
through constant revisions, and then, make more complete works.

When making the digital photorealistic anime and manga teaching material for the
“Mathematics of Grade 12” group assignment, the subjects used free downloadable App
“Moment Cam”, “Color Manga Camera”, and “Comic Sketch Camera”, as these APPs
can deform, exaggerate, and make photos into manga, which are effects evolved from
photo retouching software. According to [31], “photo retouching” refers to using digital
tools on computers or mobile devices to retouch and edit digital photos to improve
the shooting effect, such as adjusting the light and tone, removing defects, etc. In the
past, retouching skills required professional knowledge, which limited the application
to celebrities, advertisements, modelling, etc. However, with the development of the
digital age and the progress of science and technology, it has gradually spread to the
general public, and contemporary software, such as “Moment Cam”, which turns users
into cartoon characters, has become popular social software. Ren, the founder of the
“Moment Cam” App, believed that it is so simple to operate the App that users can
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easily make cartoon images and share them with others, which can help people show
humor and personality, become closer to each other, and create more happiness in life
[32].

The “Moment Cam”, “Comic Sketch Camera”, and “Color Comics Camera” Apps
used in this study can be downloaded and used for free, thus, it is very convenient for
students, and with no economic burden. In terms of functions, in addition to having
cartoon presentations in color or black and white, an image can be matched with words
and sound effects to increase its liveliness and diversity, just like the original presentation
of photorealistic comics. Table 1 shows the progress of making photorealistic anime and
manga mathematics teaching materials.

Table 1. Progress of making photorealistic anime and manga mathematics teaching materials.

Work Week 1–2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9

Project
execution

Select the
math
teaching
materials
of Grade
12, and
collect
relevant
contents
and design
topics

Design
teaching
materials,
including
formulas
and
principle
descriptions

Edit
example
questions

Shoot the
classroom
scene

Design
actions in
different
scenes

Discuss the
revision

Discussion
of details
of the
revision

Make the
final
revision
and
submit
the report

Making
cartoon
characters

Try to
make
personal
cartoon
character

Try to make
a variety of
lively and
funny
expressions
of personal
cartoon
characters

Peer
observation
of personal
cartoon
characters

Place
cartoon
characters
in the
real-life
tables and
chairs in
the
classroom
scene

Background
processing

Special
effects
integration

Software
application
and Peer
observation

Put cartoon
characters
into the
digital
teaching
material

Peer
observation
of each
group’s
progress

Peer
observation
of each
group’s
progress

Peer
observation
of each
group’s
progress

Peer
observation
of each
group’s
progress

The Apps, such as Color Manga Camera and Moment Cam, as well as the making
steps and technologies of the software, were provided to the participating students.
After each group selected their Grade 12 teaching material, they started creating their
personal cartoon characters, as shown in Table 1. The students first took their photos
with smartphones, and then, applied the abovementioned Apps to make the photos into
static and live personal cartoon images with different styles, which were then input into
their digital mathematics homework as characters. The photos of the teaching material
authors were produced only with the consent of the parties concerned, as shown in Fig. 2.
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When making their personal cartoon characters, members of the same group did not
have to take group photos at the same time or place, instead, members were encouraged
to take their selfies, make them into cartoon characters with distinct personal styles,
and then, uniformly upload the characters to Facebook and place them in the same
classroom scene, as shown in Fig. 3. As “Moment Cam” is a customized App with
many facial expressions to choose from, each group member could choose various facial
expressions, such as joy or confusion, and match the plot developments with vivid
character movements according to their preference, as shown in Fig. 4. Finally, the
cartoon characters, playing the role of students, were placed into the classroom scenes,
and integrated through PowerPoint to make the digital photorealistic anime and manga
mathematics teaching materials.

Fig. 2. Photorealistic cartoon characters placed into
classroom scenes.

Fig. 3. Photorealistic cartoon characters
placed into classroom scenes.

Fig. 4. Various possible reactions, facial expressions, and movements of students.

The duration of this study was 9 weeks. At the end of Week 4, each group presented
a draft of their digital teaching materials. At that time, the first questionnaire survey
was conducted to collect the subjects’ participation experience with open questions.
From Week 5, each group watched the digital teaching materials designed by other
groups, and then, revised their work. In Week 9, when the assignment was submitted
for presentation, the second questionnaire survey was conducted to collect the subjects’
participation experience with open questions.
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4 Results

In the first questionnaire survey inWeek 4, regarding the subjects who originally disliked
mathematics and believed that their mathematics performance in Grade 12 was poor, the
experience of making the digital Grade 12 teaching material using photorealistic anime
and manga was summarized, as follows:

1. We could think about how to make boring mathematics attractive from different
angles, which can train students to think in many ways.

2. Presenting the results in a way that I had thought about not only made me knowmore
about the application of the whole mathematical formula, but also greatly interested
me to learn more.

3. The basic application of mathematics is wide in daily life. If we can learn it easily,
we can reduce our aversion to it.

4. I like drawing, but I usually can’t draw the feeling I want. With these Apps, I can
make the pictures I want.

5. I like reading comics, and I can draw pictures myself. I can express my desired
results more vividly through these Apps.

6. Comics can present the message with very simple images, and combining them with
mathematics can make boring mathematics easier to understand.

7. I am not interested in static comics or hand painting, but the presentation of anime
and manga can arouse my great interest.

8. I am not good at drawing, but I can make different effects through the Apps, which
is a method that can get twice the result with half the effort.

Their experiences of group collaborative learning, individual learning, and using
new technology to make digital teaching materials are, as follows:

1. At the beginning, only simple technical modifications were made, and the finished
draft was relatively rough, so I began to study the software. Although it was hard, it
also made me learn one more software.

2. For both work and the report, we must have certain steps and processes, or we will
mess up our plans and thoughts, and fail to present the best report.

3. It helped me learn to stand in the position of others, think for others, respect their
opinions, and know how to communicate and coordinate with group members.

4. By absorbing the teacher’s advice and revising each assignment, I found more
production techniques in the process.

5. When doing group work, I felt imbalanced because of the uneven division of labor,
but I also realized that able people can do more work, and there is no right or wrong.

From Week 5, each group provided works for their peers to observe and learn from
each other. Each group communicated autonomously and conducted peer-to-peer collab-
orative learning. In Week 9, the assignment was submitted and a questionnaire survey
was conducted to learn about the experiences of the students that participated in the
research. The general reactions are, as follows:
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1. By observing the works of other groups, I could see the relative deficiencies in my
group, and I also humbly asked others for their production methods, and members
of other groups lent a helping hand.

2. The teacher once said, “A successful report is to attract the attention of the audience”,
so we aimed at it. Our peers’ focus gave us the greatest affirmation.

3. Through the report, I not only learned the knowledge of mathematics, but also
learned how to cooperate with my peers, and realized that the report was not just for
homework submission, but also for myself.

4. This report allowedme to learn the importance of taking suggestions, and the revised
works were more complete. Teachers were added to the contents of the report and
became the main role, which also added interest to the report.

5. Integrating photorealistic anime and manga, and comics into mathematics teaching
materials gives boring mathematics a brand-new and avant-garde interpretation. If
mathematics can be taught in this way in the future, it will surely get many positive
responses and reduce the gap between students and mathematics.

5 Conclusions and Suggestions

5.1 Conclusions

With the coming of the digital age, teaching models are also changing, and with the
continuous development and innovation of information technology, textbooks will grad-
ually develop from the original paper to the electronic version [20]. Mathematics is an
important subject that is recognized as the foundation of science, technology, and social
development, and closely connected with life. However, it is also the subject students
feel most afraid of, which may be because of its boring and complex content. Students
often start to dislike mathematics in Grade 4 or 5 of elementary school, and mathemat-
ics in junior high school is more difficult, which makes students even less confident in
their abilities. Many students in senior high school even choose an art class to avoid
mathematics, and finally, give up mathematics completely after the college entrance
examination [33, 34].

This study aimed at Grade 12 mathematics, and combined mathematics with digi-
talization to allow junior college students to compile the digital mathematics teaching
materials of Grade 12. Through this assignment, the subjects learned how to apply new
software together through peer-to-peer collaborative learning, and compiled the digital
photorealistic anime and manga mathematics teaching materials.

In the nine-week research process, through findings and compiling teaching mate-
rials, designing questions and solutions, and explaining the origin of formulas, the par-
ticipating students who disliked or believed that they did not learn mathematics well in
Grade 12 had the opportunity to study it again, and they became more positive about
mathematics, thus, enhancing their enthusiasm and interest in mathematics.

This study applied newApps to carry out peer-to-peer collaborative learning. In order
to understand the functions of “Moment Cam” and its effects, groupmembers carried out
collaborative learning within groups and explored together in the early stage by learning
from each other. After 4 weeks, the members of each group gradually developed similar
abilities and thinking, and then, peer observations were available to each group for the
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students to learn and communicate, thus, each group learned skills they lacked, drew
inspiration, and learned from each other to pursue results with better quality. Moreover,
it also stimulated students’ innovation and positivity and improved the learning effect.
For learning how to apply new tools, apart from one-way interpretation, collaborative
learning is a good learning method.

5.2 Suggestions

Regarding the complicated steps presented inmathematics narration problems, the effect
of anime andmanga can bring better illustration and explanation thanwords, and provide
learners with more information that is easier to understand [12, 13]. This study compiled
the digital anime and manga teaching materials of “Mathematics of Grade 12”. After
peer evaluation and observation, it was considered that anime and manga helped to
clarify the concepts that were difficult to understand in the past. Perhaps physics and
chemistry courses, which are also difficult for students to understand, can compile digital
photorealistic anime and manga teaching materials to facilitate course learning.

Anime and manga are attractive even to children. While this study produced only
digital photorealistic anime and manga teaching materials to motivate Grade 12 students
to learn mathematics, it proposed expanding the range to Grade 11, Grade 10, Junior
High School, and Elementary School, to help students learn and develop their interest
in mathematics.
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Abstract. Dyscalculia is a specific neurological affliction that disrupts a person’s
ability to understand and manipulate numbers. We intend to develop a serious
game for children who attend primary school (up to 4th grade) and whose pur-
pose is making the learning of basic mathematics (simple arithmetic) easier, by
introducing specific mathematical problems and educational games that stimulate
memory, amongother aspects. To that end,weundertook a straightforward andpre-
liminary evaluation of the serious game developed and present its results. Indeed,
we believe that the findings of our pilot case study can be useful to determine
some perceptions that may be vital to understanding the problems with teaching
mathematics and the issues students face in this regard.

Keywords: Dyscalculia · Basic education ·Mathematics · Serious games ·
Learning disability · Developmental disorders ·Multimedia interfaces

1 Introduction

1.1 Dyscalculia

A child with dyscalculia can exhibit several symptoms, such as difficulty in recognizing
numbers, in correlating numeric symbols (“5”) with their corresponding word (“five”),
or even in recognizing patterns and putting things in order. Furthermore, dyscalculia
not only affects children in a school environment, but also in day-to-day activities, like
struggling to remember distinct numbers (e.g. postal codes or telephone numbers), issues
concerning money, distinguishing left from right, watching the clock and telling the time
[1].

DevelopmentalDyscalculia (DD) in children is relatively common,with a prevalence
of 3 to 6% in the school population and with high rates of comorbidities such as ADHD
and dyslexia [1, 8]. In point of fact, there is a relevant correlation between mathematical
challenges and the inability to read: it is estimated that 40% of dyslexics also have a
mathematical disability [5].
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Furthermore, childrenwith dyscalculia exhibit general deficits in number processing,
including access to verbal and semantic numerical information, counting points, reciting
number sequences andwriting numbers [6].Despite this, childrenwith dyscalculia but no
reading disabilities presented average, and even above average, results in tasks involving
phonological working memory, access to non-numerical verbal information, non-verbal
intelligence, language skills and psychomotor skills [10].

In this paper, we explore the impact of an application created with the purpose of
teaching mathematic with students from different school years. After briefly presenting
the related work and discussing the importance of such an application, we describe the
methodology used for this case study and its results. By reporting our observations, we
throw some light on how children of different school years may take advantage of an
application purposefully created to help teachmathematics and, as such, how these types
of applications could help children with developmental dyscalculia.

1.2 Related Work

In this section, we briefly outline scientific background related to developmental dyscal-
culia and the importance of creating interfaces that can help children with these
disorders.

Research showed that childrenwith arithmetic difficulties performed poorly on a task
that required the memorization of dynamic visual information [11]. These results are
consistent with other findings [4], that report lower performance in children with arith-
metic disabilities regarding the memory game Corsi Block Tapping test. Thus, deficits
in working memory systems have contributed substantially to specific deficiencies in the
construction of a number’s cognitive representations, in the formation of concepts and
procedures, and in the retrieval of arithmetic facts in children with DD [2, 3].

In another study [7], the aim was to assess the differences between strategy selection
and information processing in childrenwith andwithout mathematical disabilities, of the
first and second school year. The chosen strategies and the time needed for the problem
solving were recorded on an experimental basis and each was classified according to
the association’s strategy choice model. Based on performance, indexed by achievement
test scores, the sample group with the learning disability (LD) was then subdivided and
reclassified into twogroups: anLD-enhanced group and anLD-no-change group (a group
that did not show a great ability to work around problems). Nevertheless, there appeared
to be no substantial differences between the two groups. The performance characteristics
of the LD-no-change group, compared to the remaining group, included frequent errors
in memory counting and retrieval, frequent use of an immature computational strategy,
poor strategy choices, and a variable rate of information processing. These performance
aspects were taken into account in terms of the strategy choice model and in terms of
potential long-term memory deficits and working memory capacity.

During the research carried out, multiple applications were taken into account and
analysed (Table 1) [12–14].We concluded that none of the applicationsmentionedmet all
the necessary requirements for an improved learning by our target audience.

Hence, we want to create an easy-to-use application that tackles two challenges: (1)
does not require constant adult supervision, but rather expects only assistance if needed;
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Table 1. Comparison of several applications already in the market.

Application Ease
of use

Mathematical
problems

Logical
reasoning

Memorization Daily
activities

Portuguese
language

Socratic No Yes No No No Yes

Photomath No Yes No No No Yes

Mental Math
Practice

No Yes Yes No No No

Flow Free Yes No Yes No No Yes*

Lumosity No Yes Yes No No Yes

NeuroNation*** No No No Yes Yes Yes

Prodigy math
game

- - - - No **

Know abacus Yes Yes No No No Yes

Math & Logic -
Brain Games:
Preschoolers to
age 10

No Yes Yes No No Yes

Legend:
* Brazilian Portuguese,
** Not available in Portugal,
*** Not suitable for the age group (up to the fourth school year)

(2) has a simple and easy-to-understand vocabulary in which a child can understand any
and all mathematical problems with no difficulty.

Also, as alreadymentioned, there are some situations where dyscalculia is associated
with dyslexia, so we also intend to implement a reading function in order to simplify the
problem’s interpretation. Indeed, our research shows that the only application with this
feature is NeuroNation. However, it is not suitable for our target audience.

For all the described reasons, and considering the ultimate reality of the applications
currently available on themarket, we intend to develop an application thatmeets all of the
following requirements for an improved learning experience: be ease of use; support the
Portuguese language; provide mathematical problems, logical reasoning, memorization
exercises and daily activities.

2 Case Study

We divided the case study into two different phases: (1) usability evaluation of the inter-
face developed; (2) accessibility assessment of the application. The adopted methodol-
ogy consists of a quasi-experimental design with a qualitative focus. A non-probabilistic
convenience sampling technique was used.
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2.1 Participants

In order to carry out the usability testing, we contacted the Augusto Moreno School
Group, located in Bragança, Portugal. As such, the functional prototype was tested at
the Santa Comba de Rossas primary school. Fourteen students participated: two from
the first grade, six from the second, one from the third and five from the fourth grade.
We assessed if the participants were used to using a computer and a computer mouse for
study purposes through a questionnaire with closed-ended questions, at the beginning
of each test. Indeed, only one first grader was not used to using the computer to study.
However, he was used to working with the computer on a general basis and, as such, that
fact would not skew our results in terms of performance. Out of all of the participants,
ten of them had not yet used a computer to specifically study mathematics.

2.2 Apparatus

The activities were performed individually, in a controlled environment, with a partici-
pant observer (which oriented the user in the task’s fulfillment). All tasks were displayed
on the computer screen. The followingmaterial resourceswere used: a computermonitor
displaying the application, a computer mouse for interaction.

2.3 Application

The application was developed with precise requirements, which we describe next. Fur-
thermore, a series of graphical assets were created for the branding of the application,
such as a logo, icons and its graphical user interface.

Functional Requirements. In the application’s homepage (see Fig. 1), the user has
access to themainmenu,where he/she can select the intendedoption: either “Challenges”
or “Teaching Games”.

On one hand, if the user selects the menu “Challenges”, the following steps will take
place: (1) a new screen will appear, in which the user can choose their school year (see
Fig. 2), and thus corresponding level of difficulty (“1st grade”, “2nd grade”, “3rd grade”,
“4th grade”); (2) after selecting the intended option, the challenge begins, consisting of
5 multiple choice math problems related to the subject taught in the corresponding year
(see Fig. 3); (3) at the end of each challenge, the application displays howmany questions
the user has answered correctly. Here, the userwill have the option to repeat the challenge
or exit to the homepage.

Fig. 1. Homepage featuring the main menu.
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Fig. 2. Screen of the second level of the application, when selecting the option “Challenges”.

Fig. 3. Screen of the first question of the “Challenges” section, featuringmultiple choice questions
according to the level of difficulty selected.

On the other hand, if the user selects themenu “TeachingGames”, the following steps
will take place: (1) a new screen will appear in which the user can choose the educational
game theywant to play, either “Memory game”, “Quick Calculation”, “Association” (see
Fig. 4); (2) after selecting one of the three games proposed, the game begins. The rules
will depend on each educational game.

Fig. 4. Screen of the second level of the application, when selecting the option “Teaching Games”
in the main menu.

When the user selects “Memory game”, he/she can then choose the game’s difficulty
level (see Fig. 5), between easy (numbers between 1 and 8), medium (numbers between
1 and 16), and difficult (numbers between 1 and 20). Each difficulty level works by the
same principle: the user has to find the corresponding pairs of all the numbers displayed,
using memory as the main element and exercising it. Similarly, if the user selects “Quick
Calculation”, a new screen will display a sum and four possible answers (see Fig. 6).
There is a time limit of 30 s for the game, but if the user correctly hits five questions in a
row, this time will be extended. The game’s difficulty also progressively increases each
time the user hits a correct answer.
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Fig. 5. Screen displaying the memory game’s difficulty level.

Fig. 6. Example of the quick calculation game layout.

Finally, if the user selects “Association”, he /she will be asked to answer 10 problems
following the same principle: associate cardinal numbers written in numerical form to
their textual form and vice versa (see Fig. 7). Each question grants four answers, some of
which are very similar to the right answer and others are quite different. At the end, the
user submits the answers and the results obtained are displayed, as well as a motivating
qualitative rating (see Fig. 8).

Fig. 7. Example of the association game layout.

Furthermore, throughout the application theremust be a text-to-speech feature,where
the user is provided with the possibility to hover the mouse over the words and hear them
out loud.

Non-functional Requirements. The application was developed the specific non-
functional requirements that dictated its correct use: (1) it must be in Portuguese; (2) it
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Fig. 8. Final screen with the results obtained by the user.

must have a responsive design; (3) it must only containmathematical problems appropri-
ate to the target audience’s age group; and (4) it must have a simple and straightforward
language.

2.4 Experimental Design

The experiment made use of a within-participant design. The methods of data collection
used are directly related to the research methods adopted.

At the beginning and end of each test, a specific questionnaire suitable for each
age group was completed. During the test, direct observation and text annotations were
very important to register all observation data and oral comments made by the users.
Additionally, we performed interviews after the tests to better understand the users’
different attitudes and behaviors throughout interaction.

2.5 Procedures

We were given the opportunity to carry out the experiment for two hours during the
school time.As such, due to the time constraints of having to perform the experimentwith
fourteen participants during only two hours, we decided to prioritize the application’s
challenges section, instead of the teaching games. Each task was explained before the
participant initiated it. The users were asked to: (1) select the intended option on the
main menu of the application; (2) complete the corresponding tasks.

2.6 Results and Discussion

As previously explained, a final questionnaire was delivered to the participants, in order
to assess their opinion on the application. Indeed, most of the participants acknowledged
their positive feedback on the matter, saying they really enjoyed using the application.
Out of all of the participants, only two had a negative feedback on the application, as
they did not like operating it. Similarly, when asked if the interface was easy to use, one
participant reported it was not easy, two said that it was roughly easy, and the rest stated
it was easy to use.

Furthermore, when inquired about the understanding of the questions and the text in
general, only three participants had issues with the text comprehension. However, all of
the participants acknowledged that the use of the application could, indeed, help them
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with the study of mathematics if used on a regular basis. Also, only three participants
were not sure if they would use the application again in the future. Contrarily, the rest of
the students would definitely use the application again if the opportunity was provided.
Regarding completion times, students completed their challenge within 4 to 8 min total.

Post-test Analysis. After reviewing the results of the questionnaire, we can conclude
that most of the students asserted that the application would be of great help for the
study of mathematics, both inside and outside of the classroom context, regardless of
the difficulties they may have experienced in their first use of the application.

Observations During the Test. During the experiment, there were some observations
worth mentioning: most students had difficulties in realizing that it was mandatory
to click the “Next Question” button in order to move on to the next question; most
students had difficulty identifying the “submit answers” final button as mandatory for
the challenge submission; a significant number of students needed an explanation about
the exercises to be able to answer correctly. Even though the application’s text was
straightforward, the participants were not yet comfortable with the subjects.

Suggestions Provided by Students. At the end of each test, we felt it was imperative to
ask students for their suggestions, in order to improve the application. Overall, 1st, 2nd
and 4th graders said that the challenges’ questions were too difficult and thus it would
be good to have some easier queries, as the school subjects they had been taught so far
were not sufficiently comprehensive. A 3rd grader felt that the questions for his grade
should be more diversified and a 4th grader suggested that the application should allow
some calculations to be executed, in order to facilitate the reasoning for the answer. As
for the calculation game, a student suggested increasing the game time, as the 30-second
limit was too short.

Accessibility Testing. Regarding accessibility, during the development of the applica-
tion we resorted to the “Wave platform” (Web Accessibility Evaluation Tool) for testing.
It has a set of assessment tools that identify errors and warnings, in order to perfect the
accessibility for individuals with disabilities. Thus, several tests were carried out and
changes were made at the programming level, in order to rectify any errors. The last
tests performed in Wave for our application did not show any errors. “Warnings” were
presented; however, they did not alter the application’s functioning. Also, as the final
prototype had already been evaluated in the Usability Test whilst still manifesting these
warnings, we decided not to make any changes in terms of programming. They should
be, nevertheless, resolved later when continuing with our research.

Final Remarks. Taking into account all the data collected from testing the prototype,
we consider that there are some usability errors worth correcting, namely the buttons
“Next Question” and “Submit Answers”. Indeed, only one of the fourteen students auto-
matically inferred their use without any help. This problem could be solved by changing
the design of the buttons (from text to arrows), thus rendering the buttons more intuitive,
or by making sure the application automatically heads over to the following questions
after the user clicks on the correct answer. As for the remaining pages (homepage, chal-
lenge choice, etc.), all students understood their content and there were no issues using
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the buttons. Therefore, we can consider that there is no usability error in them. With
regard to colours and text, there were no negative observations reported by the students.
In fact, the students who had some sort of difficulty with the text had, in general, diffi-
culty in reading. This problemwas easily overcomewith the application’s text-to-speech
feature.

3 Conclusions and Future Work

This exploratory investigation was intended to understand if an application developed
for teaching mathematics could bring advantages to the students’ daily study. Although
it is not possible to assume the benefits of the application for children with dyscalculia,
as it was not possible to carry out a usability test in this context, we can state that the
application would be an asset in both individual or supervised study for basic education
students. Indeed, the results obtained suggest that these types of applications have a lot
of potential as a driving force in the struggle against developmental dyscalculia.

Regarding usability, although there were some problems when testing the functional
prototype, it fulfills our initial expectations. Furthermore, with minor adjustments we
could improve its usability and overcome specific issues on this subject. On the other
hand, regarding accessibility, tested using Wave, we believe that in time it would also
be possible to correct the found “warnings”, thus achieving an even more accessible
platform.

It is also important to report the suggestions and feedback provided by the school
teacher. In this case, the teacher showed great interest in the application and even consid-
ered using it during classes or for home study. She pointed out that many of the problems
encountered with regard to the questions’ difficulty stemmed from the COVID-19 obli-
gation for confinement, causing a delay in teaching the corresponding subjects during
the first 4 months of the calendar year. She explained that, perhaps, if the experiment
was performed at the end of the school year, the aforementioned problems would not be
so significant.

For futurework,we consider correcting the interface’s designproblems andperforma
new, and complete, usability test, more focused on quantitative results. Also, theCOVID-
19pandemicmaybecomemore controlled and allow for a school year completely on-site,
minimizing the problems found due to the lack of these conditions.

Indeed, this pilot case study presents preliminary perceptions that may be vital to
understanding the problems with teaching mathematics and the issues students face in
this regard. Overall, we may infer that with some changes and a future testing of the
prototype, the application would achieve a better outcome. Undeniably, the application
created could be favorable to basic education students after the suggested changes.

Acknowledgments. We thank all people who directly or indirectly helped in this study, namely
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Abstract. With big data and crowd computing in the contemporary business envi-
ronment, theminimum requirement for a business graduate to locate a job includes
the ability to work on data and delivering some meaningful preliminary results
for decision making in management. The objectives of this study are as follows:
(1) reveal students’ end-of-term self-evaluations of statistical methods they feel
comfortable in application; (2) categorize statistical models into various levels
and then link students’ end-of-term self-evaluations to understand students’ con-
fidence in statistical applications; and (3) evaluate the effects of problem-based
learning (PBL) on student outcomes for the various subjects. Three courses are
included in data generation: (1) Statistics (I) and (II), (2) Regression Analysis, and
(3) Business Forecasting. In both Regression Analysis and Business Forecasting,
PBL was applied, and term projects were required for students to practice their
analytical skills in PBL exercises and projects. Results indicated that the more
advanced the statistical courses students took, the more they perceive learning
statistics as important. Moreover, students valued the importance of using statis-
tical applications at work in the future higher if a more advanced course had been
taken. Suggestions based on findings in this study are provided for instructors to
enhance students’ analytical skills in undergraduate statistical courses.

Keywords: Analytical skills · Statistical applications · Self-evaluations

1 Introduction

Fundamental analytical skills need to be provided by instructors in statistical courses
in undergraduate business education. In conventional introductory statistical courses for
business students, analytical skills are not emphasized in course materials, and gener-
ally the layout of textbooks in sequential order includes probabilities, discounted and
continuous distributions, population parameters, point and interval estimates, hypothesis
testing, analysis of variance, regression analysis, nonparametric analysis, and business
forecasting [1]. Statistical concepts are built on theorems and formulae, and memoriza-
tion and problem-solving using hand-held calculators are the standard learning process
in introductory statistics [1].
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In evaluating students’ learning performance, instructor grading has been the most
commonly applied method. Quizzes, assignments, participation, mid-term and final
examinations are typical evaluation measures to account for students’ final grades. In
conventional teaching of statistical courses, it is understandable that students may not
be trained to deal with empirical data using business analytical skills, which could be
far reaching. However, we still do not know how wide that gap is.

With big data and crowd computing in the contemporary business environment,
the minimum requirement for a business graduate to locate a job includes the ability to
work on data and delivering somemeaningful preliminary results for decision making in
management. Conventional statistical courses are not able to equip students in fulfilling
this goal due to (1) examples in statistical courses being over-simplified to ease the
burden of teaching within a limited timeframe; (2) students not having the advantage
to handle real data without learning how to practice the basics at first; (3) solving real-
world issues using real data has not been the core objective of undergraduate statistical
courses.

Therefore, in this study we sought to make use of problem-based learning (PBL)
methods to improve student outcomes for three statistics-related courses.

2 Literature Review

There have been a number of studies on statistical education competencies/performance
and attitudes in non-specialist students for students in courses such as business and the
social sciences [2, 3]. It is believed that if students view statistics as important that it
would lead to more positive attitudes and to greater competency [4]. Often statistics
is seen by students as being too abstract and too impractical in their everyday lives
[5]. However, business and management courses presumably provide an opportunity to
demonstrate the practicality of statistical courses in theworld ofwork. The courses taught
in introductory business statistics if taught well may assist students in being competent
in future employment.

It is also useful to measure how important students see statistical courses along-
side their actual performance. Another interesting comparison is between students self-
evaluated competencies in various statistical courses and their actual reported grades.
Some research has demonstrated that students’ attitude toward statistical courses may
improve after the course [4].

Problem-Based Learning. PBL has been promoted as an effective method to improve
student performance in higher education courses, including statistics-related courses
[6–8]. PBL and associated teaching methods have grown in popularity as a result of
advances in understanding how students learn, and it seeks to make students the central
focus in learning approaches. In particular, PBL approaches tend to promote the idea
that students should be seen as actively participating in their own learning as opposed to
being passive receivers of knowledge [9]. The four principles of PBL include the follow-
ing: constructiveness, self-directedness, collaboration, and contextuality [10].Moreover,
PBL approaches seek to focus learning within appropriate social contexts: Learning is
seen as a communal activity, and teaching methods are designed in a manner that relies
on real-world experience, examples, or contexts to teach students. This often means that
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student rely on prior experience or work-related experience, making this pedagogical
approach ideal for adult learners preparing for the professional world [9].

PBL approaches, within this context, are seen as potentially effective for teaching
statistics-related courses. One on the most common complaints or issues with teaching
statistics is its abstract nature: Students often find it difficult to see the value of concepts
learned in the world of statistics and how it applies to real-word situations [11]. PBL
methods, by making use of scenarios or problems that are familiar to students, may help
improve attitudes toward statistics and help ameliorate the “unapproachableness” of
statistics [6, 7, 12]. For example, Yuliana and Firmansah demonstrated the effectiveness
of PBL in improving the students’ understanding toward statistics [13]. A number of
studies have also demonstrated the effectiveness of PBLmethods in improving students’
performance [8, 12] or perception of the importance [14] of statistics.

In this study, we examine the outcomes of PBL methods for three statistics-related
courses: namely, Statistics (I) and (II), Regression Analysis, and Business Forecasting.

2.1 Research Objectives

Based on the preceding literature review, the objectives of this study are as follows: (1)
reveal students’ end-of-term self-evaluations of statistical methods they feel comfort-
able in application; (2) categorize statistical models into various levels and then link
students’ end-of-term self-evaluations to understand students’ confidence in statistical
applications; and (3) evaluate the effects of PBL on student outcomes for the various
subjects.

3 Research Methodology

This study is in the exploratory phase of utilizing students’ end-of-term evaluations to
reveal their confidence in applying statistical methods in practice. Three courses are
included in data generation: (1) Statistics (I) and (II), (2) Regression Analysis, and (3)
Business Forecasting.

Statistics (I) and (II) are core courses required for business students. Regression
Analysis and Business Forecasting are elective courses for senior students. Statistics (I)
and (II) are prerequisites for those taking Regression Analysis and Business Forecast-
ing. Among all of these courses, Business Forecasting is the most advanced course in
statistical training before students’ graduation.

PBL was applied during the class. This included using cases and problems to teach
students how to apply statistical models in a highly practical manner to solve an issue.
In classes such as introductory statistics and regression analysis 1 h was allocated for
each session to work on PBL training, which included computer lab assignments and
other cases.

Students were asked to fill out a questionnaire in the last session before final exami-
nations. The purpose of the study was thoroughly explained to students before handing
out questionnaires. The questionnaire sought to acquire information on students’ per-
ception of the importance of learning statistics and the importance of using statistical
implications at work. A scale ranked from1 to 10was used,with 10 representing themost
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important. Furthermore, students were asked to name the statistical methods they would
feel comfortable with in application using an open-ended question. The questionnaires
were filled out after the semester of each class.

Students were asked to rate the importance of analytical skills in the workplace
on a Likert-type scale of 1–10. They were also asked to rate on a scale of 1–10 their
future competitiveness in the workplace in terms of skills such as “the ability to think
logically,” the ability to solve problems,” “analytical ability,” and so on. Students were
also asked to rate their current level of knowledge and skills in solving and understanding
statistical problems, applying statistics in practice, inspecting peers work and providing
feedback, and so on. Moreover, the questionnaire allowed students the opportunity to
rank a number of statements about the likelihood of statistics being relevant to their life
and career. The questionnaire is available upon request.

4 Results

In a class of more than 90 students, less than 5% refused to participate in the survey.
Since there were no bonus points for filling out the questionnaire, the main reason for
refusal was lack of interest in the survey. The total number of valid samples included 89
students from Statistics (I), 71 from Statistics (II), 18 from Regression Analysis, and 16
from Business Forecasting.

The PBL-based term projects used in the study are depicted in Table 1. They included
subjects such as “Impulse Purchase of Sports Shoes and Its Linkage to Purchasing
Channels,” “Influences ofWeather on Fruit Trading Prices and Quantities,” and “Factors
Influencing Popularities of YouTube Videos – Using Marvel.” As can be seen, an effort
was made to include subjects that students would typically express interest in.

Table 1. Models used in term projects in PBL

Course Term projects Models used

Regression analysis Impulse Purchase of Sports Shoes and Its
Linkage to Purchasing Channels

Multiple Regression

Factors Influencing 30-Day Commercial
Paper Rate in Secondary Financial Market in
Taiwan

Stepwise Regression
Autoregressive Model

Death Caused by Vehicle Accidents Due to
Road Conditions

Logistic Regression

Influences of Weather on Fruit Trading
Prices and Quantities

Stepwise Regression
Multiple Regression

Monthly Differences in Credit Card Charges
for Target Customers

Multiple Regression

Factors Influencing Airline Delays Using
Regression Models

Multiple Regression

(continued)
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Table 1. (continued)

Course Term projects Models used

Business forecasting Forecasting Copper Prices in International
Markets

ARIMA
Seasonal ARIMA

Hospitality Development in Taiwan Exponential Smoothing
ARIMA

Factors Influencing Vehicle Accidents in
Taichung City

Logistic Regression

Factors Influencing Birth Rate in Taiwan Stepwise Regression
Exponential Smoothing

Factors Influencing Popularities of YouTube
Videos – Using Marvel Entertainment as an
Example

Multiple Regression

Forecasting NBA Championship in Playoffs Logistic Regression

4.1 Evaluation of the Importance of Statistics-Related Subjects

In the questionnaire, students were asked to rank the importance of learning statistics
and the importance of using statistical applications at work in the future using a scale that
ranged from 1 to 10, with 10 being the most important. Results indicated that the more
advanced the statistical courses students took, the more they perceive learning statistics
as important. Moreover, students valued the importance of using statistical applications
at work in the future higher if a more advanced course, such as Business Forecasting
had been taken (Table 2). In short, there was a positive relationship between the level of
advancement in a course and the Importance of Learning Statistics and the Importance
of Using Statistical Applications at Work in the Future.

Table 2. Students’ end-of-term importance evaluation

Courses Importance of learning statistics Importance of using statistical
applications at work in the future

Statistics (I) & II 8.58 9.00

Regression analysis 8.78 9.28

Business forecasting 9.06 9.31

Note. Measured on a scale from 1 to 10, with 10 being the most important

4.2 Statistical Methods Students Feel Comfortable with in Application

Asmentioned previously, in the questionnaire, studentswere asked to name the statistical
methods they would feel comfortable with in application using open-ended questions.
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In Statistics (I) and (II), the statistical methods named by students ranged from basic to
mid-level. Analysis of variance and hypothesis testing were among the areas listed as
options for students’ responses. It should be mentioned that PBL learning methods were
not employed in Statistics (I) and (II). Therefore, it was explained to students that they
could fill out the relevant questions with the chapter/section titles for which they had a
better understanding of the materials or for which they scored higher in examinations.

In both Regression Analysis and Business Forecasting, PBL was applied, and term
projects were required for students to practice their analytical skills in PBL exercises
and projects.

Students had opportunities to practice what they had learned in applications. Hence,
statistical methods they provided as answers in the questionnaire were more specific.
Some advanced analytical models, such as Holt-Winters Method and Seasonal ARIMA,
were listed in the questionnaire as possible options (see Table 3). Table 3 reveals that
for Statistics (I) and (II), students felt comfortable with random sampling, normal dis-
tribution, binomial distribution, and confidence interval at the basic level and analysis
of variance and hypothesis testing at the mid-level. For Regression Analysis, they were
comfortable with analysis of variance, t-test, F-test, regression analysis, and stepwise
regression (Mid-level). For Business Forecasting, students indicated being comfortable
with regression analysis and stepwise regression at the mid-level and with exponential
smoothing, Holt-Winters method, ARIMA, and seasonal ARIMA at the high-level.

Table 3. Statistical Methods Students’ Feel Comfortable with in Application

Courses Statistical methods

Statistics (I) & (II) Basic Random sampling
Normal distribution
Binomial Distribution
Confidence interval

Mid-level Analysis of variance
Hypothesis testing

Regression analysis Mid-level Analysis of variance
t-Test
F-Test
Regression analysis
Stepwise regression

Business forecasting Mid-level Regression analysis
Stepwise regression

High-level Exponential smoothing
Holt-winters method
ARIMA
Seasonal ARIMA
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5 Conclusion and Implications

In this study, we sought to determine the effectiveness of PBL learning approaches on
students’ outcomes in terms of the perception of the importance of three statistics-related
courses. Students appeared to believe that the most advanced course—Forecasting in
Business—was the most important in terms of both Importance of Learning Statistics
and Importance of Using Statistical Applications at Work in the Future. However, all the
other courses had higher ratings in terms of perceived levels of importance (>8.5).

The prominence of Forecasting in Business in terms of importance may be explained
by the fact that this course is practical in the sense that it prepares students for the world
of work or for their desired professions in business. Such a course would better serve the
purposes of PBL approaches, as PBL seeks to contextualize education in the real world,
including professional contexts [9, 10]. This means that even basic introductory courses
should seek to make their content and teaching methods more relatable to students in
terms of practicality and usefulness in work.

The study had a few limitations. The study is exploratory and ongoing. Therefore,
a number of results have not been included, such as the self-evaluation of students in
terms of performance, as compared to their actual results. Furthermore, there was a
lack of a control group. A more ideal study would include an experimental control
group that experienced PBL methods and a control group that did not experience PBL
methods. Additionally, a longitudinal approach, comparing past student performance
in the absence of PBL methods versus current student performance with PBL methods
would also be useful. We plan to incorporate such approaches in the future aspects of
this ongoing study.

Research Funding. This research is supported by Ministry of Science and Technology (MOST-
110-2511-H-005-001) in Taiwan.
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Abstract. This study aimed to explore affordances and student perceptions of
mobile-assisted language learning (MALL) in familiar environments to facilitate
English as a foreign language (EFL) learning. Twenty-five undergraduate students
participated in this study. Students learned EFL in class and then they worked on
learning tasks in familiar learning environments outside of classroom.The students
used resources from learning environments such as objects, people, situations,
and scenarios to complete assigned tasks by describing them. They used a mobile
learning system installed on Tablet PCs during learning process. We explored
affordances and student perceptions of MALL in familiar environments to facil-
itate English as a foreign language (EFL) learning. The results showed that per-
sonal, specific, innovate, familiar, predictable, and meaningful were affordances
of familiar environments for EFL learning. The students had positive perceptions
of technology. Based on our results, several implications along with practical
suggestions were prepared for EFL teachers and researchers.

Keywords: MALL · Familiarity · Affordances · Perceptions

1 Introduction

Harmer [1] suggested that a balance should be kept between meaningful language input
and output in foreign language acquisition. However, in Asian regions, some scholars
pay less attention to language output but more to language input [2]. This study aimed
to address this issue by exposing language learners to equal language input and output.
That is, students received language input in class and produced language output in the
real world outside of class [3].

When students learn in the real world they are able to explore, discuss, and mean-
ingfully construct knowledge in contexts that involve real-world problems relevant to
learners [4, 5]. Such contexts are rich with resources (e.g. objects, people, situations,
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and scenarios) so that students are able to use them for learning and practice opportuni-
ties [6]. Scholars mentioned that familiarity with learning environments is beneficial for
learning [7] because familiarity helps cognitive processes, e.g. information processing
[8]. The cultural schema theory [9] explains why familiarity with learning environments
can be beneficial for learning. According to this theory, we gain knowledge from our
surroundings or environments; such knowledge would be organized and stored in our
brain as cultural schemata. After we enter the environment many times, these schemata
are constantly updated. Finally, information and experiences related to these environ-
ments are stored in our brains as background knowledge, thus, we become familiar with
the environments. In familiar environments, our experiences and existing information
(stored schemata) about the environments could become good learning inspiration and
facilitate generation of various learning ideas. More importantly, when we enter such
environments, the stored schemata can guide our behavior and we can even predict what
is going to happen next. So, we do not need to spend extra cognitive resources to deal
with information processing caused by surrounding environments such as getting to
know it or locating required resources for learning. Familiar environments help direct
our attention tomore important tasks. In familiar environments, learners will be involved
in learning more, because they can associate their daily encounters with what they learn
and make learning process more meaningful for them.

If familiar environments really help learning, then we aimed to investigate what
potential or affordances of familiar environments are to facilitate language learning.
According to Yamanobe et al. [10], affordance is defined as action possibilities offered
to a human by its environments. Bower and Sturman [11] suggested that an affordance
exists as long as the person can take the necessary actions to utilize it. Limited studies on
familiarity with contexts and their effect on language learningmay indicate that potential
of familiar environments is not being fully harnessed for educational purpose.One reason
is because educators and researchers in the field do not fully understand potentials or
affordances of familiar environments. As such, they struggle to make appropriate and
innovative use of affordances and as a result the effectiveness of teaching and learning
is compromised. Therefore, in this present study, we aimed to fill in this gap in the
literature.

Language learning in the real world can be supported by mobile learning technology
[12]. For example, learners can use technology to apply knowledge to the real world and
practice their skills [13]. Learners can create written or verbal content and share it with
peers and the instructor for further discussion and reflection using technology [14] In
this study we developed a mobile learning system to assist students’ English learning in
the real world. In order to determine whether our mobile learning system is useful for
learning and can be accepted by students, we aimed to explore their perceptions of the
mobile learning system.

The following research questions were addressed in this study: 1. What are affor-
dances of familiar environments for learning? 2. How do learners perceive the mobile
learning system?
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2 Method

Twenty-five undergraduate students from China participated in this study. The students
had more than 10 years of English as a foreign language (EFL) learning experience.
All students learned EFL in class and then outside of classroom they worked on five
learning taskswith such topics as environmentalmatters, healthy lifestyle, transportation,
dinning, and interesting place. All students were surveyed after the learning activity.

To assist students’ EFL learning, we designed a mobile learning system (Fig. 1).
The platform was installed on tablet PCs. It included the following functions: (1) digital
textbook (to provide learning material which the students learned in class and outside),
learning tasks (to provide topics, task, and instruction; the students had to complete learn-
ing tasks during the learning activity), learning map (to share location, upload created
content, and give comments; the students had to show location of learning sites on the
map where their learning content was created), online dictionary (to translate unfamiliar
vocabulary), communication tool (to support communication among students).

Fig. 1. Mobile learning system

To explore contextual affordances of familiar contexts for learning, researchers coded
created content. Two researchers discussed any confrontations until they reached a
consistent point of view. After several discussions, final codes were produced.

To explore perceptions of the system, students were surveyed at the end of the study.
We used Technology Acceptance Model (TAM) developed by Davis (1989) to guide the
design of our questionnaire. TAM is one of the most commonly used models for measur-
ing the information system acceptance [15]. The following dimensions were included in
our survey: perceived ease of the system use to investigate whether it is easy for students
to use the mobile learning system; perceived usefulness of the system to explore whether
our system is useful for students; perceived satisfaction to study students’ satisfaction
with our system; behavioral intention to use the system to investigate whether students
would like to use the mobile learning system in the future.
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Finally, to support our research findings related to two research questions ten stu-
dents were interviewed by researchers of this study. Every student was interviewed for
about twenty minutes. They were asked about their learning experiences in familiar
environments using our mobile learning system.

3 Results and Discussion

Contextual Affordances of Familiar Environment
The results are presented in Appendix A. According to the data, contextual affordances
of familiar environment included the following categories: personal specific, innovate,
familiar, predictable, and meaningful.

Personal. In terms of personal, studentswho learned in familiar environmentsweremore
inclined to describe from personal perspective. For example, most students mentioned
about their past experiences, feelings, daily observations or habits. Thus, these students
tend to write more.

Specific. As for affordance specific, students who learned in familiar environments tend
to add more specific details. Because they had previous experiences in familiar envi-
ronments, so they could elaborate more specific details in their written content. Most of
students described many specific issues which cannot be easily found at first and tried to
describe them in specific details. For example, what environmental issue bothers them
most, what are reasons for this issue and how it can be solved in that specific context.

Innovate. In terms of innovate, students who learned in familiar environments could
use their imagination and association to enrich their writing. Several of them envisioned
something that could be achieved in the future.

Familiar. Familiar included the following coding: time, location, latest news, people,
people’s routine, special provision, route, related story, history, special service, problem
duration, inner information and tradition. We found that the writing of students who
learned in familiar environments showed their familiarity with the learning site. For
example, because they were familiar with the place, so they knew the opening time and
closing time of a shop; they knew people and what people usually do in the learning
site; they knew the special service of a restaurant; they knew related story or history or
special provision or inner information of the site; they knew how long issues existed;
even more, one student mentioned about a tradition of the local place, because he/she
grew up there. So, a familiar environment provided richer learning resources and the
students tended to write more.

Predictable. As for affordance predictable, a familiar environment involves relevant
and predictable situations from students’ background as well as previous experiences
(Skehan, 1998). Students could predict what will happen because they were familiar
with the environment. So, they felt more confident and relaxed when they conducted
tasks without too much concern related to surroundings.
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Meaningful. In terms of affordance meaningful, what students wrote was relevant to
them, all scenarios, acts and items of the environment were meaningful. This could
promote their understanding and application of knowledge. For example, a student men-
tioned that she always went to school playground for a walk after finishing her classes
to relieve learning pressure and relax.

From interviewswe found two extra advantages of learning in familiar environments.
First, for the students who learned in familiar environments, it was easier to learn and
easier to participant in activities, because they did not need to spend extra time and
energy to explore the learning environment before tasks as they were familiar with
the environment. Second, the students who learned in familiar environments felt more
relaxed and confident during tasks. For example, one student even interviewed a foreigner
to get more information.

Students’ Perceptions Towards the Mobile Learning System. According to the sur-
vey results, most students highly valued the system. In general, they agreed that the
system was easy to use (M = 4.26; SD= 0.58) and useful for learning (M = 4.04, SD=
0.57). Most students were satisfied with their learning in the real world using the system
(M = 4.03, SD= 0.70), and they intend to use the system for learning in the future (M =
3.73, SD = 0.44). The students said that the learning system enabled them to check the
task instructions at anywhere and anytime. They could also check their own and peers’
content and give comments. In addition, during collaborative tasks, they often shared
their own ideas and confusions with their partners using the communication tool.

In the interview, most students said they usually first learn related vocabulary and
sentence in the “digital textbook”, and then checked the task instructions in the “learning
tasks”. Most of them thought the “online dictionary” was very useful, using which they
could look up difficult words. When they forgot how to spell some words, they could
check the dictionary. Most students were satisfied with the “learning map”. All content
created by students were shown there. Students could check their own writing and
also other students’ writing. Thus, they could find their writing deficiencies and learn
from other students. The map also helped students know where content of their peers
was created because created content was tagged on the map. Knowing locations where
content was created helped understand context of the location. Otherwise, it will not
be easy to know context and learn from it or help others to improve their own content.
Several students mentioned that sometimes they had no idea about one specific topic,
they would refer to other student’s writing on the system, then they could get good
inspiration. About the “communication tool”, most of the students said they usually
used it in collaborative tasks. Students in the same collaborative group would ask their
partners those questions: “have you finished this task?”, “where did you go on this
task?”, “I have no idea about this task, any good suggestion?”. Sometimes they said
like “your writing is so good! Help me!”, “oh, you all finished the task, I think I should
start!” Through such communication, students could urge each other to study and make
progress together.



402 R. Shadiev et al.

But several students mentioned that there are more functions needed in the system.
For example, they liked to have more learning resources on the system so that they could
look upmore information. In addition, they hoped to have the function that couldmonitor
students’ learning progress. Because the students were in a free learning environment
without too many constraints, some students were not so self-motivated and could not
be involved in learning. They usually spend much time on unrelated things.

Suggestions for Educators and Researchers in the Field. Based on the results, we
suggest that when designing learning activities outside of classroom, it is better that efl
teachers ask students to learn in places which are familiar and comfortable to them. In
this case, students will be exposed to environments with more useful learning resources
and students will know what resources are available to them and where. We suggest
that teachers need to understand potential or affordances of familiar environments for
language learning. If this goal is achieved, teachers may fully harness those potentials
for educational purpose. They need to introduce affordances to students to make their
learning more efficient. Being aware of affordances of familiar environments students
can make their content more innovative, meaningful and personal as well as to add more
specific details to describe learning resources from the learning sites. In terms of the
learning system, we suggest that the students need to have more time to get acquainted
with it and to know how to use it for learning. This will help them focus on the learn-
ing tasks during learning activity instead of studying how to operate the system. Map
function of the system was found to be useful to identify learning context and then
learn from others or give appropriate comments. Therefore, researchers and educators
may consider incorporating this function into their learning system if learning process
is going to be shared among students and it takes place outside of classroom. Learning
progress function can also be considered in future learning systems as to help students
monitor their progress on tasks.
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Appendix A

Content data coding: affordances of familiar learning environments.

Category Coding Definition Example

Personal Experience Describe daily encounters
or special memory

Before, I’ve met couples in
the library several times
who have talked wildly or
acted inappropriately, but
now I don’t have that
problem because I avoid
their usual seats and sit
with my roommate on
different side. The funny
thing is, when I sit in the
same position, I see the
same face every day even if
I don’t know her name. I
checked her books and they
are on taking the
postgraduate entrance
exam. After I see her study
so hard, she becomes a
stimulus to my daily
learning

Feeling Express personal feeling
based on personal
experience

Compared with the library,
I prefer to study in the
classroom. I am used to
studying in an environment
that is not particularly
quiet, and it is better to
have some sound, certainly
not noise. It may seem
strange, but my attention
tends to be more focus in
such environment. Just like
now, I can hear the voice of
the teacher in the next
classroom, footsteps and
birds outside the window,
which makes me feel
relaxed

(continued)
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(continued)

Category Coding Definition Example

Evaluation Express personal opinion
based on personal
experience

I often go to the second
restaurant in the school
canteen for three reasons.
Firstly, my monthly living
expenses are limited and
the dishes of the school
canteen are cheap
relatively, so I can afford
eating here. Secondly, there
are three school canteens
in our school, compared
with other two canteens, I
think the environment and
food in the second canteen
are the better than those of
the other two, most dishes
here are very delicious.
Last but not least, usually
there are relatively few
people here and it’s easy to
find the right place

Daily Observation Describe phenomenon
observed in daily life

If you arrive at the library
before 8 o ‘clock, you will
see many students open the
door in front of the library.
This phenomenon is most
common in review week.
There would be two or
three lines, one above and
one below the stairs, and
each line would be long
and spectacular enough to
show the students’ love for
learning

Daily routine Describe something they
do on a regular basis

I usually walk or run here
at night, almost every day,
because there is plenty of
time in the evening. I can
go to the dormitory to take
a bath and sleep directly
after exercise. It’s very
comfortable to do exercise
on the playground

Habit Describe something that
they are used to doing

(continued)
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(continued)

Category Coding Definition Example

Impression Describe deepest or first
impression

When I went there first
time, there was a waitress
with warm smile standing
at the door to greet guests
and invite guests to come
in. I’ve been there many
times, Every time the
waiter keeps very polite
and friendly. It gives me a
fantastic impression so I
prefer to go there for eating

Interest Describe personal interest My favorite thing is to
write code and run
programs in my computer.
It’s really interesting to see
that lines of numeric letters
can run different pictures

Specific Solution /Suggestion Put forward specific
solutions /suggestions
based on personal need or
experience

First, I need to buy some
receipt boxes and prepare
labels so that I can
organize my dormitory
more effectively. Secondly,
I’d better reduce the
frequency of cooking in the
dormitory in summer and
choose food that doesn’t
need oil for cooking.
Finally, I need to train
myself to put things back
where I get them, so that I
don’t have to tidy my
dormitory every day

Issue Put forward specific issues
which they observed in
daily life

My room’s window faces
the east, so our clothes
hanging on the bars usually
don’t get enough sunshine
to dry quickly, especially in
the winter, it takes more
than 3 days. Besides, the
bars outside the window is
not suitable to hang the
bigger sheets and quilts

(continued)
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(continued)

Category Coding Definition Example

Innovate Imagination Describe the scenario they
envision or expect to see

First of all, I think can set
up an automatic glass roof.
When it rains, the roof
closed automatically, when
sunny, will automatically
open

Familiar Time Describe the specified
time requirements, such as
opening time, closing time
etc

It opens on 7:00 a.m. and
closes on 18:30 p.m,
providing breakfast, lunch
and supper. But the canteen
will be closed from 9:00 to
11:00 in the morning and
from 2:00 to 4:00 in the
afternoon. So if you want to
have a meal here, you have
to avoid these times

Location Describe the location in
detail

It’s very convenient to eat
here because the first
canteen is close to the
graduate apartment
building

Latest news Describe recently released
messages

In fact, the library has
implemented the function
of Internet seat selection,
but many people don’t use
it. Firstly, library should
continue to promote
network seat selection and
standardize regulations.
Secondly, the library can
set up seat selection service
volunteers to supervise
students to select seats
before using them. What’s
more, the library can also
improve the function of seat
selection system. Students’
study time can be counted
according to seat selection
system, the ranking can be
published, and even
rewards can be given to in
the top rank

(continued)
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(continued)

Category Coding Definition Example

People Describe people they see
often

A lot of people exercise
here every day, not just
college students, but many
residents near college
town. Beside the
playground are the
gymnasium and the
dormitory, so many
students like running after
class and then straight
back to the dormitory

People’s Routine Describe other people’s
daily routine

First, Older people in
nearby neighborhoods
come to the playground in
the morning or at night.
They almost come
everyday, especially the
dancing women. These old
people will walk on the
playground. Secondly,
there are some middle-aged
people outside school who
often bring their children to
the playground. Because of
restricted working time,
they often come on
weekends or after work in
the evening. Finally, quite a
large group of students
come to the playground
every day and every time.
They often come in the
morning or evening. At
noon, a few student will
take a walk on the
playground

(continued)
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(continued)

Category Coding Definition Example

Special provision Describe special
requirements of one place

Our library is accessible by
swiping a student card. I
guess this is to ensure the
learning environment for
students. The library
doesn’t open until eight in
the morning, and because
the library forbit eating, so
you can always see people
standing in line at the door,
breakfast in hand, just
before eight in the morning.
Of course, students will be
more conscious, they will
eat at the door and then go
in. Some people will take
some food to go in,but the
meal is no smell, so it will
not affect others

Route Describe in detail of the
route from one place to
another place

I often go there to eat
barbecue with my friends.
Every time I go there by
walking because it is
closed to my college. after
going out, turn right then
go straight about three
minutes, turn left and cross
the road then go straight
about ten minutes, finally
take the elevator to the
third floor to get there

(continued)



Exploring Affordances and Student Perceptions of MALL 409

(continued)

Category Coding Definition Example

Related story Describe story or
information related to one
place

There was an interesting
story that a handsome
school leader named Ma
jiadong, is good at playing
football very much and has
football skills. It is said
that he represented our
college to attend provincial
football match and won the
great prize. Besides, he
majored in Mathematics
rather than a sports
student. Thus it can be seen
that he is fond of playing
football and it is pity that I
have no chance to meet him

History Describe in detail of the
history of one place

The Library of Nanjing
Normal University was set
up in 1952 on the basis of
the former library of
Jinling Women’s College of
Arts and Sciences, and
collected the collection and
publications of the former
Nanjing Normal University
and Jinling University.
After more than half a
century of development, it
has become a large
comprehensive academic
library

Special service Describe the special
service for specific people
in specific time

Every Friday, Saturday,
Sunday evening after 9
o’clock, the bar will give
each table a dozen beer
free of charge, so it is also
a very affordable place for
consumption

(continued)
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(continued)

Category Coding Definition Example

Problem duration Describe the problem
duration they observed

The facility problems are
the most serious problems
on the playground, such as
broken plastic runway and
dirty seats in the
auditorium. Since I entered
school in the fall of 2018,
the playground has been
like this. Maybe the
problems is old question,
for Suiyuan is an old
campus with a long history

Inner information Describe in detail of the
inner information of one
place. For example, what
type of books are available
in a library and how are
they displayed

Suiyuan Library mainly
provides the required
Chinese and foreign books
and magazines for
undergraduates,
postgraduates and
teachers. Its collection
focuses on literature and
history, including ancient
books, reference books,
samples, documents and
Dissertations of the
Master’s degree

Tradition Describe special tradition
of one place

In my hometown, no one is
unfamiliar with Jiuhua
Mountain. Our traditional
custom is to go to Mount
Jiuhua on the second day
of the year to worship, in
order to bless the year’s
peace, smoothness and
benefit

Predictable Regular scenarios Predict what will happen
generally

Besides, as there are nearly
10 school buses running
within 12 a.m. and 14 p.m.,
the great noise will appear
every ten or fifteen minutes
and I can hardly have a
nap during lunch time

Consequences Predict possible good/bad
consequences

(continued)
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(continued)

Category Coding Definition Example

Meaningful Happy/relax/relieve
pressure

Describe daily scenarios
that could make them
happy or relax or relieve
pressure

There was a time when I
was under great academic
pressure. Faced with all
kinds of difficulties, I feel
unable to calm down. So I
began to come to the
playground. Walking when
it rained, and running when
it didn’t rain. In this way,
after a period of time, I feel
much better. Academic
pressures are also
gradually diminishing. The
playground is such a place
where you can lie down,
run, and, more importantly,
see more people who are
positive about life

trigger thinking Describe daily scenarios
that could trigger thinking

I can observe many small
details of parent-child
interaction through
walking, which will trigger
my professional thinking

Relieve physical
discomfort

Describe daily scenarios
that could relieve physical
discomfort

For me, I always prefer to
take a walk around the
playground, as I
mentioned, doing so to help
relieve my digestion
problem and also enjoy
myself
Usually, when I’m not
feeling good of my
stomach, I choose to take a
walk on the playground,
and after walking for about
half an hour I always feel
better
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Abstract. This study was aimed to designing and developing the Smart Coding
Creative Kit to enhance Creative Problem Solving Thinking for Children. This
study was aimed to 1) to study the Creative Problem Solving Thinking of children
using the Smart Coding Creative Kit, 2) to study relationships between Creative
Problem Solving Thinking and learner’s achievement of children using the Smart
Coding Creative Kit and 3) study learner’s attitudes learning with Smart Coding
CreativeKit. The developmental research (phase I)was employed in this study.The
procedureswere as following: 1) design process 2) development process 3) evalua-
tion process. The target group is students studying inGrade 1, 2 and 3 inKhonkaen
Primary Educational Service Area Office 25, consisting of 2 schools (Khon Kaen
University Demonstration Elementary School (Modindang) and Bannonmuang
School) and Nakhon Phanom Primary Educational Service Area Office 1, consist-
ing of 2 schools (Anubannakaepadungratchakitcharoen School and Bannongbor
School). The result revealed that: 1) TheCreative ProblemSolving Thinking of the
children was found that the creative problem-solving of children (N = 257) was at
a 100% better overall. When analyzed individually, it was found that the concept
Accounted for 100%. Accounted for 98.75%. Problem analysis Accounted for
77.50%, and creating a variety of options Accounting for 74.59%, respectively.
2) The learning achievement was significantly and positively related to Creative
Problem Solving Thinking a very high level of positive correlation. 3) The learn-
ers’ attitude of leaners towards learning with the Smart Coding Creative Kit was
at the highest level (X = 4.33, S.D. = 0.88).

Keywords: Board game · Creative problem solving thinking · Children

1 Introduction

Learners development in the 21th century is totally different from the previous centuries
due to the changes in such ways especially in technology that has been rapidly growing
which affects the management of education to be changed from tradition paradigm to
a new paradigm. It emphasizes on the learners as the center of learning by developing
learners to realize the process of creating knowledge on their own. Based on complicated

© Springer Nature Switzerland AG 2021
Y.-M. Huang et al. (Eds.): ICITL 2021, LNCS 13117, pp. 413–421, 2021.
https://doi.org/10.1007/978-3-030-91540-7_42

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-91540-7_42&domain=pdf
https://doi.org/10.1007/978-3-030-91540-7_42


414 P. Vongtathum et al.

problems from world change, which is an innovative world that focuses on creativity,
novelty, and unique. Therefore, the world of education has changed quite a lot over
the past few years. Education that is recognized as creating knowledge, abilities, and
developing of human’s potential is the education that focuses on the learners as the
center of learning. It means that giving every learners chance to know, and gain both
knowledge and experience and develop each learner’s potential as much as possible
without restrictions in intellectual level, and ability to perceive, etc. It is also hoped
that learners are able to learn without time and place restrictions. Another important
thing is that it gives learners chances to think analytically and synthetically to solve
problems in all levels [6]. Thus, thinking skills should be developed for learners in the
21st century who will face many complex situations combined with the exponential
growth of technology. Lastly, the target of today’s education is to enable learners to
creatively solve problems with the effectively use of technology.

According to framework of learning skills in 21st century, it shows that learning and
innovation skills have to do something with the learners. These abilities are necessary to
prepare learners for the work in real life in order to be good problem solvers especially in
21st century which the problems are more complex in every way than the previous eras
[7]. Basic important abilities that teachers must develop to prepare the learners to handle
these situations are creative thinking, innovative thinking, critical thinking and problem
solving thinking, communication and collaboration. As seen that the thinking skill is the
most common for learning in 21st century. And important thought for learning in the
21st century are critical thinking, creative thinking, and problem solving thinking [7].

However, the assessment results of the Office of Educational Standards and Quality
Assessment (ONESQA) shows that the analytical thinking process of Thai children is
mostly at fair level, and this is a big difference compared to the other countries. Because
the PISA’s assessment of knowledge and scientific ability appears that Thai children
obtained score below than average which affects their education and life quality.

In the era of technology and innovation, one of the important course is computational
science course for learners in elementary school. If the teaching method aims to promote
problem solving through algorithmdesignwhich is the basic for computer programming,
this will lead to the advanced thinking process of learners. And from the development
of Piaget’s theory of intelligence, the design of learning will be developed according
to the intellectual development of learners through playing board game that focuses on
designing to be resemble to the learner’s context promoting problem solving based on
the design of algorithm which is related to the teaching of computer programming in
the United States in term of “Unplug”. It is a teaching method that focuses on problem
solving without using computer, even though video games are beingmore andmore used
in learning development nowadays. Because videos games are designed not only for
entertainment but also for developing the learning about what the video games designer
need the players to learn. Video games help players to straightly gain experience and
encourage learning by action, it also helps create a collaborative learning environment
through interaction while playing [4] and an educational board game for learning that
attempts to improve students’ creative problem solving (CPS) skills [1]. Although, video
games are mostly designed to be online in the present but the adoption of traditional
games such as board games for the knowledge development on a particular subject is
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still very popular. This is all because that board games bring chance to the interaction
between players and eliminate the problem of the internet access in some area [2].
In addition, the basics of elementary school children who just have just passed their
childhood, their basics of using of technology may not be as proficient as it should
be. Learning through board games is very necessary at this age and also the process
of design checking of the learner’s problem solving, with the help of virtual reality
simulation (VR), it will potentially bring learner’s attention. Virtual reality simulation is
the development the technology which is combined between reality and virtual reality
together through software and hardware such as webcam, or another related hardware
which the virtual image will be displayed on the monitor, phone screen, projector, or
even on other display devices. The virtual image that appears will interact with the users
immediately both in the form of both 3D image and animation, or evenmedia with sound
effects. This depends on how the media is designed to be in order to entertain, and attract
people. The research appreciates the importance of the innovation development by using
computer technology to explicate the process of learning management that focuses on
thinking process and the design on the basics of Piaget’s theory of intelligence which
supports the learners to create knowledge on their own through a small group process,
and expand the knowledge through a large group process in class with the teachers.
The teachers will change the teaching method from using simple lectures and slides in
teaching to using board games instead, which focuses on the problem solving thinking of
learners. And this gives learners a chance to make a process of problem solving thinking
to meet the potential of each learner. Moreover, the current state of teaching and learning
in the primary school level aims to the core subjects which are science, mathematics,
and languages. By content, these subjects all focuses on advance thinking ability, so that
the development of problem solving thinking will not be quite useful in only computer
course. In the other hand, it can be the basis for the development of learning in core
courses as well.

2 Research Objectives

• To study the creative problem-solving thinking of students who learnedwith the Smart
Coding Creative Kit.

• To study the correlation of creative problem-solving thinking and learning achieve-
ment of students who learned with the Smart Coding Creative Kit.

• To study the satisfaction of students who learned with the Smart Coding Creative Kit.

3 Research Scopes

3.1 Target Groups

The 257 students were selected by Purposive sampling who studying in grades 1, 2 and
3 of 2 primary schools in Khon Kaen Primary Education Service Area Office 25 as
Khon Kaen University Demonstration Elementary School (Modindang) and Baan Non
Mueang school; and 2 primary schools in Nakhon Phanom Primary Education Service
AreaOffice 1which are AnubanNakae Phadungratchakitcharoen school and BaanNong
Bo school.
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3.2 Research Design

Developmental Research Type I [5] was employed. This research type emphasizes on
designing and developing with 3 stages as Design process, Development process, and
Evaluation process. In according to this, this study was conducted during research phase
3 to study the results of Smart Coding Creative Kit to enhance creative problem-solving
thinking for children. The stakeholder in this phase comprised researchers, teacher, and
learners.

3.3 Research Tools

• Evaluation form of creative problem-solving thinking. Based on the researcher syn-
thesized creative problem- solving framework for algorithm design [8], it was con-
structed in a form of a subjective test used to measure problem-solving thinking of
post-learning with the Smart Coding Creative Kit board game. There are 4 stages
of creative problem- solving as 1) Analyze problem 2) Generate creative ideas 3)
Prepare: choose concepts and prepare and 4) Review the algorithm.

• Learning achievement test. It was formed as an objective test that used to exam-
ine elementary students’ learning achievement in the topic of problem solving and
algorithm.

• Evaluation form of students’ satisfaction. The 5-rating scale form was to evaluate
their satisfaction toward Smart Coding Creative Kit board game in the following 3
domains as board game design, board game play process, and students’ knowledge.

4 Data Collection

• After improved the quality of Smart Coding Creative Kit to enhance creative problem
solving thinking for children, it was thus used with the 257 grade 1–3 students in all
4 subject schools.

• Each 3 members were then randomly grouped in each group and allowed them to play
the board game in total 15 task levels starting from level 1–15 respectively.

• In the next process, evaluation form of creative problem-solving thinking, learn-
ing achievement test, and evaluation form of students’ satisfaction were assigned
to students after they have learned with Smart Coding Creative Kit board game.

5 Data Analyses

• The evaluation form of creative problem-solving thinking was used to evaluate the
performance of creative problem solving thinking of the students who learnedwith the
Creative Problem Solving Thinking to Enhance Creative Problem Solving Thinking
for Children. The statistics used to analyze the data was percentage.

• The correlation of creative problem solving thinking and students’ learning achieve-
ment using Smart Coding Creative Kit was measured by Spearman Rank Correlation
Coefficient and Pearson Correlation Coefficient methods.

• Students’ satisfaction toward Smart Coding Creative Kit learning was post- learning
evaluated by evaluation form of students’ satisfaction based on basic statistics as
average (X ) and standard deviation (S.D.).
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6 Results

6.1 To Study the Creative Problem-Solving Thinking of Students

The study results were from creative problem-solving thinking of 257 elementary stu-
dents from 4 schools who learning with Smart Coding Creative Kit. The 3 group mem-
bers implemented the experimenting by playing with 15 levels of board games through
a group process. After that, their creative problem-solving process was studied by using
the developed subjective evaluation form based on researcher’s synthesized creative
problem solving framework [8]. The statistic used to analyze data was percentage as
shown on Table 1.

Table 1. Overall analysis results of creative problem solving of students learning with smart
coding creative kit.

Creative problem solving

Criteria Problem
analysis

Generating of
creative ideas

Preparing Reviewing of
algorithm

Sum

Student
(n)

% Student
(n)

% Student
(n)

% Student
(n)

% Student
(n)

%

Excellent 98 40.84 105 43.75 221 92.09 256 99.58 156 62.08

Good 88 36.67 74 30.84 16 6.67 1 0.42 97 36.25

Pass 54 22.50 61 25.27 3 1.25 0 0.00 4 1.67

Failed 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Good
level and
above

186 77.50 179 74.59 237 98.75 257 100 257 100

The results from Table 1 shows the students’ creative problem solving that is in good
level and above or overall as 100% of 257 students (N = 257). In according to the results
of each stage as Reviewing of Algorithm, Preparing, Problem Analysis, and Generating
of Creative Ideas show 100%, 98.75%, 77.50%, and 74.59% respectively.

Pass the 60 percentage No pass  

Fig. 1. Results of 4 stages of creative problem solving of students learning with smart coding
creative kit.
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From the data in Fig. 1 that shows of creative problem solving of 257 students
learning with the Smart Coding Creative Kit by the learning achievement test, it was
found that 97.15% or 247 students of them got 12 out of 20 scores. This indicates that
the average of the students achieved the required 60%.

The study results of the creative problem solving of students in all 4 schools (I =
257), it revealed their efficiency in Review the algorithm, Preparing, Problem Analysis,
and Generating Creative Ideas as 100%, 98.75%, 77.50%, and 74.59% respectively, as
shown in Fig. 2.

Fig. 2. Results of 4 stages of creative problem solving of students learning with smart coding
creative kit

6.2 To Study the Correlation of Creative Problem-Solving Thinking and Learning
Achievement of Students

The study results of the correlation of creative problem-solving thinking and student
learning achievement learning with the Smart Coding Creative Kit innovations in over-
all showed a high positive correlation (0.71). In addition, the correlation of Khon Kaen
University Demonstration Elementary School (Modindang) a high level of positive cor-
relation (r = 0.66), Baan Non Muang School had a moderate positive correlation (r =
0.59), Anuban Nakae Phadungratchakitcharoen school had a moderate positive correla-
tion (r = 0.60), and Baan Nong Bo School had a moderately positive correlation (r =
0.55) (Table 2).

6.3 To Study the Satisfaction of Students

The satisfaction of the students learning with Smart Coding Creative Kit to Enhance
Creative Problem-Solving Thinking for Children in overall 4 schools, it was found that
at a high level (X = 4.33, S.D.= 0.88). In terms of board game design, the students had
the highest satisfaction at a high level (X = 4.46, S.D. = 0.78), followed by the process
of game playing at a high level (X = 4.30, S.D. = 0.90) and the knowledge gained at a
high level (X = 4.27, S.D. = 0.92) (Table 3).
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Table 2. Results of the correlation analysis of learning achievement to creative problem-solving
thinking of target groups by Pearson Correlation coefficient

Group Correlation

Khon Kaen University Demonstration Elementary School
(Modindang)

Person Correlation 0.66**

Sig. (2-tailed) 0.00

Baan Non Muang School Person Correlation 0.59**

Sig. (2-tailed) 0.00

Anuban Nakae Phadungratchakitcharoen school Person Correlation 0.60**

Sig. (2-tailed) 0.00

Baan Nong Bo School Person Correlation 0.55**

Sig. (2-tailed) 0.00
** Statistical significance level of .01

Table 3. Satisfaction results of the students learning with smart coding creative kit to enhance
creative problem-solving thinking for children

Evaluation item X S.D. Quality level

1. Board Game Design 4.46 0.78 High

2. Process of Game Playing 4.30 0.90 High

3. Knowledge Gained 4.27 0.92 High

Total average 4.33 0.88 High

7 Discussion

The results of the study of creative problem-solving thinking of the students who learned
with the Smart Coding Creative Kit was in good level and above (100%), the correlation
of creative problem-solving thinking and student learning achievement learning with
the Smart Coding Creative Kit innovations in overall showed a high positive correlation
(0.71) which consistent with Waraporn and Kantaphon [8] who studied board game
behavior and affected factor elements among adolescents in Bangkok. The study found
that the board games can enhance thinking process as creative thinking, better problem
solving, have more concentration on studying in terms of emotions and feelings. It
furthermore makes students have fun and feel relaxed from stress which hence control
emotions better.

It is also consistent with study results of Elizabeth N. Treher [3] on Learning with
Board Game: Play for Performance that board games is beneficial to education and
learning. This can be even more valuable if the board games are properly designed
for learning. In conclusion, the Smart Coding Creative Kit board game is a learning
material that is analyzed and designed in according with the context of learners and
constructivist theory as the basis for design. integrated with the framework design that
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mainly emphasizes on creative problem solving. As a result, learning with this board
game can enhance creative problem solving thinking and resulted in a significantly higher
learner’s achievement.

8 Recommendations for Further Research

The findings of the target group that relates 10 students with special needs or learning
disabilities, they are rather quiet and keep observing, rarely provide opinions due to
their behaviors that slow to learn and take more time to play than general students. To
solve this problem, the teacher should regularly give guidelines and might bring them to
explain the rules in advance to prepare themor to increase their confidence.Alternatively,
teachers may separate groups to play. If they refuse to join the group, they can be allowed
to play alone.

9 Discussion

The results of the evaluation of the Smart Coding Creative Kit by experts found that
overall opinion was at the highest level (X = 4.50, S.D. = 0.58) which the efficiency
evaluation result of AR Board Game was at the highest level as well. This is consistent
with the research of Eiamwilai [2] who developed board games based on principles of
critical thinking which its quality evaluation results of the games by experts were at
high level. Consequently, the board game was designed in accordance with Tinsman
[8] principles that makes a quality and attractive board game in terms of playing time,
player’s alternatives, balanced rules and regulations, etc.
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Abstract. The purposes of this researchwere: 1) To study the process of problem-
solvingwith a complex structure of learners using the learning environmentmodel.
2) To study the EEG and the position of the learners while performing the problem-
solving task. TheModel Research Phase II: model validation was employed in this
research. The sample for phase II: external validation were 30 diploma students
of Rajamangala University of Technology Isan, Khon Kaen campus. 2.The results
of the comparison of solving problems between before and after learning with the
model revealed thatBefore learning, students cannot solve the problembyusing ill-
structured problem solving process. After learning, students can solve the problem
by using ill-structure problem-solving process as follow: 1) Articulate problem
space 2) Identify and clarify problem 3) Generate possible problem solutions 4)
Assess and select alternative solutions 5) Monitor the problem space and solution
options 6) Implement and monitor the solution and 7) adapt the solution and
the problem solving after was significantly higher than before at 0.05 level. The
learners’ Bain electric wave as perform ill-structured problem solving task in
laboratory revealed that while learner performed ill-structured problem solving
task found Alpha (7–13 Hz) in all area such that AF3, AF4, F3, F4, F7, F8. This
result may believe that the learner had cognitive process, problem solving.

Keywords: Ill- structures problems solving · Learning environment model ·
Bain electric wave

1 Introduction

Due to the change of technology and information technology, information has continu-
ously and rapidly increased. Such changes have resulted in a shift in cultural, economic,
social, and political problems. The problem to be more intense and ill- structures prob-
lems in life and that arise in the operation, especially in the electrical and electronic
professions in the design and installation of electrical systems, which are complex of
subject matter and the impact of design and installation, there will be a nature of impact
problems, for example, if the design is incorrect and the equipment is used may cause
damage such as a short circuit, fire. Cause damage to life, property. There must be
problem-solving skills in operation. It is necessary to promote skills in seeking knowl-
edge. Solving problems to solve problems for efficiency and safety. From the above
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reasons, the researcher is aware of the importance of learning design and management
that focuses on providing learners with skills to seek knowledge and construct knowl-
edge to solve ill structure problems in electrical and electronic work, Therefore, to be
able to create knowledge to keep up with changes information and can apply knowledge
to solve problems effectively create safety in life and property, as well as apply previous
knowledge and experience to solve problems in the future.

2 Research Purpose

1. To study the process of problem-solving with a complex structure of learners using
the learning environment model.

2. To study the EEG and the position of the learners while performing the problem-
solving task.

3 Research Methodology

This research uses the Model Research in Phase 2, Model Validation.

4 Research Instruments

1. The learning environment Constructivism that promotes problem-solving and
learning transfer with improvements in the study, Phase 1, model development

2. The problem-solving measure used for studying problem-solving of learners Built
base on Jonassen (1997) and the content of home electrical installations. There are
5 which are: 1) A measure to solve the problem of a problem situation of installing
electrical equipment in the house 2) A measure to solve the problem of a problem
situation of choosing the electric wire by calculation. 3) Ameasure to solve the prob-
lem of a problem situation of choosing the protective equipment with calculations
4) A measure to solve the problem of a problem situation choosing the electricity
meter with calculations 5) A measure to solve the problem of a problem situation of
the electrical equipment connection

3. The problem-solving interview used for studying the problem-solving of learners is
built base on Jonassen (1997)

4. Emotive EPOC+ consists of 14 probe connectors arranged by International 10–20
or International 10–20 Systems standards: AF3, AF4, F3, F4, F7, F8, FC5, FC6, P7,
P8, T7, T8, O1, O2

5 Data Collection

The learning environment Constructivism promotes problem-solving and learning trans-
fer with improvements in the study, Phase 1model development to manage learning with
learners to study the effects of using the model by studying Problem-solving process
before and after learning, study methods as follows (Fig. 1).
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Fig. 1. A data collection process

6 Result

6.1 Result of Comparison of the Students’ Problem Solving from the Interview

The students’ problem-solving before and after learning was different. The learners have
a three-step problem-solving process: Step 1: Finding the Problem, Step 2:Finding the
Cause of the Problem, and Step 3: Solving the Problem. And after learning, it was found
that the students used the problem-solving process in order of complex problem-solving
processes in 7 steps as follows: 1) Articulate problem space 2) Identify and clarify
problem 3) Creating a solution. Step 4) Assess and select alternative solutions Step 5
identifying gaps in problems and solutions) Monitor the problem space and solution
options 6) Implement and monitor the solution and 7) adapt the solution as the following
details.

Problem-solving of learners before learning, it found that students did not have
complex problem-solving processes, according to Jonassen’s problem-solving process
(1997), but the students had a3 stepproblem-solvingprocess. Step1Finding the problem,
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the students can found the problem by looking the problem by the electrical appliances
or the result of the electric pan not working, smelly meat Fridge not cold, the light bulb.
Step 2 Identify the cause of the problem. Learners can find the cause by analyzing the
results of electrical appliances. What can be the cause? what is involved? and then check
for any reason for example, the result of the problem of the electric pan not working
Related things include: Electrical wires to be connected and plugs and the body of the
electric pan. The students checked by trying to connect the pan to a plug outside the
house. If normal, check whether the wires are broken or the size of the wires is too
small by calculating the electricity consumption of electrical appliances and comparing
them with the size of the wires that are suitable or not. If the wires are normal, check
the plug using a multimeter to test if the voltage is normal. Step 3 Problem Solving
Learners can solve problems by applying the solutions from previous experiences or try
the methods that have been used to solve problems such as the problem of the electric
pan not working, the cause of the problem is that the electric wire is small. Learners
solved the problem by changing the wires to a larger size.

Problem-solving with ill structures of learners after class, that the students had a ill
structure problem-solving process in 7 steps:

Step 1: Articulate problem space, Learners can identify gaps in problems is specified
The current problem condition, the refrigerator does not work, the meat smells, the
water is not cold. The light in the room is less bright than usual, the lamp flashes when
several appliances are turned on at the same time. The electrical cable connected to the
plug generates smoke. The electric pan connected to the plug does not work. The desired
condition after troubleshooting, the refrigerator is working, odorless meat, chilled water,
normal room lighting, the lamp does not flash when several electrical appliances turn on
at the same time, the electrical cable connected to the plug does not produce smoke, the
electric pan works normally and the limitation to solve the problem is that there is only
1 day to install appliances and electrical equipment and the budget is limited to only
1,500 baht.

Step 2: Identifying the Real Problem, Learners can identify real and pseudo-problems.
The real problems learners identified from the goals of the stakeholders were: 1) Chan-
chai’s sister, whose goal is to make Chanchai’s home appliances is work normal. 2)
Chanchai wants the electrical appliances to work, such as refrigerators, light bulbs, elec-
tric pans, and water heaters. Electrical appliances can works when enabled at the same
time. and 3) Technicians want to install electrical equipment and electrical appliances
successfully and work within the specified time and budget. The goals of stakeholders
were common, electrical appliances to work. Therefore, the students Identify Electrical
appliances malfunction. It’s a real problem.

Step 3: Identify and clarify problem, Learners can create solutions that could reduce
or alleviate the root cause by analyzing the cause of problems that cause electrical
malfunctions. which is caused by The electrical cable is small, not suitable for electrical
appliances. and create a solution to the problem that makes the electric wire to be the
right size for electrical appliances. There are 3 ways: 1) Replace every new electrical
wire 2) Change some new electrical wires, only the wires connected to the plug for the
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refrigerator coffeemachine electric pan and in case of other types of electrical appliances
and 3) change new electrical appliances to suit the old electrical wires.

Step 4: Assess and select alternative solutions, Learners can assess alternatives and
choose solutions, assessing and choosing a solution from the problem constraint sush as
the cost and time and then choose the most feasible solution. The students evaluate the
approach to problem-solving from the following limitations. 1) Time constraints The
quickest way is to replace appliances with new ones. The second is replacing some new
electricalwires and the slowest is changing all the newelectricalwires. 2)Cost Limitation
The cheapest way is to Change some new electrical wires, followed by replacing all new
electrical wires and the costliest way is to replace the new electrical appliances to suit
the old electrical wires. When considering time and cost constraints, learners evaluate
the solution of replacing electrical wires as the most feasible solution. Because it doesn’t
takemuch time and the price is not highwithin the time limit and the price set. Therefore,
learners choose a solution to the problem. Remove the old power cable and replace some
of the power cables in the next solution.

Step 5: Monitor the problem space and solution options, Students will be able to identify
gaps in problems and solutions by examining the solution of removing the old wires
and replacing some new electrical wires only those that are connected to electrical
appliances that use a lot of electricity to be larger can solve the current problem is
electrical malfunctions. Because the electric cable is small, it is not suitable for electrical
appliances. to the desired condition is that the electrical appliances can work within the
limitation of problem-solving, which is limited to 1-day installation time and budget
is only 1500 baht and learners formulate strategies for solving problems: 1) Strategies
for purchasing electrical equipment are made by contacting multiple stores to compare
prices. Promotion and check the model of wires and plugs including rails for wiring.
Then consider the store with the lowest prices at The distance that must be purchased to
the nearest because it reduces the cost and travel time. to reduce constraints in solving
budget problems 2) Wiring strategy by students choosing in-wall wiring in order to
reduce the time constraints and for the aesthetics of wiring instead of clip-on and wall-
mounted wiring and to be able to improve and repair Therefore, the chosen solution is
within the budget and time specified within 1 day and within the budget of 1500 baht.

Step 6: Implement and monitor the solution, The Learners can apply a problem-solving
approach, remove the old wires and change some new electrical, which students will
start by purchasing electrical equipment according to the calculation and buy it for a
price of not more than 1,500 baht. The Learner checks prices, promotions, and distances
frommany stores.When receive electrical equipment and remove the original equipment
first then bring the new device to install in place of the original location but change the
wiring from a clip to a walk in the rails on the wall which makes wiring faster. The
power socket is floating on the wall instead of the original. it makes it possible to control
the installation time not to exceed 1 day and found that learners were able to reflect the
results of solving problems. The students indicated that they could buy the sky equipment
in a budget of not more than 1500 because of the survey of both prices. Promotion and
distance of the shop that sells and choose the shop that sells the cheapest and closest
This makes it possible to buy sky equipment at a price that is within the specified budget.
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Installing electrical equipment and appliances takes less than a day because choosing
the equipment from the nearest store gives you more time to install and choose a way to
install the cable in the rail. Floating wall socketMakes it work fast, so it can install within
1 day. Electrical appliances can work because the electrical equipment to be connected
has the appropriate size, which calculates and the quality is according to TIS standards.
The homeowner is satisfied with the installation and pays the specified wage because
the electrical appliances are working and the electrical wiring on the rails. Make the
connection beautiful and safe.

Step 7: adapt the solution, Learners can adjust the approach for solving the problem by
adjusting the way from removing the old wires and replacing some new electrical wires
to removing all the old wires and replacing all new electrical wires. when found that after
replacing some new electrical wires, there are still malfunctioning electrical appliances.
And to make the solution effective under the limitations of solving problems, students
change the way of connecting wires by changing from walking in rails to clipping on
the wall because it is cheaper than walking in rails. (Compensation for the purchase of
additional electrical equipment to stay within the specified budget) and the distance of
the clip will be beaten further to reduce the wiring time but still, maintain strength and
beautiful prayer.

6.2 Result of Comparison of the Students’ Problem Solving from the Problem
Solving Measure

Before and after the class the students took a problem-solving measure, after which
the scores of both were taken to find the mean and standard deviation. The hypothesis
was tested by comparing the mean scores of problem-solving between before and after
school with t-test dependent statistics. Comparative results are shown in Table 1.

Table 1. Comparison of average problem-solving scores between before and after

Problem solving n x S.D t df sig

Pre-test 30 7.86 1.59 −32.91 29 .000

Post-test 30 15.96 1.44

From the table in the study of problem-solving of learners from the problem-solving
measure, the results showed that the students’ problem-solving scores averaged higher
after studying than before. (before= 7.86 and after= 15.96) at the statistical significance
level of .05 showed that the learning environment model promote problem-solving of
learners.

EEG and the location while Learners perform complex problem-solving tasks in
the laboratory while taking EEG measurements as perform problem-solving tasks. The
results showed that Delta (1–4 Hz), Theta (4–7 Hz), Alpha (7–13 Hz), and Beta (13–
30 Hz) wavelengths were present at all measurement locations: AF3, AF4, F3, F4. F7
and F8, which are the waves that correspond to problem-solving.
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7 Discuss

The students’ problem-solving before and after learning was different. The learners
have a three-step problem-solving process: Step 1: Finding the Problem, Step 2: Finding
the Cause of the Problem, and Step 3: Solving the Problem. And after learning, it was
found that the students used the problem-solving process in order of complex problem-
solving processes in 7 steps as follows: Step 1: Identifying gaps in the problem Step 2:
Identifying the real problem Step 2: Creating a solution. Step 4: Evaluating alternatives
and choosing a solution, Step 5 identifying gaps in problems and solutions, Step 6
implementing the solution, and Step 7 adjusting the solution as the following Step 1:
Identifying the gaps in the problem, the students were able to identify the gaps in the
problem by can identify the current problem situation, the after the problem is solved,
and the problem constraint. Step 2: Identifying Real Problems, that learners can identify
real problems from stakeholder’s goal. Step 3 Creating a solution to the problem, that
students can create solutions to problems. The students have a process of creating a
solution to the problem by analyzing the cause of the problem. and create solutions
to reduce or mitigate the root cause of the problem. Step 4: Assessing alternatives and
choosing a solution to the problem, learners can assess alternatives and choose a solution
by asses the problem constrain and choose the most feasible solution. Step 5, Problem
Solving Problems and Ways to Solve Problems, the learners can direct the gaps in
the problems. and directing alternative solutions by identifying strategies that can be
used for the solution. Step 6 Implementing the problem-solving approach, the students
were able to apply the problem-solvingapproach and reflect the results of applying
the approach. Step 7: Adjusting theproblem-solving approach, the learners can adjust
the problem-solving approach if the problem was not solved. The comparison of the
students’ problem solving between before and after learning with the model. Obtained
from the problem-solving scale, it was found that problem-solving after school was
significantly higher than before school at the 0.05 level, consistent with the study of
Sumalee et al. (2020), Charuni et al. (2019), Pinyarat Singha and Sumalee Chaicharoen
(2019), Seksan Yampinit (2011), Suchart Wattanachai (2010), Chia and Chang et al.
(2017), HaeRan and Yeoungsuk (2016), Connie and Charlene (2006) studied complex
problem-solving base on complex problem solving (Jonassen 1997). Learners have a
complex problem-solving process adapted from (Jonassen 1997) because learners are
encouragedby the taskof learning through situational intelligence. Start from the analysis
of the gap in the problem. Identify the real problem Then create all possible solutions.
and evaluating alternatives and choosing a solution. Addressing gaps in problems and
solutions Implement a problem-solving approach and adjust the approach to problem-
solving. In addition to promoting problem-solving processes through learning missions,
Students also practice problem-solving with complex structures through the Problem
SolvingCenter. which allows learners to practice the problem-solving process by solving
each step by dragging the text or typing in the answers that can be checked. The fact that
students have complex problem-solving processes may be a result of learning through
the learning environment. created by the researcher.
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8 Suggestion

1. Should be studied the relationship of complex problem solving with other advanced
thinking.

2. Should be studied the brain areas involved in other advanced thinking
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Abstract. The purpose of this research was the development of internet of
things learning kit to enhancing programming skills for high school students. The
research methodology is pre-experimental design. The research participants con-
sisted of 9 experts in 3 domains – 3 experts in content in computer programming
content, 3 experts in learning media designer, 3 experts in designing constructivist
learning environments, and 68 students in high school of Demonstration School
of Khon Kaen University Secondary School. The research instruments are the
expert review recording for examining the quality in 3 domains as follows: learn-
ing contents, learning media, and instructional design and the questionnaire form
to studying learner’s preference learning experience about the internet of things
learning kit to enhancing programming skills. The results revealed that: The inter-
net of things learning kit to enhancing programming skills for high school students
were 8 elements as follows: 1) Problem base, 2) Resource, 3) Cognitive tools, 4)
Collaboration, 5) Programming Problem Solving Center, 6) Scaffolding, 7) Pro-
grammerCommunity, and 8) ProgrammingCoachingRoom.The result of experts’
reviews the efficiency of internet of things learning kit to enhancing programming
skills was 81.20% and the results of the learner’s preference about learning expe-
rience using the internet of things learning kit to enhancing programming skills
was 75.96% with were higher than the specified criterion as 70%.

Keywords: Internet of Things · Programming skills · Instructional design ·
Constructivist · Learning environments

1 Introduction

In the digital world, there are a lot of smart technologies emerging around us and they
are expanding rapidly in a very short period. Human resources preparation for such
growth is essential today. Programming skills [1] are one of the most important skills
that learners should be encouraged. Programming requires a combination of skills, espe-
cially problem-solving skills [5] that require a systematic approach. Most of the smart
technologies are developed based on the Internet of Things (IoT) which includes engi-
neering design concepts [10, 11], problem solving and programming. As the researcher
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is educational personnel in the Computer and Programming Department. The studying
the context of teaching and learning programming in Thailand, it was found that most
of the students’ learning still focused on the pattern of memorizing information that
the teachers directly conveyed through lectures and assign tasks for students [13]. More
than 80 percent of the students commented that although such a learning method could
allow him to answer mission questions, it did not provide a deep understanding. As a
result, they are unable to apply the knowledge gained to develop innovations for solving
problems around them because they are not encouraged to develop the skills necessary
for programming, especially problem-solving skills to systematic programming [1, 13].

From the information. Therefore, the researcher has an idea to develop an Internet
of Things learning kit that focuses on enhancing learners’ programming skills by bring-
ing the fundamentals of problem-solving and programming are designed as a learning
environment in the form of Web-based learning and packed into IoT boards. In this
studying the researcher uses a Raspberry Pi, which has a built-in web server feature. It
also organizes various devices used for learning IoT programming content, including
Raspberry Pi, Relay Module, LED, DHT22 temperature and humidity sensor, etc.

2 Methodology

This study was aimed to the development of internet of things learning kit to enhancing
programming skills for high school students. Researchmethodology is pre-experimental
design the procedures were as following: (1) Studying principles, learning context,
and theories, (2) Synthesizing the theoretical framework and designing framework, (3)
Develop the internet of things learning kit to enhancing programming skills, (4) Evaluat-
ing the efficiency of the internet of things learning kit to enhancing programming skills
[9], and (5) Study the learner’s preference learning experience [9] about the internet of
things learning kit to enhancing programming skills.

2.1 Research Participants

The research participants consisted of 9 experts in 3 domains – 3 experts in content
selected by specialist in computer programming content, 3 experts in learning media
designer selected by specialist in leaning media design, 3 experts in designing construc-
tivist learning environments selected by specialist in constructivist learning environment
design [7, 9], and 68 students in high school of Demonstration School of Khon Kaen
University Secondary School.

2.2 Research Instruments

The instruments in this study as following details: 1) the expert review recording for
examining the quality in 3 domains as follows [7, 9]: learning contents, learning media,
and instructional design, 2) the questionnaire form to studying learner’s preference
learning experience about the internet of things learning kit to enhancing programming
skills.
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2.3 Data Collecting and Analysis

The researchers collected data as follows: 1) Synthesis of theoretical framework and com-
ponents of the learning environment. The data were collected by analyzing principles,
theories, related research, and contextual study. 2) Synthesis of designing framework:
The above synthesized theoretical framework was taken into this process. 3) Develop the
learning environments of internet of things learning kit follow the elements of designing
framework. 4) Evaluate of the learning environments in the dimension of learning con-
tests, learning media, and instructional design [7, 9] by experts in 3 domains as follows:
learning contents, learning media, and instructional design and adjust according to the
suggestions. 5) Collected learner’s preference learning experience about the internet of
things learning kit to enhancing programming skills by using a questionnaire form, and
were data analyzed by using summarization, interpretation description (see Fig. 1).

Fig. 1. Process of data collection

3 Results

3.1 The Development of Internet of Things Learning Kit to Enhancing
Programming Skills for High School Students

The designing learning environments to enhancing programming skills. The learning
environments of internet of things learning kit to enhancing programming skills was pro-
duced based on synthesis of theoretical framework in 6 crucial based include [13]: Learn-
ing context base [12], Psychology base, Pedagogy base [4, 6], Technology and media
base [7], Problem solving base [5] and Programming base [1] and synthesis of design-
ing framework based on theoretical framework. Therefore, the internet of things learning
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kit to enhancing programming skills comprised of 8 components as follows: (1) Prob-
lem base, (2) Resources, (3) Cognitive Tools, (4) Collaboration, (5) Programming Prob-
lem Solving Center, (6) Scaffolding, (7) Programmer Community, and (8) Programming
Coaching Room. The description of each key element is shown in Table 1.

Table 1. The key elements and descriptions of learning environments of internet of things learning
kit to enhancing programming skills.

No. Key elements Descriptions

1 Problem base It was shown Problem base and learning task [2] to activating
cognitive structure, programming skills [7, 9, 13]. (Ex. Fig. 2(b))

2 Resources It was shown Resources [6] to supporting cognitive equilibrium [2] to
provide information designed based on information processing theory
[3], SOI Model [3], and OLEs [4]. (Ex. Fig.4(a))

3 Cognitive tools It was shown Cognitive Tools as tools to supporting information
comprehensive and programming problem solving designed based on
cognitive tools concept of OLEs model [4]. (Ex. Fig. 4(b))

4 Collaboration It was shown Collaboration to enhancing programming problem
solving [1] by collaborative with their friends and experts for
expanding multiple perspectives. (Ex. Fig. 4(c))

5 Programming
problem solving
center

It was shown Programming Problem Solving Center to enhancing
programming skills by solve the problem designed based on
programming and problem
Solving 4 phases [1, 5]: Problem representation, Search for solutions,
Implementation and Use and Maintenance [1, 13].(Ex. Fig. 4(d))

6 Scaffolding It was shown Scaffolding to supporting and enhancement
programming skills using 4 scaffolding [4] included Conceptual,
Metacognition, Procedural, Strategic. (Ex. Fig. 5(a))

7 Programmer
community

It was shown Programming Community to making communities of
programmer for sharing and consulting [7] programming idea. (Ex.
Fig. 5(b))

8 Programming
coaching room

It was shown Programming Coaching Room to supporting learner’s
programming through coaching by teacher and experts [7, 9, 13]. (Ex.
Fig. 5(c))

The learning environments of internet of things learning kit to enhancing program-
ming skills was produced based on designing framework (see Fig. 2, 3, 4 and 5).

The component of internet of things learning kit. The internet of things learning kit
are material boxset using for learning task included: Raspberry Pi, Relay module, LED,
Resister 330 ohms, DHT22 humidity and temperature sensor, Servo motor, Ultrasonic
sensor, Soil moisture sensor, Protoboard, and Jumper wire (see Fig. 6).
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(b)(a)

Fig. 2. (a) Welcome screen (b) Problem base (see details in Table 1.)

(b)(a)

Fig. 3. (a)(b) Learning tasks (see details in Table 1.)

(a) (b)

(c) (d)

Fig. 4. (a) Resources (b) Cognitive tools (c) Collaboration (d) Programming Problem Solving
Center (see details in Table 1.)
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(a) (b)

(c)

Fig. 5. (a) Scaffolding (b) ProgrammerCommunity (c) ProgrammingCoachingRoom (see details
in Table 1.)

Fig. 6. Component of internet of things learning kit

3.2 The Efficiency of Internet of Things Learning Kit to Enhancing Programming
Skills

The efficiency of IoT learning kit to enhancing programming skills as the following:
The experts’ review. showed that the design of the learning environments was appro-

priate and congruent with underlined theories and principles as mentioned above see
detailed in Table 2.

According to Table 2, the results of the assessment of the expert on the learning
content was 84.67%, learning media was 80.0%, and the designing elements of the
learning environments of IoT learning kit was 78.85% and the total of the assessment
of the experts was 81.20% with were higher than the specified criterion as 70%. The
experts’ review was found that the elements of the learning environments of internet
of things learning kit to enhancing programming skill are appropriate for supporting
learner to solve problem for programming and leads learner to search for the solution
for programming. The instructional design of learning environment exactly consistent
with the principles and theories used as a basis for design overall, more appropriate.
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Table 2. The efficiency of internet of things learning kit to enhancing programming skills

No. List assessment Results of the expert (Percentage)

Learning content

1 Appropriate learning content 84.67

84.67

Learning media

2 Navigation 76.34

3 Composition 79.00

4 Image and video 83.46

5 Stability 81.57

80.09

The designing elements of the learning environments of IoT learning kit

6 Problem base 82.05

7 Resources 79.40

8 Cognitive Tools 75.78

9 Collaboration 78.84

10 Programming Problem Solving Center 81.59

11 Scaffolding 78.80

12 Programmer Community 77.65

13 Programming Coaching Room 76.70

78.85

Total 81.20

3.3 The Learner’s Preference Learning Experience Using the Internet of Things
Learning Kit to Enhancing Programming Skills

The results of the learner’s preference about learning experience using the internet of
things learning kit to enhancing programming skills were follow detail in Table 3.
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Table 3. The learner’s preference learning experience using the IoT learning kit to enhancing
programming skills

No. List assessment Results of learners (Percentage)

1 Appropriate of learning content 75.54

2 Appropriate of system navigation 78.70

3 Appropriate of screen composition 69.83

4 Appropriate of image and video 72.43

5 Stability 78.24

6 Using problem base 76.65

7 Using resources 74.54

8 Using cognitive tools 69.45

9 Using collaboration 81.12

10 Using programming problem solving center 82.67

11 Using scaffolding 70.01

12 Using programmer community 78.21

13 Using programming coaching room 80.12

75.96

Total 75.96

4 Discussion and Future Work

This research focuses on the development of internet of things kit to enhancing program-
ming skills for high school students. Based on principles of learning context, psychology
base, pedagogical base, media and technology base, programming base, and problem-
solving base to design the components of learning environments in Internet of Thing kit
to enhancing programming skills including: (1) Problem base, (2) Resources, (3) Cogni-
tive Tools, (4) Collaboration, (5) Programming Problem Solving Center, (6) Scaffolding,
(7) Programmer Community, and (8) Programming Coaching Room. After study about
learning context of learner using IoT learning kit found that some students learning task
has been relatively slow because no prior knowledge about using IoT devices. There-
fore, the researcher has made a using manual and explained for basic use. In the future
work, the researcher has planned to study the programming process in-depth such as
through in-depth interviews, study learning achievement compared with the learners’
programming problem solving, etc.
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Abstract. The combination of digital technologies and the focus on student-
centred learning, enable the integration of pedagogical methods with the effective
use of technology. This integration required educators to meaningfully engage
with educational technologies as it is deployed across all aspects of teaching and
learning such as teaching techniques, delivery methods and learning solutions.
Furthermore, mechanisms are required to establish priority for professional devel-
opment for educators in order to increase efficacy of teaching and learning design.
Therefore, the purpose of this interpretive case study was to identify the key con-
siderations that educators think through in order to achieve computer integrated
education design. In addition, to create a development priority and roadmap, the
key considerations weremapped to the taxonomy of blended learning design. Data
was collected via 13 semi-structured interviews from the case study institution, a
private school operating in South Africa. Through an automated analysis process,
30 concepts and12 themeswere identified.Theprimary areas identified for the case
study institution to attend to relate to two taxonomy areas, namely attitudes and
beliefs (educator judgement relating to the use of technology by students/learners)
and contextual determinants (policy, affordability, skills determinants).

Keywords: Educational technology · Blended learning · e-Learning · Taxonomy

1 Introduction

With the advent of new technology and access to countless information resources, the
way we are being taught and the way we teach have never been so diverse [1]. From
the traditional face-to-face classroom setting, technology has now made it possible to
learn and teach using blended learning, distance learning and online platforms. There-
fore, the use and expansion of technology has completely changed the quality of, and
approach to, education [2]. These information technologies make a greater variety of
educational practices possible and createmore learning opportunities, while diversifying
the approaches of both teachers and learners toward education [3]. The need for teachers
and learners to adapt has therefore also become of utmost importance [4]. Educators now
have the opportunity to use technology to enable learners to learn and practice language at
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all levels of language input and -output (reading, listening, writing and speaking), while
educators can also use technology to design specific learning components to enable the
learning of language for set purposes and accommodating a variety of levels of fluency
[4].

However, with these advances and all of the benefits and possibilities it brings, some
challenges also occur and scholars have reported that these issues require more attention
and further investigation [5]. These barriers include, but are not limited to; slow change,
cultural/societal resistance, lack of support/resources for enablement/ the inability of
educators and education systems to integrate technology and adjust to its demands, a
lack of strategy and/or planning [6].

Therefore, this study aimed to establish the key considerations impacting computer
integrated education. The primary research question that this study aimed to addresswas:
“What are the key considerations that educators think through for achieving computer
integrated education design and how may it be measured?”. This was achieved by
applying a single case study research strategy and collecting data through 13 semi-
structured interviews. Particular themes were identified from the interviews and mapped
to the taxonomy of blended learning design [7]. By evaluating the findings against the
taxonomy of blended learning design, educators will be able to increase efficacy of
teaching- and learning design, as well as understand where they need to focus their own
skills improvement.

Section 2 of this paper provides the background to the study and presents an overview
of blended learning, technology tools impact and challenges, as well as the influence
on teaching practice. The approach to this study is discussed in Sect. 3, while Sect. 4
provides an overview of the data analysis of the study and report the findings derived
from the semi-structured interviews. Section 5 illustrates measurement of the computer
integrated design aspects and Sect. 6 concludes the paper.

2 Background

Basedon the benefits of the use of technology aswell as the barriers/challenges described,
it is now apparent that there is a disparity between what technology could do for teachers
and learners versus what it is currently doing/how it is used [8].

In the following sections, we consider this shift in teaching practice and blended
learning, as well as the impact of computer integrated education.

2.1 E-learning and the Blended Classroom

Industry, the corporate sphere, the economy and the ‘world of work’ is constantly chang-
ing and through the increase in technology, innovation and automation the needs and
pressure placed on the work force are also at an increase [9]. In order to adjust to these
ever-changing demands, education systems are also constantly changing and adapting to
produce an appropriately qualified work force [9]. Some of the most prominent innova-
tions in education systems included electronic learning, games-based learning, technical
skills development and subject-integration [10].
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As technology has developed and now proliferates all areas of society, it is important
to understand the definition of technology as it is used in education and e-learning [11].
Seeing as technology is developing continuously, the concept of e-learning is also ever
changing and dynamic. E-learning consists of four different domains which must be
considered when e-learning is conceptualised and implemented; type of technology, the
system of delivery, educational- and communication paradigms [12]. Blended learning
can therefore be defined as innovative and adaptable methods of education, teaching
and learning which allows learning to be learner-centred and can improve a learners’
interaction with the material [13]. Research has shown that a blended-learning approach
can greatly benefit students seeing as it combines online teaching and learning with in-
class teaching and classroom time [14]. This approach allows students to interact with
the material comfortably at home while homework and more conventional schoolwork
can be focused in the classroom [15].

In accordance with these global trends and the emergence of blended learning envi-
rons, and the consequential change of direction and shift in priority, teachers and edu-
cators have also been encouraged to assimilate learner-centeredness into their teaching
style and classroom [11]. Additionally, educators also need to develop and acquire the
skills necessary to introduce e-learning and other Information, Communication and
Technology (ICT) tools into their classrooms keeping learner-centred learning in mind.
In order for teachers to fully utilize the technology available to them, they would require
the appropriate support in terms of new skills development, professional development
and practical help as to the usage of ICT in the classroom and for the preparation of
lessons [8].

In order tomeet the challenge, it is important to investigate and understand the current
level of educator ICT skills, where there is a gap in their knowledge and establish their
current ICT needs and related teaching priorities in order to encourage teachers to adopt
better ICT practices and methods in teaching which will in turn impact students and
foster learning enrichment [8, 16].

2.2 Technology Tools and Teaching Practice

Taking the concepts of type of technology, the system of delivery, educational- and
communication paradigms as previously discussed into account, the static use of an
electronic device in a classroom does not automatically constitute e-learning [11, 12].
Therefore, in order for the device to be effectively used for e-learning as an ICT tool,
it needs to play a core role in the learning process and provide support and stimulus
for learners which cannot be substituted with traditional methods and materials [17].
Further studies have found that studies the usage of e-learning tools in classrooms had a
positive impact on the improvement of the language ability and achievement of students
in the English language classroom [8]. It can therefore be deduced that in order to
bridge the gaps between ICT tool- and resource availability, e-learning and educator
competence in a real-time classroom, teachers are required to develop new technical skill
sets and be able to innovate newways to use the available ICT resources in an integrated,
blended manner [18]. According to Schneider and Stern [19], teachers are unable to use
ICT tools effectively to create a blended teaching and learning environment without a
clear understanding of the relationship between pedagogical knowledge and the role
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e-learning tools play as a medium for teaching and learning [19]. Therefore, if educators
are expected to prepare learners for a technological saturated working environment after
school, they too need to be well versed and able to use the appropriate ICT tools [11].
However, educators may find it difficult to use ICT tools if they are unable to see said
tools as being part of their pedagogical frame of reference [19].

In order for the educator to properly instruct learners and convey the appropri-
ate knowledge, they must themselves be in possession of the appropriate pedagogical
knowledge related to what they are teaching [11]. Pedagogical knowledge does not sim-
ply refer to content knowledge but also a deep understanding of teaching, learning, the
educational process and the values, purposes and aims thereof [20]. Additionally, ped-
agogical knowledge can also include an understanding of effective lesson conveyance,
assessment, student- and classroom management and lesson planning [8].

2.3 Challenges of Integrating Technology Tools Teaching

In order for ICT tools to be used effectively and appropriately in the classroom to
offer invaluable support to learner, both content knowledge and appropriate instructional
methods need to be integrated appropriately into the blended environment [21]. It can
also be concluded that educators need to know how to create an ICT enriched classroom
by implementing blended learning in a flexible and creative manner and be guided by the
curriculum, learningoutcomes, experience and content knowledge [22].Additionally, the
students in our schools today are also exposed to a variety of technologies from a young
age which created an ever-expanding cycle where educators and schools are forced to
also embrace the changes brought to the education sector though the introduction of new
technologies and the needs of learners to also adopt and acquire new technology-based
skills [23].

According to Amin [24], the acquisition of ICT related skills have posed some
difficulties for bother student- and veteran teachers [25]. In another study, Flanagan [26]
investigated and contrasted the method used by beginner- and veteran teachers when
it came to solving ICT related problems as they occur in the classroom. Additionally,
Hedgcock and Ferris [27] also found that the greatest challenge faced by teachers is
the lack of ICT-based skills and training and an inability to properly prepare for the
use of technology in the classroom in order to foster a blended-learning environment
[27]. This hesitance and doubt that teachers experience has been coined by Al-Alak and
Ibrahim [28] as “computer anxiety” and has been shown to negatively affect the teachers’
intentions and ability to use technology in the classroom [11, 28]. More recent research
has suggested that the gap between what is expected of educators in terms of blended
learning and that which they know they are actually able to achieve, has gone as far as
causing “technophobia” among many teachers [29]. It was found that this “computer
anxiety” and “technophobia” were primary a result of teachers not possessing the skills,
knowledge, confidence or experiencewhen it comes to using technology in the classroom
[29].

In addition to the challenges teachers face as discussed above, educators must also
focus on fulfilling their roles as teacher, meeting the standard of the curriculum and
ensure that all of the learners’ needs are met while keeping their individual ability and
learning capacity in mind [11]. Therefore, it comes as no surprise that research shows
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that many educators are feeling overwhelmed and ill-equipped as they attempt to follow
new educational trends and meet the standards [11].

3 Reseach Approach

The objective of this paper was to establish the key considerations that educators think
through for realising computer integrated education design. In order to achieve the aim
of the study, an interpretive, single case study research strategy was applied. The case
study institution is a South African private school, primarily catering to foreign learners
from diplomatic families. This school consists of 257 learners from Grade 0 to Grade 12
and employs 25 educators, as well as a support- and administrative team of 12 people.
We designed a semi-structured interview guide that consisted of demographic questions,
as well as questions pertaining to computer integrated education design and evaluation.
Data was collected through 13 semi-structured interviews. The profile of the educators
that were interviewed is shown in Table 1.

Table 1. Respondent profile.

Educators interviewed Tenure as educator Tenure at case study
institution

Elementary school 3 23% < 5 yrs 5 38% < 4 yrs 9 69%

Middle school 4 31% 5–7yrs 5 38% 4–7yrs 3 23%

High school 6 46% >7yrs 3 24% >7yrs 1 8%

Total 13 100% 13 100% 13 100%

The transcriptions of the interviews were analyzed using Leximancer [30] in order
to identify and report patterns and themes within the data [31], emphasizing both orga-
nization and rich description of the data set and theoretically inform interpretation of
meaning [32, 33]. Leximancer software (V5.0) is advanced natural language processing
software utilizing Bayesian theory. Leximancer applies an unsupervised iterative pro-
cess to determine the frequency of concepts and their relationships, and as such, has no
preconception to extract the data. The final analysis is gleaned from the data itself [34].
Leximancer identified the main concepts in text reliably based on the interdependence of
words in the text. Leximancer automatically infer concepts and themes from the data and
provide clear, concise and accurate interpretations [35]. In the next section, we discuss
the data analysis and findings of the study.

4 Data Analysis and Findings

The purpose of this study is to present the educator key considerations for computer
integrated educationdesign.Thequalitative data collected through the13 semi-structured
interviews were analysed in order to identify the key considerations. The interview data
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was visualised through a concept map depicted in Fig. 1. Leximancer generated a total
of 30 concepts and 12 themes from the interview data and shown in Table 2. Theme
refers to a cluster of concepts that have commonalities reflected by their proximity in the
concept map. The theme name is derived from the most prominent concept that appears
in the group of interconnected concepts. The calculation of the number of hits informed
the themes that were formed based on the interview text and fit each concept based on
the Leximancer’s machine learning capabilities [36].

In terms of the “tools” theme, when technology integration in the classroom is
seamless and thoughtful, students not only become more engaged, they begin to take
more control over their own learning. The choice of technology integration highlights
the ability and capability of finding and evaluating the best tools and devices suited to
the classroom situation and that may be applied across various contexts, The “students”
theme highlighted the aspect that learners adapted well to the on-line environment and
that they may be taught where ever they are and that the educator may share resources
with them wherever he / she is. Special needs of learners may also be addressed in
this manner. The “technology” theme impacts educator pedagogical knowledge as their
own training often included very little technology training apart from using an overhead
projector.

Fig. 1. Interview data concept map.

Toolsmake the contentmore attractive and accessible and also allow for learning to be
more active and engaging such asmaking use of a gamified learning experience, building
lesson plans using differentiated instruction and technology, build a class website, create
a classroom blog and using social media as a training tool. The application of technology
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Table 2. Themes and concepts from the interviews.

No Theme Hits Concepts

1 Tools 65 Tools, use, able, devices, situation, training, content, using

2 Students 56 Sstudents, learners

3 Technology 46 Technology, class, classroom, apply, finding, best, content

4 Learning 29 Learning, education

5 Training 19 Training, using

6 Teaching 15 Teaching, time

7 Work 14 Work

8 Online 11 Online

9 Videos 11 Videos, Youtube

10 Digital 8 Digital

11 Need 7 Need

12 Variety 7 Variety

is not a one-size-fit-all approach and the best content, approach and application must
be adopted for the particular context. The “learning”, “training” and “teaching” themes
consider the purpose and need of each activity or lesson in order to evaluate which
tool would be best suited to the outcome. Learning is enabled through exposure to a
wide variety of material, information, and it enables learners to practice and apply while
they manage their own learning path. Collaborative learning is being utilised more and
the material is adapted to make up for the lack of classroom contact. With regards to
computer integrated education, time-management, punctuality and organisation of all
concerned have become a top priority. “Work” and “online” refer to workload and was
highlighted in the automated analysis as using technology as introduction for a lesson
or by recording a lesson, the educator workload is impacted, and in some instances,
reduced. Learners’ work packs may be submitted online, changing the typical workflow
experienced as opposed to when no technology is utilised. Furthermore, when learners
present their work online to their peers, there is a completely new dynamic added to
collaborative learning. There is a lot of simultaneous learning taking place. The “videos”
and “digital” themes contributes in the classroom as learners seem to pay more attention
to technology in the classroom and the teacher can bemore creative in the class. YouTube
has a vast collection of helpful tutorials, while online discussion boards are used to see
how learners engage with the content. The “need” and “variety” themes are focused on
the educators and what is required in terms of tool selection best supporting the learning
outcomes. Educators reflected that their knowledge of a variety of tools are limited and
that they seek the advice and guidance of colleagues.

In the next section we evaluated the findings obtained through the interviews against
the taxonomy of blended learning design [37].



446 C. Smuts and H. Smuts

5 Computer Integrated Education Design Evaluation

The aim of this study was to present the key considerations that educators reflect on
for computer integrated education design. The next step in this research study was
to visualise a measurement of the computer integrated education application in the
case study institution. For this purpose, we applied the taxonomy for effective blended
learning design [37] as it is useful not only for describing key factors impacting blended
learning design, but also as a professional development tool for educators to increase
efficacy of teaching and learning design [37]. In order to visualise the findings and
create a professional development roadmap for the case study institution, we used a basic
red-amber-green status where the themes and concepts defined through the automated
analysis were evaluated against the taxonomy dimensions and characteristics as depicted
in Fig. 2.

One taxonomy dimension, “how student learning takes place” was well presented in
the educator interviews, while 5 more taxonomy dimensions only contained green and
amber characteristics. For “content knowledge” attention must be given to the content
knowledge that the educator must have to adequately meet the needs of students, while
making a variety of knowledge available to them. For “pedagogical knowledge”, assess-
ment and how technology means are used to achieve it, must be considered, while access
and computer integrated education knowledge skill must be developed in the “technol-
ogy knowledge” dimension. In terms of the “learner experience” dimension, one aspect
requires development and this includes problem solving i.e. addressing the challenges
students are facing when attempting to utilise computer integrated education material.
Focus in the “educator skills” dimension must be on management and development.
Educators must build their own capability to apply technology in computer integrated
education while educator development need to develop a dynamic understanding of
technology, as well as learn how to interact fluidly therewith during instruction. In the
“beliefs and attitudes” dimension one characteristic i.e. educator judgement regarding
the use of technology by a learner, requires urgent development attention. The same
applies to policy, skills determinants and affordability in the final taxonomy dimension,
“contextual determinants”. Judgement regarding the thoughts and beliefs of others when
it comes to using technology tools for teaching and learning, must be based on the appli-
cation of technology as an information source. Affordability is driven by the technology
architecture that the school subscribes to and the associated cost of ownership. Policy,
especially as it relates to privacy and protection of personal information must be clearly
defined and applied consistently. Finally, educators must focus on different capabilities
of computer integrated education and the adjustment to a digital environment, designing
revised curricula.

This computer integrated education evaluationmaybeutilised to create a professional
development plan for educators in the case study institution or to create individual
educator profiles for targeted individual professional development.
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Fig. 2. Computer integrated education evaluation for the case study institution.

6 Conclusion

In 21st century teaching, educators are expected to integrate traditional pedagogical
methods with the effective use of technology in computer integrated education. These
increasingly sophisticated technologies, create a requirement for educators to gain new
skills to meaningfully engage with these technology tools. In this study we presented a
computer integrated education evaluation case study where data was collected through
13 semi-structured interviews. The taxonomy of blended learning [7] was used to map
the findings from the interviews to with the aim to develop a professional development
agenda for the case study institution.

Thirteen educators across elementary, middle and high school were identified with
varying years of experience as well as varying tenures at the case study institution. The
data from the semi-structured interviewswere analysedwith automated natural language
processing software, Leximancer 5.0. Through the analysis process, 30 concepts related
to 12 themes were identified. These concepts and themes described the educators’ key
considerations when applying computer integrated education design. The four most
prominent themes identified included tools, students, technology and learning.

In order to create a measurement of the case study institution’s computer integrated
education capability, the taxonomy of blended learning, consisting of 8 dimensions and
31 characteristics, were utilised. Similar themes between the taxonomy and interview
analysis were identified and visualised with a green status. Where themes overlapped
somewhat and minor issues were mentioned in the interviews, an amber visualisation
was applied.Where taxonomy characteristics could not bematched to a prominent theme
in the interview data, a red visualisation was used. Based on this evaluation, the case
study institution may design a professional development plan for its educators.

This studywas based on an interpretive paradigm and a basic red-amber-greenmech-
anism was used to inform the evaluation and consequent professional development plan.
As such, for future research, the development of a quantitative measurement tool based
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on the taxonomy of blended learning may be designed and evaluated. Furthermore, the
suggested professional development plan may be tested with the case study institution
as the next research step for the application of the findings of this study.
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Abstract. Idiom learning is an essential part in Chinese education. Some scholars
discovered that there’s a general lack of motivation in learning Chinese idioms
among elementary students; hence it is an important issue to increase learners’
learning motivation and improve their application of idioms. With the advances of
information technology, Interactive Response Strategy (IRS) used into the class-
room has already become popular. The study used a quasi-experimental design
and randomly select two classes of 49 students of grade 3 from an elementary
school in Taichung city of Taiwan as subjects. Each class as experimental and
control group respectively. The experimental group will be taught using IRS inte-
grated into Chinese Idiom learning, while the control group follows traditional
lecture style. The results show the following findings after statistical analysis: (1)
In terms of learning efficiency, IRS integrated into grade 3 Chinese idiom learning
is superior to traditional lecture style. (2) In terms of learning motivation, IRS
integrated into grade 3 Chinese idiom learning is superior to traditional lecture
style.

Keywords: Idiom learning · Interactive response system · Learning efficiency ·
Learning motivation

1 Introduction

The flexible use of Chinese idioms can make writing and language expression play the
icing on the cake. Learning idioms can diversify one’s vocabulary, increase articulation
and writing ability, achieving a general improvement in language ability. Some scholars
discover the lack of motivation of learners in learning idioms, which leads to idioms
only being memorized for a short period of time just for tests and exams. Learners also
seldom use idioms in daily writing, lacking the proper application of this knowledge
[1]. Learners have low learning motivation in regards to learning idioms, which leads to
their inability to store them as long term memory [2]. Learning motivation is an intrinsic
psychological progression, when instructors enable learners to become invested into
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the course, sustain the learning activity and reach the teaching goals [3]. The present
research seek to focus on increasing learners’ learning motivation in in learning idioms
and gain feedback on learners’ situations through IRS. The study hopes to invigorate
learners’ interests in learning idioms, enabling them to apply this knowledge to real life,
improve oral and writing abilities while improving conciseness.

Technology integration into education has become more diversified in recent years.
Through the integration of information technology into the classroom, the learning atmo-
sphere becomes more alive and allows a two-way communication between instructors
and learners, increasing both learning motivation and interest. Interactive Response
Systems (IRS) such as Zuvio, Plickers and Kahoot! Can assist instructors in manag-
ing learners’ learning progress and make teaching adjustments accordingly. IRS can
increase learners’ class participation rates [4]. Should game-like elements be introduced
while using IRS, not only can the system increase learners’ learning motivation, but also
learning concentration. Integrating information technology into Chinese idiom educa-
tion can have significant increase in learner’s learning motivation and learning efficiency
[1].

The present study usedKahoot! IRS integrated into Chinese idiom teaching due to its
ease in use and ability to increase interactivity and entertainment in teaching. The study
hopes to analyze the impact of IRS integrated into Chinese idiom teaching have on third
grade learners’ learning motivation and efficiency. Through this strategy, instructors can
immediately gain insight on learners’ situation and manage their progress. The study’s
researchmotivation sprouted from learners’ low learningmotivation and lack of real-time
feedback mechanics.

2 Literature Review

2.1 Interactive Response System (IRS)

IRS can assist instructors in managing learners’ learning situations in class, rapidly
gaining insight on their learning evaluation and enable instructors to make immediate
teaching adjustments. Educators can increase earners’ learning interest, interactivity and
entertainment value in class. IRS’s advantages [5, 6], as listed in Fig. 1, can diversify
teaching styles and increase learners’ learning motivation, reversing the passive role of
learners. It can also increase teaching efficiency and learning interest, which in turn
increases learner/teacher interaction and offers convenience in evaluation. Through a
digitized evaluation system, educators can quickly understand learners’ learning sit-
uation and provide immediate strategic adjustment; learners’ progression can also be
recorded through the statistics graph, allowing educators to find weaknesses in learners’
situation and provide remedy.

Huang [7] proposed the concept of integrating information technology into educa-
tion. By involving information technology into education, educators can transform the
diverse IT tools into tools that facilitate learning while providing learners a more active
response and givemeaning to learning itself. Further enhancing learning efficiencywhile
gradually building learners’ learning interest. Such examples include: integrating IRS
into classes, gaining an immediate insight on learners’ situation, educators are able to
use this system as a reference to adjust pacing.
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Fig. 1. IRS advantages and characteristic

Kahoot! is a game-based learning system. Learners can use different electronic
devices to conduct interactive learning through an internet-enabled environment. The
feature of this system is allowing competitiveness while answering questions. Not only
can the students answer immediately, but the instructors will have a better understanding
of the learners’ learning situation, and adjust teaching strategies accordingly. This sys-
tem can enhance the interactivity and entertainment value, further increasing learners’
initiative and increase learner efficiency, even beyond the goals set by the instructors.
Wang [8] found that Kahoot! IRS have the effect of increasing initiative. Graham [9] pro-
posed that Kahoot! Allows teachers to quickly and easily create question-based learning
games which can be use to evaluate learning situation, review knowledge and teach new
learning content or facilitate learning discussion.

2.2 Chinese Idiom Learning

Language is the foundation of learning. Under the influence of various electronics, most
children lack writing abilities nowadays. Huang [10] thought that if elementary learners
are to increase their writing abilities, the proficiency in Chinese idioms is a definite
requirement. Adequate Chinese idiom usage can make writings and spoken words more
concise, causing them tobecomemorevivid.He [11] thought thatChinese idiom teaching
should follow four main principles: Vivification, a diverse teaching style and interest-
ing teaching materials is a guarantee to successful Chinese idiom teaching, educators
should use more word games to inspire interest in learners; Integration, Chinese idiom
teaching should incorporate speaking, reading andwriting activities, possibly even inter-
disciplinary studies such as mathematics. Practicality, idiom learning should combine
writing education; Diversify, flexible teaching materials and innovative methods can be
used in tandemwith plentiful teaching resources. A diversified approach can aid learners
in learning idioms. Following the advancements of the tech era, integrating information
technology into education can make idiom learning more diversified. Liu [1] according
to a mobile learning strategy applied in the research of sixth grade elementary idiom
learning, learners prefer digital learning platforms over pen and paper tests. Through a
mobile learning strategy, a significant increase in learners scores was observed.
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2.3 Learning Motivation Theory

Learning motivation is a integral part in learning, it is the driving force behind learning.
Learning motivation is learner’s motivation for achievement, a mental need for seeking
individual success, which is one of the main reason that affects academic achievements
[12]. Keller proposed the ARCS model in 1983, which stands for: Attention, Relevance,
Confidence and Satisfaction. In the classroom, learning efficiency degrades because dur-
ing the learning process, instructors are unable to inspire interest an increase concentra-
tion [13]. In teaching design, ways of understanding and increasing learning motivation
is very important, since learners’ active participation and pursuit of knowledge stems
from learning motivation [14]. In designing a teaching strategy, instructors can follow
theARCS strategy to inspire learners’ learningmotivation, whichwould help immensely
during teaching. Cultivating abilities that children can use is our main goal, the driving
force of which is learning motivation.

3 Research Method

The study utilized a quasi-experimental pretest-posttest design. The subject of the
research focused on the impact of IRS integrated grade 3 Chinese idiom learning have
on learning motivation and learning efficiency. Separating test subjects into experimen-
tal and control group, both groups of learners were required to take learning efficiency
pre/post-tests in order to determine the differences in learning performance. Prior to
the experiment, both groups of learners would take learing efficiency pretest, then each
group will be taught with their respective styles and methods. After the experiment, both
groups will then take learning efficiency posttest and learning motivation scale.

3.1 Research Design

Prior to the experiment, the study will explain the learning activity and how to operate
Kahoot! IRS, which will last a total of 20 min. Before entering the system, learners will
be instructed to take learning efficiency pretest for 40 min. Experimental and control
group will each begin their learning activities; Experimental group will be taught using
IRS integrated Chinese idiom learning while control group will use traditional lecture
style. The experiment lasted 200 min, spreading across 5 lessons of 40 min each. After
the lesson ended, learners will take learning efficiency posttest, which lasts 40 min and
then fill out the learning motivation scale, which lasted 20min. The experiment structure
is shown as Fig. 2.

3.2 Research Tools

Using Keller’s ARCS model and designed with Likert’s 5 point scale in mind, the total
score will be taken as an indicator of personal learning motivation, the lower the score,
the more passive one’s learning motivation is. The scale’s internal consistency is .95
[15]. Kahoot! is a game-based test platform. Instructors can design questions on said
platform, which will then be displayed in a game-like fashion. While answering, a
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Fig. 2. Experiment structure

countdown feature will appear, accompanied by music. Learners can use smart phones,
tablets or computers to answer questions. After the quiz, learners can see their own
ranking and scores, instructors can also see learners’ scores and question analysis.

Before using Kahoot! Insructors will need to ensure both Wi-Fi connection and the
necessary hardware is present in the area. First of all, instructors will need to distribute
one tablet to each learner, connect teaching terminal to the Kahoot! IRS while also
display questions through the touchscreen tv. The study will then explain learning activ-
ities, process and how to operate the system to learners. Learners can interact with the
instructor after turning on the tablet and enter the platform’s homepage, entering PIN
and connecting to the game (see Fig. 3).

Fig. 3. Test subjects’ learning progress

4 Experimental Analysis and Results

4.1 Discuss the Difference in “Chinese Idiom Learning Efficiency” Between
Experimental and Control Group

Perform ANOVA tests on both groups of learners using different teaching methods,
and discuss the differences in learning efficiency. Both groups of learners averaged
higher in posttest scores than pretest ones. Among them, experimental group’s posttest



Impact of the IRS Idiom Teaching on Elementary Students’ 455

average (89.16) is higher than control group learners’ scores (77.24). Before conducting
ANOVA, a test of homogeneity of regression must be performed in order to test whether
the regression is homogenous. The test reported no significance, F = 1.543, p= .221>
.05. Both groups are homogenous, ANOVA can continue.

Table 1. ANOVA summary table of different teaching styles’ learning efficiencies

Source Type III SS df Avg SS F Significance

Pretest 6209.657 1 6209.257 26.289 .000***

Groups 1706.272 1 1706.272 7.224 .010*

Error 10864.636 46 236.188
*p < .05, **p < .01, ***p < .000

It can be seen from Table 1 that both groups exhibited significance, F = 7.224,
p = .010 < .05. The data meant that learners’ posttest scores will have significant
differences depending on the teaching styles. In Chinese Idiom teaching, IRS method
is superior to traditional lecture style. It can be known from Table 2, the adjusted mean
of experimental group is 89.104, while the control group is 77.300. Experimental group
had higher adjusted mean than those of the control group, learners’ posttest scores also
exhibited significance after receiving different teaching styles, which indicated that IRS
method is superior to traditional lecture style.

Table 2. Adjusted mean of posttest scores of different learning methods

Group Avg SD 95% CI

Upper bound Lower bound

Experimental 89.104a 3.137 82.709 95.419

Control 77.300a 3.074 71.113 83.487

Covariate: Pretest scores = 44.6939.

4.2 Discuss the Differences Between Experimental and Control Group
on “Chinese Idiom Learning Motivation”

After receiving different teaching methods, both group of learners will be analyzed via
the four dimensions (Attention, Relevance, Confidence and Satisfaction) to determine
the influences on their learning motivation.

It can be indicated form Table 3 that both groups’ general learning motivation scores
exhibited significance after the test, p = .000 < .05. This can be interpreted as the IRS
method is superior to traditional lecture style.
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Table 3. Independent sample t test of both groups of learners’ learning motivation scale

Group Number Avg SD Avg SD t value Significance

Experimental 24 69.00 6.672 1.362 4.128 .000***

Control 25 60.52 7.649 1.529
*p < .05, **p < .01, ***p < .001

Table 4. Independent sample t tests of learning motivation scale dimensions of both groups

Dimension Group amount Avg. SD. Avg. SD. t value Significance

Attention Experimental 24 4.46 .581 .118 3.881 .000***

Control 25 3.77 .672 .134

Relevance Experimental 24 4.44 .585 .119 2.683 .010*

Control 25 3.89 .841 .168

Confidence Experimental 24 3.67 .325 .066 2.397 .021*

Control 25 3.36 .564 .112

Satisfaction Experimental 24 4.65 .434 .088 3.602 .001**

Control 25 4.11 .608 .121
*p < .05, **p < .01, ***p < .001

It can be seen from Table 4 that both groups of learners that all four dimensions
of attention aspect (t = 3.881, p = .000 < .05), relevance (t = 2.683, p = .010 <

.05), confidence (t = 2.397, p = .021 < .05) and satisfaction (t = 3.602, p = .001 <

.05) reached significance. This indicated that learners underwent IRS method was more
active in learning motivation than those of traditional lecture style.

5 Conclusions

Through analyzing the IRSmethod, learners generally exhibit significant differences and
increased averages. It can be inferred that using the IRS method is superior to traditional
lecture style in teaching Chinese Idioms. This result proved Lin’s [16] thoughts about
educators should incorporate information technology into teaching in order to increase
learners’ learning efficiency using a diversified approach. After integrating IRS into
classes, learners’ learning achievements were higher than those of the traditional lecture
style [17, 18]. There have been quite a number of studies on utilizing Kahoot, the results
of which confirmed that integrating Kahoot into teaching activities can increase learners
learning efficiency [19, 20].
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Abstract. Audio and video lectures give students much freedom to study where
andwhen they like. These digital media formats usually also give students flexibil-
ity to choose the playback speed. In this study we conducted a simple experiment
to assess the effects of the playback speed on learning. A total of 20 participants
were recruited using convenience sampling. The participants were divided into
two groups, one half listening to a podcast at normal speed and the other at double
speed, and thereafter completed a multiple-choice test. The results showed that
the test scores were significantly lower at double playback speed. These results
may have implications for teachers and students.

Keywords: Playback speed · Time-compression audio lectures · Video lectures ·
Recall · Learning · Accessibility · Personalization

1 Introduction

Audio and specifically video-based lecture content has become widely available to stu-
dents especially during the COVID-19 pandemic. Pre-recorded content gives students
much freedom and flexibility in when they study, where they study and how they study.
Another benefit of pre-recorded audio and video material is that students usually have
the flexibility of adjusting the playback speed as well as going back and repeating spe-
cific segments [1]. Recordings are also believed to be beneficial for students with certain
disabilities such as reduced vision [1] as one does not have to consider challenges asso-
ciated with visual presentation [2] such as legibility of text [3, 4] but rather rely on
non-visual cues [5, 6].

In a traditional physical lecture, students are bound to a time and place as well
as following the pace of the lecturer. During course evaluations it is not uncommon for
teachers to receive contradicting feedback indicating that the lectures are too slow, or too
fast. Students who are unfamiliar with a topic or have a different language background
may prefer a slow pace, while other students who already are familiar with the topic
may want the lectures to move at a more rapid pace. Lecturers are therefore faced with
the dilemma of diverging student needs. If they more slowly, all may comprehend the
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content, but one may risk losing the interest of the more advanced students. If one
decides to move at a faster pace one risk losing the students that need a slower pace.
With personal playback of pre-recorded contents, the students can select their preferred
pace.

Much of the literature distinguishes between playback speed and time-compression
or time-stretching [7]. Simply speeding up a recording will also increase the pitch and
make spoken dialogue sound unnatural. This is the effect that can be heard if playing back
a magnetic tape at a different speed than the original. Therefore, such applications typi-
cally employ some time-compression or time-stretching algorithm [8] so that the play-
back speed can be altered without affecting the pitch. For simplicity time-compression
will be implied when referring to increased playback speed herein.

Informal dialogues with students reveal that some students indeed make use of this
possibility, usually speeding up lectures that are too slow. There are also reports of an
emerging trend where audiobook listeners listen to audiobooks at faster speeds. Users
of screen readers with synthetic text-to-speech output typically speed up the speaking
rate to cover more material per time unit. One may also imagine the opposite, that is, to
decrease the playback speed when learning how to conduct certain tasks in detail, for
instance when learning to play musical instruments or perform certain vocation-oriented
tasks.

Playback speed is not the sole factor, also the actual speaking rate needs to be
considered. A universal measure of speaking rate is words per minute (wpm), which is
also used to measure text entry rates [9–11]. “Normal” speaking rate is believed to be
around 150 words per minute, although individual variations can be large. In contrast,
reading speeds are believed to be nearly twice that, namely 200–300 words per minute.
One must also keep in mind that there are different types of reading such as skimming
and careful (deep) reading. Obviously, the reading mode affects the reading speed.

We therefore wanted to explore to what degree an altered playback speed affects
learning, in particular increased playback speed. We wanted to explore if playback
speed can be comprehended when played at typical reading speeds. Our hypothesis
was that increased playback speed will negatively affect learning. A controlled between
groups experiment was designed where half of the participants listened to a podcast
at normal speed and the other half listened to the same podcast at double speed upon
which they completed a questionnaire. Although several similar experiments have been
conducted in the past, we believe that it is important to replicate such experiments in
the current technological context as the technology has advanced much since the early
studies 50 years ago, both in terms of general accessibility, familiarity among end-users
and audio quality.

This paper is organized as follows. The next section reviews related work. Section 3
presents the methodology. Results are presented in Sect. 4 followed by a discussion in
Sect. 5. The paper is closed with concluding remarks in Sect. 6.

2 Related Works

Several studies have explored the effects of speech rate on learning and some studies go
back more than 50 years [12]. Barabasz [12] performed an experiment with more than



On the Convenience of Speeding Up Lecture Recordings 463

100 participants at graduate level by adjusting the playback speed of speech recorded on
magnetic tape. The two conditions included normal speed and a second condition with
the speed increased by 30%. The listening experiment was followed up with a test. The
author found no effect of playback speed on recall.

King [13] conducted an experiment using time-compressed speech and found that
the short-term listening performance started to deteriorate at 60% compression rate.

Ritzhaupt et al. [14] assessed performance with speech compressed at 40% and 80%.
They found no effects on performance but did observe a significant effect on participants
preference for the 40% compression rate.

Ritzhaupt and Barron [15] also conducted a large-scale study involving 300 partici-
pants with four conditions, namely normal playback speed, 50% increase, 100% increase
and 150% increase. The results show a significant decrease in performance with 150%
increase in playback speed compared to the other conditions.

Playback speed in conjunctionwith visual stimuli has also been investigated. A study
involving 150 participants showed that increased playback speed combined with visual
cues improved the recall but not the performance [16]. Goldhaber [17] found that both
the playback speed and academic level of the listener were influential factors.

Speech rate has also been studied in context of screen reader users [18, 19]. Gener-
ally, experienced text-to-speech screen reader users configure the synthetic speech rate
to twice, or three times, the normal rate, making it nearly intelligible for non-trained
listeners. Also, screen-reader users often “skim-read” by skipping words, sentences and
paragraphs using dedicated screen-reader controls. This allows screen reader users to
cover more ground in a shorter time and hence more flexibility and freedom.

Speaking rate is also of interest to broadcasters [20]. For instance, for newscasts, it is
important to employ a speaking rate that is comprehensible to the broad range of listeners
which may have diverse backgrounds in terms of education and language proficiency.

3 Method

3.1 Experimental Design

A between-groups experiment was chosen to ensure that each participant only was
exposed to one of the two conditions. Playback speed was the independent variable with
the two levels normal (original) speed and double speed. Success (recall) rate was the
dependent variable.

3.2 Participants

A total of 20 participants were recruited using convenience sampling, of which 12 were
female and 8 were male. All the participants were native Norwegian language users.
Their mean age was 33.7 years of age (SD = 11.90). The youngest participant was
24 years old and the oldest 59 years old. A Mann-Whitney U test shows that the age
of the males (M = 35.3, SD = 13.8) and the females (M = 32.7, SD = 11.1) were
not significantly different (W = 45, p = .846). A non-parametric test was used as a
Shapiro-Wilk test revealed that the age distributions were not normally distributed.
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An attempt wasmade to divide the participants into two balanced groups using strati-
fied sampling. The 20 participants were therefore split into two groups of 10 participants
with 4 males and 6 females in each group. A Mann-Whitney U test confirmed that there
were no significant differences in age across the two groups (W = 58.5, p = .542).

3.3 Material

For the listening experiment a professional Norwegian language podcast by Selda Ekiz
published by the National Broadcasting Corporation in Norway (NRK) was used. The
theme of this 8 min and 50 s podcast is Why are fungi important to us? (Smartere på 10
minutter: Hvorfor er soppen viktig for oss?). This podcast was chosen as it was relatively
short and thus suitable for the experiment. Moreover, the podcast is on a general topic
which most participants could relate to. The podcast was professionally produced and
therefore believed to be engaging to listeners.

Based on the content of the podcast a 24-question multiple choice test was designed
with four alternatives for each question, in which only one option was correct. The
questions addressed various information provided in the podcast. Google Forms was
used to implement the questionnaire.

3.4 Procedure

The experiment was conducted remotely and electronically due to the COVID-19 pan-
demic. The participants were sent links to the podcast and questionnaire. It was not
possible to adjust the playback speed on the podcast in the player on the website of
the Norwegian Broadcasting Corporation. Therefore, the participants were asked to use
the default podcast app available on their smartphones. This app is available on all
smartphones and all the participants had smartphones.

Half of the participants played the podcast at its original speed according to its
original duration of 8:50 min, while the other half of the participants listened to the
podcast at double speed, namely 4:25 s. The participants who were assigned to listen to
the podcast at double speed were instructed how to configure the podcast app.

The participantswere asked to sit in a roomwithout others present, and switch off any
music, radio, television, or other potentially disturbing elements. They were instructed
not to take notes or listen to the podcast, or parts of the podcast, several times, nor
search for answers on the Internet. The experimenters pointed out that it was not their
comprehension that was tested but the podcast.

The experiment was anonymous as it was conductedwithin a single session requiring
no linking of observations [21].

3.5 Analysis

The success rate for each person was found by tallying all the correct answers and
dividing these by the number of questions. The success rates for the participants were
analyzed statistically using the open-source statistical analysis software JASP version
0.13.1.0 [22].
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4 Results

Figure 1 shows the result of the experiment. Clearly, those who listened to the podcast
at normal speed achieved a nearly twice as high recall rate (M = 75.0%, SD = 13.0%)
than those who listened to the podcast at double speed (M = 45.8%, SD = 10.8%). An
independent sample t-test shows that this difference was statistically significant (t(18)
= 3.46, p < .001, Cohen’s d = 2.441). The large effect size confirms this difference.

We also assessed the participants for bias. AWelch t-test confirmed that therewere no
effects of gender (t(10.270)= 0.354, p= .731). AWelch test was used since a Levene’s
test revealed a deviation from the assumption of equal variances (F(1) = 6.910, p =
.017). Moreover, age did not correlate with the correct rate (rs(20) = 0.021, p = .929).

Fig. 1. Recall rates of normal and double playback speed (percentages). Error bars show 95%
confidence intervals.

5 Discussion

The results support the hypothesis that reading speed affects recall, that is, if the audio
playback speed is increased the recall is reduced. One possible explanation for this is that
the audio played back at a higher speed is harder to comprehend. Another explanation is
that the participants were given half the time to absorb the material. Perhaps the normal
playback rate gives the participants sufficient space to process and briefly reflect over the
information provided, while at half speed the participants were unable to do much apart
from listening. On the other hand, there was obviously a longer time delay between the
presentation of the information and the time to give the response for the participants who
listened at normal speed, which could also have contributed to participants forgetting
some of the contents, while those who listened to the podcast in half the time had a
comparatively smaller chance of forgetting the content. The experimentwas not designed
to distinguish between the root cause, whether it is the legibility of the audio or other
factors that results in the lower recall rates.
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The results agree with previous findings such as results reported by King [13] and
Ritzhaupt and Barron [15], while they disagree with the results of other studies such as
Barabasz [12], Ritzhaupt et al. [14]. One possible explanation for the diverging results
could be the quality of the audio technology used in the studies, as well as the degree
of playback speed change. Clearly, studies with a large change in playback speed are
probably more likely to trigger effects on recall than small playback speed changes.
However, one should be careful when contrasting the results from these different studies
since the experimental setups were not standardized.

6 Limitations

There are severalweaknesseswith the current experiment. First, the samplewas relatively
small with a comparatively wide spread of participants. It would be relevant to repeat
the experiment with a larger sample and perhaps more focused cohorts of pupils (up to
and including secondary school level) and students (at university level).

We did not probe the background of the participants and in this instance participants
with a background in biology would have found the questionnaire easier than those
without explicit training in biology. In hindsight we should have also asked about this,
even with narrow cohorts, as participants may have diverse backgrounds with a myriad
of study combinations or personal interests and hobbies. Moreover, we did not probe if
any of the participants had reduced cognitive function such as reduced memory, as this
could also have impacted the recall rates [23]. We should also have asked participants if
they had any hearing.

The experiment was conducted remotely, and we were therefore unable to control
the environment in which the experiment took place. It is therefore possible that some
participants had backgroundnoise or other disturbances thatmayhave affected the results
[24–26].

Another aspect which was not addressed herein was the difficulty of the message. As
the readability of written language affects comprehension [27–29], it is also possible that
the language used in the podcast could have impacted the results. One way to check for
this would be to assess the theoretical readability of the content by applying readability
indices to a transcript of the podcast contents. However, the podcast was produced by
the Norwegian natural broadcaster and presumably has gone through certain quality
assurance procedures. Moreover, all the participants listened to the same content and
there would thus be no bias across the two groups.

In hindsight it would have been relevant to probe the participants preferred playback
speed. Preferred playback speed is highly personal and depends on factors such as
listening context and training in listening to fast audio.

7 Conclusion

A study exploring audio lecture playback speed on learning was reported. The results
showed that audio content played back at double speed led to reduced recall rate dur-
ing a multiple-choice post-test. The results thus confirm our hypothesis that playback
speed affects learning. These results may have implications for teachers who deliver
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pre-recorded audio or video lecture material. In this between groups experiment the par-
ticipants had to listen to the audio in the designated speed category. In a real pedagogical
setting the student will have a choice of speeding the audio or not, with the default
being normal playback speed. Students who are more comfortable with speeding up the
playback speed may do so permanently or during parts of a recording. However, it is
likely that this may compromise comprehension and the students should be made aware
of this. On the other hand, speeding up the content may help retain students’ interest in
the topic. It may be worthwhile to compromise the comprehension of some details, as it
is probably better to have some learning outcome than no learning outcome. In any case,
the freedom for students to choose their preferred playback speed is most likely a benefit
to the learning process. Teachers should take explicit steps to ensure that students are
aware of such functionality. This study did not address the degree with which students
are aware of playback speed controls. Future work could explore students’ perceptions
of, and experience with, such speed control mechanisms. Another avenue of exploration
is playback speed of videos where audio stimuli are accompanied by visual stimuli, both
in textual format and as teachers’ facial cues and gesticulations [30].
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Abstract. Health instruction assembles students’ information, abilities, and pos-
itive perspectives about wellbeing. However, 40% of the children in Pakistan
are visually impaired and 38% have some cognitive disability due to malnutri-
tion and poor hygiene practices. Despite COVID-19 putting the focus on the
significance of hand cleanliness to forestall the spread of illness, reports from
different countries have shown that the hand hygiene compliance rate has been
estimated at only 40%. Using a Universal Design of Learning (UDL) approach,
this research developed and produced aUDL compliant interactive android e-book
that teaches young minds about the importance of staying clean and sanitization,
especially to those learners who respond better when materials are paired with
lights, sounds and/or movement. The scripting, story layout, design, and devel-
opment were implemented using the seven stages of action and Nielson’s design
heuristics. Drawing upon the cyclic process of developing prototypes and then
learners providing feedback upon each version, this e-book was designed to opti-
mize learning by minimizing the cognitive load on the learners, providing ease
for learners with visual or cognitive learning disabilities. Results showed that the
visually challenged learners responded well to the minimal design interface and
graphics.Major impact of the researchwas students developing the habits of hand-
washing and following healthy morning routines, as indicated in the interviews
and surveys conducted from the learners.

Keywords: Universal design of learning · UDL · Health · Hygiene · Interactive ·
E-book · Visually impaired · Hand washing ·Morning routine · COVID-19

1 Introduction

Instructing young children about good habits regarding personal health and hygiene is
critically important as a lot of life-long habits form in the early life stages [1]. This
research is aimed at creating and designing an interactive e-book that helps learners in
developing the personal hygiene habits via a gamified, storytelling method. It is targeted
for young learners within the age range of 3 to 5 years who have some visual difficulties
and visually attend better when materials are paired with light, movement and/or sound.
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1.1 Literature Survey

To identify the research gap, a comprehensive study was carried out to investigate the
problem under study and the current relevant work on health and hygiene practices.

Significance of Hygiene Awareness and Sanitation Practices. Health instruction
assembles students’ information, abilities, and positive perspectives about wellbeing. It
instructs about physical, mental, emotional, and social wellbeing and inspires students
to improve and sustain their wellbeing, preempt infection, and decrease unsafe prac-
tices, while likewise advancing learning in different subjects [2]. Studies from CDC [3]
have shown that the reading and math scores of students who received extensive health
instruction were effectively better than the individuals who did not. Healthy students
have higher participation, have better assessments, and perform better on tests.

Despite COVID-19 putting the focus on the significance of hand cleanliness to fore-
stall the spread of illness, three billion individuals around the world, including count-
less school-going children, do not have access to hand washing amenities with soap
[4]. Moreover, individuals living in provincial regions, metropolitan ghettos, disaster
inclined regions, and low-income countries are the most powerless and the most affected
[5]. According to a situational analysis of children in Pakistan, 44% of the children under
5 years of age are stunted, of which an alarming 52% are physically deficit, 40% are
visually impaired and 38% have some cognitive learning disability due to malnutrition,
insufficient maternal, infant, and neonatal health care, immunization, and poor sanitary
practices [6].

Multiple reports from different countries amidst the onset of the Covid-19 pandemic
have shown that the hand hygiene compliance rate has been estimated at only 40% [7],
while the rate of adherence in critical care units is only 46.25% [8]. Although this is
a simple and lifesaving task, it is not, regrettably, always undertaken [9]. The current
pandemic has made handwashing the focus of attention. The next practical research
works should make sure that this continues [10].

Hygiene Awareness Through Digital Game-Based Learning & Storytelling.
Although the significance and potential outcomes of hand washing have been reported in
all the studies cited, it is also reported that a very small percentage of people follow these
good hygiene practices, especially in developing countries [11, 12]. Hence, a developing
country like Pakistan needs to double down on its endeavors in advancing health and
hygiene awareness and effectively executing United Nations’ Sustainable Development
Goal (SDG) 3 and 6 identified with wellbeing and WASH, respectively.

To guarantee better advancement, a methodology known as game-based learning can
be used. Kebritchi and Hirumi [13] surveyed various papers and games and referred to
the connection between students’ inspiration and computerized game-based learning.
However, they did not address the connection between computerized game-based learn-
ing and hygiene games, and specifically their importance in developing countries. Hence,
to reinforce the advancement on SDG 3 (health) in Pakistan, imaginative methodologies
like game-based learning are the need of today as the focal point of focused case studies.
Kostkova et al. [14, 15] featured and stressed the potential of hygiene games by intro-
ducing the investigation on e-Bug games that spotlight hand and respiratory hygiene
and microorganisms for junior and senior school students. The authors concluded that
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the game taught the basics of hand and respiratory hygiene. However, this research did
not establish how much actual learning was accomplished after playing the game as
learners did have some pre-requisite knowledge about this theme. In another research,
Soler et al. [16] explored the design and evaluation of Molarcropolis, a mobile game
that uses persuasive techniques to raise oral health and dental hygiene awareness in ado-
lescents. While the research showed clear implications for effectiveness in the long run,
it was targeted at 14–25 year-olds and did not conclude any real impact on the habits
of the targeted audience. Molner et al. [17] developed a mobile game ‘Edugames4all
MicrobeQuest!’ targeted at 9–12 year-olds that creates awareness about important health
issues and teaches microbiology. However, this gamewas not developed with a universal
design approach, and the results showed that the younger audience of the spectrum got
tired of reading the text/instructions. Therefore, it is important to do research on and
develop games (targeting this topic) that deploy a universal design for better engagement,
representation and providing multiple means of action and expression.

Significance of Current Study. As Piagetian theory of cognitive development states,
children start learning from the moment they are born [1] and key to their emotional
and physical development is health and hygiene. Considering the risk at which children
under the age of 7 are, the aim of this research is to develop this mobile application
for learners with low vision in the range of 3–5 years, particularly students with visual
difficulties, and to educate them on the importance of health and hygiene to ensure that
every child inculcates healthy habits in their lifestyle.

There are some similar paid and free versions of ‘Read to Me’ story apps available
to download on the iPad. Some examples include: an interactive UDL friendly book
‘Big Cat in the Garden Story Creator’ [18]; ‘Hop on Pop’ [19] with read-to-me, text
highlighting and automatic page turning features; ‘The Monster at the End of This
Book’ [20] with an interactive gamified story-telling approach; ‘One Fish, Two Fish’
[21]; ‘Foot Book’ [22]; ‘The Boy Giant’ [23] and ‘The Smelly Sprout’ [24].

Only 12.5% of the world’s population can afford an iPad/iPhone while 86.8% of
global smartphone users have Android devices [25]. Considering that this application
is being designed specifically for Pakistani children, it will be designed on the Android
platform using an interactive storytelling format to accommodate the learners facing
visual difficulties.

2 Methodology

This section highlights design process of our interactive e-book and the underlying
research methodology, data collection tools and analysis to get learners’ feedback.

2.1 E-Book Design and Development

The design of this e-book was guided by Universal Design of Learning (UDL) approach
[26] and Neilson’s Design Heuristics [27].
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UDL Guided Design. To account for the variability in the learning needs of diverse
learners, UDL guidelines and checklists were used for the design of the application [28].
Using these guidelines and checklists, the interactive e-book was developed to ensure
its inclusivity and options for variability for multiple types of learners, as summarized
in Table 1.

Table 1. UDL guided design of e-book

Guideline Checkpoint Example

Engagement Recruiting interest Relevant to every learner; fast or
slow. Especially helpful for low
vision students. Distractions
(animations) were minimized

Sustaining effort & persistence Goal-directed; clear and easily
understandable

Self-regulation Promotes healthy expectations from
every learner

Representation Perception For visual learners, audio with text
on the screen is provided; for
auditory learners, narration of story
and instructions are available as well

Language & Symbols Simple and clear vocabulary is used.
More languages can be added to
make it inclusive

Comprehension Provides a connection by
highlighting the importance of a
healthy morning routine

Action & Expression Physical action Utilizes a touch-based system,
provides haptic feedback. Playable
on any Android phone or tablet
(version 4.0.0/above)

Expression & Communication Multiple kids following the same
routine in the story encourage all
kids to follow

Executive
functions

Learners reflect upon routine(s) they
are following; and new things they
can add in their morning routine or
improve upon

Neilson’s Design Heuristics. This interactive e-book was designed, developed, and
produced in multiple stages based on Nielson’s design heuristics [29], see Fig. 1.
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Fig. 1. The e-book design, development & production process

Scripting and Story Layout. First up was the scripting stage, which involved creating
the characters, their narratives, and the story progression. Once the characters were
developed, the layout of the story was created, and health and hygiene elements were
incorporated into it.

Graphic Designing and Voiceovers. Using Canva and Adobe Photoshop, the charac-
ters and story setting were created, see Fig. 2. Then, voice actors were used to record
voiceovers for the characters and the music was licensed from Electronic Arts (EA).

Fig. 2. Graphical design of e-book on Canva & Adobe

Interface Design and Gameplay Development. UsingMIT app inventor, the application
interface and story elements were coded. The development of the e-book was initially
planned to utilize the Kotobee Author application [30]. However, the production of the
e-book on Kotobee proved to be difficult as Kotobee is a paid service and it allowed only
three application builds for the free version. Since the development of any application
requires production of multiple test files, the option of using Kotobee was complex, time
consuming, and cost prohibitive. Hence, the development and production plan changed
to using MIT app inventor [31]; a free online tool that utilizes block-coding to create
Android applications (code available online [32]).

Final Product. An e-book application with an interactive UDL design, with a main
screen, settings’ screen, five story/gameplay screens and three interactive question
screens, see Fig. 3. Additional resources including demo video of the final product
are available online [33].
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Fig. 3. Glimpse of the final product

Testing andEvaluation. The e-book applicationwas created and tested using the android
emulator, visual studio, and a wireless internet connection on a phone. The application
was tested multiple times using real-time processing to see the changes taking effect.
The final beta version was evaluated on an honor 8x android phone.

2.2 Research Methodology

To collect the learners’ feedback and rich explanations with their experience using
the application, qualitative research was conducted for recording their comprehensive
responses [34].

Research Participants. The focus group participants for the analysis of the prototypes
were chosen via convenient and voluntary response sampling [35]. Initial surveys were
conducted to select participants for the target groupwhich involved learners whowere 3–
5 years old and had some visual impairment(s). The reason for focusing on this specific
age group was because of the risk for health issues at which the children in this age
group are – especially in Pakistan, as the literature survey indicates [6]. Since children
in this age group learn through emulation of the actions of their peers and environmental
contacts, they inculcate habits and from their teachers, classmates, and family, which
becomes an essential part of their lives [36]. This survey was for the parents/guardians of
the prospective target group in which they were asked to fill in the form if they had kids
meeting research participants’ requirements (3–5 years old and diagnosed with a visual
impairment). Through these surveys, a focus group of 10 was chosen in accordance with
privacy, willingness, and consent. To eliminate bias in the study, only the participant’s
age and visual impairment were factored into account. Other factors related to gender,
education, financial background, race, ethnicity, religion, political views, and personal
beliefs were disregarded.

2.3 Data Collection Tools and Analysis

To collect learners’ feedback on their interactive experiences with the developed applica-
tion, online focus group surveys and one-on-one semi-structured video interviews were
employed as central data collection methods (see Table 2). Throughout the study, data
was collected online due to the restrictions imposed by the pandemic. Research ethics
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were given the priority, and supervisors of the participants were asked about informed
consent to avoid any misunderstandings or possible risk [37].

Ten focus group surveys and five one-on-one video interviews with children were
conducted. The data was collected using video conferencing tools: MS Teams & Zoom
(for the interviews), Google forms (for the surveys) were used, and responses were
stored and analyzed using MS Excel. Analysis involved a review of videos, surveys, and
transcribed records of the interviews to assess the quality of interactions of the learners
with the application [38].

Table 2. Summary of data collection tools and analysis

Participants group Number of
participants

Analysis techniques Conduct/design

Focus group
application use

10 Retrospective testing
online

Online (audio, video),
screen recording

Focus group
questionnaire

10 MS excel Google forms

One-on-one
semi-structured
interviews

5 Audio-visual
recordings/Interviews
(online)

MS teams
Zoom

There were two sessions conducted with each of the ten participants.

Session 1. In the first session, we employed two techniques to collect data from the
participants. First, their interaction with the application was recordedwith amic and face
camera with the learner’s consent. Secondly, an online survey questionnaire (available
online at [39]), was used that participant had to fill out after using the application.

Session 2. The second session was a semi-structured online interview to which only
half of the focus group consented. The interview lasted approximately 20 min and was
conductedwith retrospective testing techniques [40], where the learners were questioned
on their interactive e-book experiences, their actions, and the thought processes behind
them.

The interviews were transcribed, and a deductive thematic analysis [41] was con-
ducted to identify key elements from the interviews. This involved coding all the data
before identifying and reviewing four key themes. Each theme was examined to gain an
understanding of participants’ perceptions and motivations.

3 Results

The results from the participant usage of the 10 focus group surveys and the 5 one-on-one
interviews are discussed here.
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3.1 Focus Group Surveys

The results from the focus group surveys were stored and analyzed usingMS Excel. The
surveyswere divided into two parts. The first part was the experiencewith the application
itself that was recordedwith amic and face camerawith the learner’s consent. The results
of the first analysis are shown in Table 3.

Table 3. Results of the application testing.

Participant Age Total time
taken
(~minutes)

Face-cam Audio Visual difficulty

One 3 10 On On Low visual acuity

Two 3 9 On On Low visual acuity

Three 3 9 On On Low visual acuity

Four 4 10 Off On Low visual acuity

Five 4 7 On On Low visual acuity

Six 4 7 Off On Low visual acuity

Seven 5 8 On On Dyslexia

Eight 5 3 On On Low visual acuity

Nine 5 4 On On Low visual acuity

Ten 5 3 On On Loss of peripheral vision

The second part of the focus group surveys was filling out the questionnaire after
using the application. The learners were allowed to fill this out under supervision if help
was required. The results of the questionnaire were recorded and stored in MS Excel
(detailed responses available online [42]).

The results of the questionnaire and surveys showed that most of the learners enjoyed
the interactive e-book experience. The youngest age group took the longest to finish the
entire story, and the oldest age group finished the fastest except for learner 7. Upon
analysis, we found out that learner 7 was a student who faced difficulties due to dyslexia
as they required extra time to parse the direction of text in the interactive activity. Learner
4 had the severest case of low visual acuity (hazy vision) and required the most time
out of everyone in that age group. Learner 10, despite having loss of peripheral vision,
finished the fastest (due to having intact central vision, despite being unable to see below
eye level). Learners 1–3, 5, 6, 8 and 9 had near visual acuity within the range of N.40 to
N.80 at 25cm [43, 44].

It was quite surprising to note that only two of the learners turned off the cameras.
This showed that most of the students were quite engaged in the story book and were
actively interacting and participating in the study.
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The results of the questionnaire showed that all the learners found the e-book interface
easy to use. The instructions were simple for them to understand, with the verbal pacing
at a comfortable level. However, some of them found the accent of the verbal instructions
slightly difficult to comprehend due to not being native English speakers. The e-book
text was also clearly visible for almost all the learners, except for learner 4 and 7. All of
them responded positively about the e-book’s graphics, background music and the story
progression. Learner 7, however, had moderate difficulties with the graphics, colors,
the on-screen text, and level of background music (due to dyslexia). Also, most of the
learners finished the questionnaire without adult intervention. This shows that the UDL
compliant e-book developed in the study optimized relevance (age-relevant content).

3.2 One-on-One Interviews

The one-on-one interviews were conducted with only five of the 10 original participants
as only half of them expressed consent and willingness to participate in interviews. The
interviews were audio-visually recorded and discussed recorded application testing with
the learners. Learners were questioned on why they performed certain actions and what
was their thought process while interacting with the e-book (e.g., opinion about interface
design). From the interviews, four key thematic elements were deduced and coded.

Thematic Element One: Interface Design. Since the targeted audience was learners
with visual impairments, specifically low vision, they were satisfied with the minimal
interface design. An initial prototype implemented animations into the interface design.
However, based on the learners’ testing and suggestions, they were removed due to
increased cognitive load. It is in accordance with the research [45] which suggests that
some learners have cognitive difficulties with their visual impairments, and they cannot
handle splitting their attention between too many competing elements like animations.
One of the learners with severe near visual acuity said: “I cannot enjoy cartoons because
of the movement and voices, but I could easily read this e-book because the characters
were stationary”. Another learner with dyslexia commented: “The simple interface and
directions helped me follow the story without having to worry all the time about [which]
buttons to press”. This principle aligned with Nielson’s Seven Principles of interface
design [29].

Thematic Element Two: Graphic Design. In this study, the choice of graphic design
was complex and posed various challenges. Since the target learners were catered for
their low visual acuities (among other visual impairments), the design had to be simple,
but also colorful because children respond better to bright and vivid colors and images.
The learners were very satisfied with the graphics used. Most of them enjoyed the
bright colors and patterns as well. A learner said: “I really liked the colorful rooms and
characters in the story. Colors and pictures help me learn faster and understand what is
being said.” A few exceptions were there who answered that the colors were too ‘loud’
for them. They felt that the graphics were distracting them from the main point of the
story. The learner with dyslexia commented: “The graphics were too bright and colorful,
and it was like they were shouting loudly at me, ‘look at me!’, which made it difficult
to follow the narration of the story simultaneously.”
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Thematic Element Three: Alternatives to Visual Design. Audio instructions and
audio & haptic feedback was provided to the learners. All of them, especially the ones
with low peripheral vision answered that it helped them out a lot. A learner said: “The
vibrations helped me a lot. I knew I had pressed the correct interaction on the screen
when I felt the vibrations.” Learners respond well to auditory/haptic stimulus when
their visual senses are dulled [16]. This played a key factor in determining the total
playback time of the individual learners (separate from the age factor). Another learner
said: “The verbal instructions helped me focus on the story without worrying about
reading the text correctly. I could focus on the characters and answering the questions
easily.” However, the learners expressed that all instructions, including the options for
the interactive questions, should have been audibly presented. The learner with severe
near visual acuity commented: “I cannot read anything clearly because of the hazy vision.
It would help me more if the answer options were verbally instructed as well.”

Thematic Element Four: Thematic Design (Health & Hygiene). The theme of the
e-book, health & hygiene, was clearly apparent from the title page of the e-book. One
learner said: “I liked the title page. It showed pictures of what I do every morning after
I wake up. I follow a healthy routine!” They related to the routine that they themselves
follow every morning. Another learner said: “I understood that Kayla was going to talk
about healthy habits like brushing teeth, washing hands, etc., with her friends.”

Some learners were even encouraged to inculcate the habit of having a healthy
breakfast every morning and question the validity of health in their existing routines,
and explicitly expressed so in the interviews. One learner commented: “I eat chips for
breakfast every morning. But I saw [Sam] enjoying his cereal. Are chips not healthy? I
will also have an apple in the morning now.” Another learner was encouraged to share
the healthy habits with others as well and commented: “My [little] sister cries every
morning before going to school. I will read this book to her, and it will make her happy
too!”.

4 Conclusions

In this study, we discussed the importance of health and hygiene, particularly highlighted
for a post-pandemic learning scenario by designing an interactive, UDL compliant e-
book on health and hygiene practices. This interactive e-book catered to learners who
have visual impairment(s) including low visual acuity, dyslexia, and loss of peripheral
vision. Due to technical and time constraints, the sample size of the study was kept
small to ensure that the quality of study is not compromised. However, even amidst
these challenges, the study was able to produce some key results and outcomes [46].
The interactive experiences engaged learners on multiple levels of interest, by providing
variability in the design of the e-book. This study concludes that information about
important topics, such as health and hygiene, can be inculcated into the minds of young
learners by utilizing techniques like game-based learning and digital storytelling for
better motivation and expediency. Moreover, if learners are provided a rationale and
modelling for these behaviors, they are inspired to learn even better. This interactive
e-book will help teachers, schools, and parents to guide kids about importance of health
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and hygiene. Based on the positive feedback and interactive experiences of students,
more chapters like importance of physical exercise and healthy lifestyle will be added
in this e-book in the future study while improving the interface design and gameplay.
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Abstract. In recent years, many institutions have pointed out that software devel-
opments are important to nations, societies, and individuals. However, to develop
quality software, students should not only possess programming skills, but also
have to apply the knowledge and skills of software engineering. This entails the
importance of software engineering education. Currently, most software engi-
neering courses were conducted using the traditional teaching strategy. Most
students can only recite and understand the pertinent knowledge with concern-
ing software engineering after learning. As mentioned above, this study adopts a
learner-centered pedagogy, named flipped classroom, to improve software engi-
neering education. Moreover, in order to promote students’ learning performance
before the class in flipped classrooms, this study applies an e-book system, named
BookRoll. By using the e-book system, students can learn at anytime and any-
where before the class. Simultaneously, their reading behaviors may be recorded
by the system. Teachers can facilitate the student discussions and interactions with
peers in the class by capturing and analyzing student reading status and further
enhancing their learning performance. To explore students’ learning performance
in software engineering courses, students from two classes were invited to learn
with different learning approaches (flipped learning approach and flipped learning
with e-book system approach). The experimental results showed that the students
who learnedwith the proposed approach outperformed those students who learned
with traditional flipped learning approach.

Keywords: E-book · Software engineering · Flipped classroom · Learning
performance

1 Introduction

Developing software with good infrastructure and robustness is not just a matter of stu-
dents having programming andwriting skills. Thus, students need to enhance knowledge
and technology skills for software project development [1]. In other words, students have
to learn how to use a scientific approach to define the criteria, methods, and procedures
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required in the software development process so that they may efficiently develop robust
software that meets the requirements of users. This also shows how important software
engineering education is to students.

The ideal way to teach software engineering courses is to perform proper theoretical
teaching, practical operations, and teacher-student interactions in a student-centered
manner. However, in view of the constraints of the semester, most teachers can only
use traditional classroom teaching strategies to teach theory in a unidirectional fashion
[2]. Consequently, most students may not recall and understand the relevant knowledge
after participating in the software engineering courses [3]. In other words, the students
may not have the high-level reasoning capacity to use the knowledge gained in software
engineering courses to solve practical problems.

In light of the above, the flipped classroom is an appropriate teaching strategy to
support the teaching of software engineering. The flipped classroom is a student-centered
learning strategy that aims to flip the learning activities inside and outside the classroom
into a traditional classroom. In recent years, there have been several studies on the flipped
classroom, and the results point out that the positive impacts of the flipped classroom on
teachers and students at various educational levels and subjects [4, 5]. However, in order
to successfully implement the flipped classroom strategy in courses, the effectiveness
of student learning performance before the classroom becomes the key to effective
instructional activities by teachers and students in the classroom [6].

As noted above, this study applied the flipped classroom teaching strategy to support
software engineering courses. In order to promote the learning model, an e-book system,
named BookRoll, was used to assist students in reading learning materials before the
class. Moreover, an experiment was conducted to evaluate the effects of the proposed
approach on students’ learning performance in software engineering courses.

2 Literature Review

2.1 Software Engineering Education

In general, most software engineering courses are conducted by the teacher’s lectures.
Others are combined with practical software operations in the computer classroom [3].
However, regardless of the type of teaching method, it is mostly a teacher-centered
teaching method, and most students always passively receive knowledge. Therefore,
students may be unable to apply the software engineering knowledge in practical situa-
tions, and they may not be able to effectively apply what they have learned to address
related problems going forward. In addition, literatures stated that software engineering
courses should attach importance to students’ discussion and thinking on practical cases,
and create a student-centered learning environment to train students how to apply soft-
ware engineering technology to solve problems in the software development life cycle
[7–9]. Furthermore, with the help of external media, such as technology and digital
resources, students can more efficiently acquire the ability to resolve software engineer-
ing problems, so that they can achieve the main goal of software engineering education
[3, 10].
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2.2 Flipped Classroom

Contrary to the learning activities in traditional classrooms, flipped classroom reverses
the learning activities in and out of class in traditional classrooms. In the flipped class-
room, teachers’ lectures in class are replaced by videos or other multimedia resources,
so that students can learn the materials outside the classroom. As a result, limited class
time can be released and used for conducting practice, discussion, and problem solving
activities. In this way, students are able to interact with teachers and their peers during
class hours to stimulate critical thinking, problem solving skills, social cooperation and
practical innovation [11, 12].

A key issue in the development of the flipped classroom is the effectiveness of
student learning outside the classroom, which influences the status of teachers and stu-
dents in classroom instructional activities [13]. In the out-of-class learning environment,
students may not be able to fully comprehend whether their individual learning effec-
tiveness has reached the level required for classroom instructional activities. This may
prevent students from participating in instructional activities due to lack of sufficient
prior knowledge when participating in classroom instructional activities [14].

2.3 E-Book

In recent years, with the popularity of reading technology, it has become a trend to
use various devices (desktop, laptop, smart phones, or tablets) to carry and operate
digital resources. E-books have also become one of the representative digital resources
in the mobile generation [14]. The development of e-books shows the advantages of
combining paper-books with computer technology, such as rich multimedia resources,
multiple interactive mechanisms, convenient annotation functions, non-linear reading,
and personalized analysis services.

Several studies have explored the influence of e-books integrated into teaching activ-
ities on students’ learning performance. Korat [16] explored the impact of e-books on the
language learning and literacy abilities of Israeli kindergarten and first grade children.
The results of the study indicated that children who read e-books showed better literacy
and reading skills. Li, Fan, Huang, & Chen [17] developed an e-book reading system
that can effectively improve readers’ reading effectiveness through the reading guide
module and note reading. Liang & Huang [18] applied reading rate tracking technology
to collect reading rate data for 24 sixth grade primary school students. The results of
the analysis found that compared with paper-books, e-books can facilitate the students
to capture the information in the books.

3 BookRoll E-Book System

This study applied flipped learning strategy to support software engineering courses. In
order to promote the learning process, an e-book system, named BookRoll, was used to
support students to read digital learning materials before the class. The BookRoll system
is a web application that enable teachers and students to use it through web browsers.
Students can use the system to read learning materials out of class for learning software
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Fig. 1. BookRoll reading interface for students.

engineering prior knowledge, as show in Fig. 1. Moreover, teachers can use the system
to obtain students’ learning status and reading behaviors.

When students use the system to read learning materials, the system provides several
functions such as bookmark function, highlight function, question mark function, note
function, and search function to assist students in reading, as show in Fig. 2. At the same
time, the system can automatically record students’ reading behaviors, including reading
time, reading completion, highlighting content, question mark content, and note content.
In addition, the system provides a dashboard function for teachers to efficiently capture
the reading status of students, including an overview of the status of all participating
students, an overview of the reading status of individual students, real-time reading
status, marker status, and so on, as show in Fig. 3.

Fig. 2. BookRoll reading functions.
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Fig. 3. BookRoll reading behavior dashboard.

4 Experiment

In order to evaluate the effects of the proposed learning approach for students participat-
ing in software engineering courses, a quasi-experimental was conducted in university
software engineering courses. The duration of the experiment was 10 weeks (25 h). A
total of 64 university students and an instructor participated in the study. The experi-
mental group consisted of 37 students. The control group consisted of 27 students. The
experimental group was supported by the flipped classroom learning approach with the
e-book system to conduct the course. The control group was supported by the flipped
classroom learning approach without the e-book system to conduct the course.

To evaluate the effectiveness of the proposed approach, various data sources were
analyzed, including a prior knowledge test, a learning achievement test, and a learning
motivation questionnaire results. The prior knowledge test was designed to assess the
students’ knowledge level with regard to software engineering before participating in the
courses. The learning achievement test was designed to evaluate the students’ learning
results after the conclusion of the courses. The above two tests included 10 single-choice
test items, and the maximum score was 100 points.

To measure students’ goals and beliefs about the importance and interest of the
teaching activities in the courses, the learning motivation questionnaire was used from
the intrinsic scale ofMotivated Strategies for Learning Questionnaire (MSLQ) [19]. The
learningmotivation questionnaire consisted of nine itemswith a seven-point Likert scale.
For all students participated in this experiment, the pre-test and post-test Cronbach’s
alpha values of the learningmotivation questionnaire were 0.919 and 0.948, respectively.

Before the formal course, students in the experimental group and control group were
asked to take two pre-tests. Onewas the learningmotivation questionnaire tomeasure the
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initial learning motivation. The other was the prior knowledge test to assess whether the
students in the twogroups had equal knowledge levelwith regard to software engineering.
In addition, the instructor spent 30 min explaining the learning approaches adopted by
each of the two groups, respectively. Additionally, the students in the experimental group
obtained an additional 20min of instructionwith regard to the operations of the proposed
system.

During the course, the instructor asked the students of the two groups to look at
the lecture slides and videos to learn the relevant concepts of the subject outside the
classroom. For this reason, this study planed 61 instructional videos, each about 5 to
8 min, and 10 slides for students to watch and learn anytime. Additionally, students in
the experimental group were able to use the e-book system to read the slides outside
the classroom. During class time, the instructor assigned case studies, discussions, and
practice exercises to facilitate students’ integration into teaching activities to promote
their learning.

After completing the learning activities, the students from both groups received two
post-tests, the learning motivation questionnaire and the learning achievement test, to
complete the experiment conducted in this study.

5 Results

5.1 Analysis of Learning Achievement

A one-way independent sample analysis of covariance (ANCOVA) was used as the
analysis method of learning achievement test results to exclude the difference between
the prior knowledge of the two groups. Define the learning achievement test score as
dependent variable and the prior knowledge test score as covariate.

The result confirmed the homogeneity of the regression coefficient (F = 1038, p >

.05). The adjusted means and standard deviations were 88.99 and 2.33 for the experi-
mental group and 77.09 and 2.84 for the control group. The results of the analysis indi-
cated that there was a statistically significant difference between the adjusted learning
achievement test scores (F(1,61) = 10.431, p = 0.002 < 0.05). Moreover, the learn-
ing achievement of the experimental group was significantly higher than that of the
control group. The results revealed that the proposed approach was more beneficial to
students’ learning achievement than the traditional flipped classroom learning approach
in software engineering courses.

5.2 Analysis of Learning Motivation

To measure the effect of the proposed approach on students’ learning motivation in
software engineering courses. The one-way independent sample analysis of covariance
(ANCOVA)was used as the analysis method of learningmotivation questionnaire results
to exclude the difference between the pretest of the learningmotivation of the two groups.
Define the post-test score of the learning motivation as dependent variable and the pre-
test score as covariate. The result confirmed the homogeneity of the regression coefficient
(F = 1.127, p = 0.293 > 0.05). The adjusted means and standard deviations were 6.07
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and 0.12 for the experimental group and 5.66 and 0.15 for the control group. The results
of the analysis indicated that there was a statistically significant difference between the
adjusted learning motivation scores (F(1,61)= 4.140, p= 0.046< 0.05). Moreover, the
learning motivation of the experimental group was significantly higher than that of the
control group. The results revealed that the proposed approach was more beneficial to
students’ learning motivation than the traditional flipped classroom learning approach
in software engineering courses.

6 Conclusions

This study adopts the student-centered learning approach “flipped classroom” as the
pedagogy and applies an e-book system in university software engineering courses. For
students, they can view the videos recorded by the instructor during their learning activ-
ity outside the classroom, and use the e-book system to learn the slides produced by
the instructor. For instructors, adopting the e-book system in the flipped classroom is
a useful way to capture students’ reading behaviors towards the slides, so that instruc-
tors can understand students’ learning process through their reading behaviors. Based
on this, instructors can design teaching activities to facilitate discussion and interac-
tion between students, peers, and teachers in the classroom. The results indicated that
the proposed approach was efficient in improving students’ learning achievement and
learning motivation in software engineering courses.

Overall, the primary contribution of this study is to advance the instruction of soft-
ware engineering courses. However, the limitations of this study are that the scale of the
experiment is insufficient and a random selection of participants is not used for the study.
In addition, experimental groups with different conditions will be planned to conduct
the courses in order to cover more samples and provide more analytical results. In the
future, this study will conduct more multiple and in-depth analyses of reading behaviors
for high learning motivation, low learning motivation, high learning achievement, and
low learning achievement in order to investigate the impact of the proposed approach
on various types of students.
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Abstract. This study determined the effectiveness of an onlinemultimedia social-
emotional learning (SEL) course through quantitative analyses (with respect to
interaction, trust attachment, competitive hostility, and conflict dominance) and
qualitative interviews. In total, 17 fourth-grade students from the same class par-
ticipated. Their data were analyzed using nonparametric tests in SPSS 22.0, and
the children were interviewed about how they regulated their emotions and inter-
acted with their peers. According to the quantitative results, after the SEL course,
students exhibited improvement in the positive aspects of their interpersonal rela-
tionships (with respect to interaction and trust attachment) but not the negative
aspects (with respect to competitive hostility and conflict dominance). The inter-
views indicated that the students were more emotionally aware and had better
relationships with their peers after the SEL course. In general, the results indicate
the effectiveness of online multimedia SEL courses.

Keywords: Online multimedia course · Self-regulation · Social Emotional
Learning · E-learning

1 Introduction

Social-emotional learning (SEL) is a process that involves the student’s knowledge, atti-
tudes, and skills; the aim in SEL is for the student to be able to manage their emotions,
feel and demonstrate empathy toward others, establish and maintain supportive rela-
tionships, and achieve personal and collective goals. The Collaborative for Academic,
Social, and Emotional Learning (CASEL) identifies five core competencies that SEL
must develop [1]:

1. Self-awareness: The ability to understand one’s own emotions, thoughts, and values
and how they influence behavior across contexts.

2. Self-management: The ability to manage one’s emotions, thoughts, and behaviors
effectively in different situations and to achieve one’s goals and aspirations.
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3. Social awareness: The ability to understand the perspectives of and empathize with
others, including those from diverse backgrounds, cultures, and contexts.

4. Relationship skills: The ability to establish and maintain healthy and supportive
relationships and to effectively navigate settings involving diverse individuals and
groups.

5. Responsible decision making: The ability to make caring and constructive choices
about how one behaves and interacts with others in a variety of situations.

Fig. 1. CASEL (https://drc.casel.org/what-is-sel%20%20/).

The CASEL action framework also emphasizes that SEL occurs outside the class-
room, in the family and community [2]. Durlak, Weissberg, Dymnicki, Taylor, and
Schellinger [3] reported that relative to students who did not, students who participated
in SEL courses had better academic performance and classroom behavior; were more
capable of managing depression; and had a better attitude toward themselves, others,
and their school. Taylor, Oberle, Durlak, and Weissberg [4] observed that the influ-
ence of SEL lasted long after students had attended classes on the subject. Specifically,
at 18 years after their last SEL course, students who had taken SEL courses learned,
behaved, and handled emotional distress better than their peers who had not; they were
also less likely to abuse drugs.

Digital learning involves using the Internet to help students learn better [5]. E-
learning allows students to freely choose when and where to engage in learning, and it
can be flexibly adapted to any learning plan [6]. Bryant, Campbell, and Kerr [7] demon-
strated that a technology-centric flexible learning course provided an effective learning
environment for students. Dawson, Ven, and Gunter [8] investigated lower-grade stu-
dents with emotional behavior disorder; they found that the students had better reading

https://drc.casel.org/what-is-sel%2520%2520/
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accuracy when reading from a computer and when the teacher read to them than when
reading a physical book on their own. In general, computers helped these children with
emotional behavior disorder learn better and afforded them the convenience to learn
whenever they wished to, without the constraint of a timetable.

Considering the aforementioned context, in the present study, we evaluated how
much an online multimedia teaching program improved self-regulation in children as
part of SEL.

2 Method

In this study, we used two TV programs, “When We Are Together” [9] and “Children
Together+” [10] from Da Ai TV Station in Taiwan, because they helped cultivate the
five SEL competencies, doing so through games and discussion.

2.1 Participants

This study’s participants were 17 fourth-grade students (5 boys and 12 girls, mean age=
10 years). They were in the same class and were enrolled in a music class for musically
talented students.

2.2 Procedure

The study implemented a 40-min online multimedia SEL course over 8 weeks. In the
course, students viewed videos online and teachers discussed with students about how
to manage emotions.

3 Measurement

This study administered the Peer Adaptation Scale [11] before and after the 8-week
course to analyze the effectiveness of the SEL course. The scale has 43 items over two
dimensions: the positive relationship dimension, comprising the subscales interaction
and trust attachment, and the negative relationship dimension, comprising the subscales
competitive hostility and conflict dominance (four subscales in total).

4 Result

4.1 Quantitative Analysis

In this study, nonparametric tests were conducted to compare the pretest and posttest
results with respect to the four subscales and two dimensions. The means and standard
deviations of the data are reported in Table 1.
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Table 1. Descriptive statistics of pretest and posttest results for the peer adaptation Scale (N =
17)

Subscale Pretest M(SD) Posttest M(SD) Z-value

Interaction
Trust attachment
Positive relationship

41.94(6.35)
39.18(5.74)
80.18(11.93)

45.00(4.34)
42.00(5.40)
87.00(9.37)

−2.01*
−2.16*
−2.36*

Competitive hostility
Conflict dominance
Negative relationship

20.24(5.37)
16.88(3.52)
37.12(8.14)

20.35(5.44)
16.18(4.52)
36.53(8.47)

−0.23
−0.63
−0.06

* p < .05, ** p < .01

With respect to the subscales, students obtained higher scores for the interaction
subscale at the posttest (mean [M] = 45.00, standard deviation [SD] = 4.34) than at
the pretest (M = 41.84, SD = 6.35), and this difference was also present in a test of
interaction (Z = − 2.01, p = 0.45). Similarly, students obtained higher scores for the
trust attachment subscale at the posttest (M = 42.00, SD = 5.40) than at the pretest (M
= 39.18, SD = 5.74); this difference was significant (Z = − 2.16, p= 0.03). However,
the posttest and pretest scores did not significantly differ with respect to the competitive
hostility subscale (posttest: M = 20.35, SD = 5.44; pretest: M = 20.24, SD = 5.37) or
conflict dominance subscale (posttest: M = 16.18, SD = 4.52; pretest: M = 16.88, SD
= 3.52).

With respect to the dimensions, students received higher scores for the positive
relationship dimension at the posttest (M = 87.00, SD = 9.37) than at the pretest (M =
80.18, SD = 11.93); this difference was significant (Z = − 2.36, p= 0.018). However,
the posttest and pretest scores did not significantly differ with respect to the negative
relationship dimension (posttest: M = 36.53, SD = 8.47; pretest: M = 37.12, SD =
8.14).

The Wilcoxon signed-rank test was conducted (Table 2). With respect to the inter-
action subscale, nine (M rank= 7.17) and three (M rank= 4.50) students scored higher
and lower, respectively, at the posttest than at the pretest. Regarding the trust attachment
subscale, 13 (M rank = 9.38) and 4 (M rank = 7.75) students scored higher and lower,
respectively, at the posttest than at the pretest. Thus, with respect to the positive rela-
tionship dimension, 12 (M rank = 9.46) and 4 (M rank = 5.63) students scored higher
and lower at the posttest, respectively, than at the pretest.

With respect to the competitive hostility subscale, eight (M rank= 6.69) and six (M
rank = 8.58) students scored higher and lower, respectively, at the posttest than at the
pretest. Regarding the conflict dominance subscale, nine (M rank = 7.89) and six (M
rank = 8.17) students scored higher and lower, respectively, at the posttest than at the
pretest. Thus, with respect to the negative relationship dimension, eight (M rank= 9.06)
and eight (M rank= 7.94) students scored higher and lower, respectively, at the posttest
than at the pretest.
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Table 2. Wilcoxon signed-rank test (N = 17)

Subscale Ranks N Mean rank Sum of ranks

Interaction Negative ranks 3 4.50 13.50

Positive ranks 9 7.17 64.50

Ties 5

Trust attachment Negative ranks 4 7.75 31.00

Positive ranks 13 9.38 122.00

Ties 0

Positive
relationship

Negative ranks 4 5.63 22.50

Positive ranks 12 9.46 113.50

Ties 1

Competitive hostility Negative ranks 6 8.58 51.50

Positive ranks 8 6.69 53.50

Ties 3

Conflict dominance Negative ranks 6 8.17 49.00

Positive ranks 9 7.89 71.00

Ties 2

Negative
relationship

Negative ranks 8 7.94 63.50

Positive ranks 8 9.06 72.50

Ties 1

4.2 Qualitative Analysis

After they had undergone the online multimedia SEL course, the students were inter-
viewed regarding how they manage their emotions and interact with others. The inter-
view helped students reflect on the differences between various methods of emotional
regulation and approaches to peer interaction.

The students stated the following regarding breathing deeply as a means to calmly
regulate their emotions, which they learned in the SEL course.

– Deep breathing is a good way, because it helps me regulate my emotions. Chatting is
also a good method, because I can forget about bad things. (S01)

– I take a deep breath and calm myself down, and I focus on doing things that I like to
do. (S08)

– When I get angry, I think about it for 6 s before doing something. (S17)
– The students also stated that they interacted more with their peers after attending the
SEL course.

– I learned to use empathy to communicate with my classmates. Being able to empathize
with others makes others feel better, and it also helps me have better interpersonal
relationships. (S03)
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– I learned how to be aware of the emotions of myself and others, which improves my
relationships with others. (S05)

In general, after the SEL course, the students had learned the emotional regulation
technique of deep breathing and felt that they had better interpersonal relationships.

5 Discussion

This study explored the improvements in students’ interpersonal relationships and emo-
tional regulation ability after an online multimedia SEL course. According to the quan-
titative results, the course was associated with an improvement in the positive aspects of
interpersonal relationships (specifically, interaction and trust attachment) but not with
improvement in the negative aspects of interpersonal relationships (specifically, com-
petitive hostility and conflict dominance). We surmise that this lack of improvement was
due to the participants being musically talented students who had weekly music tests
and who played in an orchestra; this resulted in a competitive environment.

According to the qualitative results, the students gradually became more aware of
their emotions during the 8-week course. They acted less on impulse and learned how
to breathe deeply and calm down when agitated. In the class, acts of reciprocal altruism
became more frequent in addition to positive, empathetic interactions overall. Thus, the
results indicate that the online multimedia SEL course is effective.

5.1 Theoretical Implications

This study used a novel, onlinemultimedia approach to SEL courses. An onlinemultime-
dia format enables students to construct ideas and provide feedback. This study focused
on student-centered e-learning and emphasized self-directed emotional regulation and
development.

5.2 Practical Implications

Teachers should adopt online multimedia approaches to SEL, especially considering
how distance learning has become the norm during the COVID-19 pandemic and how
it has the inherent advantages of being accessible anytime and anywhere. The online
multimedia SEL course implemented in this study enhanced the positive aspects of the
students’ interpersonal relationships. However, the courses did not lessen the negative
aspects of the students’ interpersonal relationships. Future studies can devise approaches
to address such an imbalance by, for example, implementing an SEL course over a longer
period.
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Abstract. Information technology is booming, students are no longer just acquir-
ing knowledge through books, and their learning approaches are no longer limited
to traditional lectures or classrooms. In recent years, flipped learning has become a
novel instructional strategy, which allowsmeaningful learning bywatching videos
or reading materials before class in a student-oriented way. However, teachers
cannot confirm whether students can learn new knowledge and concepts through
flipped learning. Therefore, this study aims flipped learning combinedwith forma-
tive assessment to explore whether students can effectively improve their learning
performance in programming. This study designed and recorded videos and devel-
oped an online formative assessment system to provide test items related to APP
Inventor programming. These results show that compared with the control group,
the experimental group can significantly improve their learning performance and
learning progress in programming by combining flipped learning and the online
formative assessment system. In addition, the teacher can examine each student’s
problems in the learning process through the proposed system by this study, and
give them help and guidance in programming.

Keywords: Flipped learning · Formative assessment · Learning performance

1 Introduction

In traditional instructional strategies, most teachers teach students through lectures in
the classroom, so students can only acquire knowledge from books. With the advance-
ment of information technology, e-learning has become one of the sources of acquiring
knowledge for students and they can improve their learning performance through digital
materials and multimedia resources [1, 2]. Some studies combined wearable technolo-
gies with different experimental activities to explore the cognitive load of students in
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the classroom [3–6]. In addition, teachers can combine information technology with the
material to increase students’ learning motivation in the classroom [7, 8]. Compared
with general lectures, students can read massive open educational resources anytime
and anywhere by combining online learning and digital learning tools to enhance their
knowledge and concepts [9].

In higher education, flipped learning has attracted more and more attention [10].
Many researchers inferred that flipped learningwas an instructional strategy to effectively
enhance students’ learning performance [11, 12], and can improve students’ engagement
in the classroom [13]. In addition, combining formative assessment with information
technology in the classroom can improve students’ learning performance [14]. Although
many studies have confirmed that flipped learning and formative assessment can effec-
tively improve students’ learning performance. However, this research investigated that
there are few studies discussing how to combine flipped learning and formative assess-
ment to improve the learning performance of higher education students in programming.
Therefore, this study developed an online formative assessment system and recorded 84
videos as learningmaterials for flipped learning. In addition, this study used the proposed
system to explore whether students can effectively improve their learning performance
in programming.

2 Literature Review

2.1 Flipped Learning

The vigorous development of information technology has become more and more com-
mon for teachers to use digital teaching materials or tools in the classroom. In order to
effectively improve the learningperformanceor engagement of students in the classroom,
researchers have developed many educational applications, multimedia resources, and
online learning platforms to promote the development of flipped learning [13]. Related
to research on flipped learning, Tütüncü and Aksu (2018) pointed out that flipped learn-
ing can effectively improve students’ learning performance in the classroom [15]. Awidi
and Paynter (2019) indicated that teachers can improve students’ learning experience in
the classroom through flipped learning [16].

Flipped learning can not only use multimedia videos as learning materials [11] but
also can use a variety of digital resources or tools for flipped learning, such as game-
based flipped learning approach [17] or MOOC-based flipped learning [18]. In addition,
the learning materials provided by teachers to implement flipped learning should be kept
as simple as possible, and they can also maintain good interaction with students in the
classroom [19]. Although previous studies have proved that flipped learning can help
to improve students’ learning performance [20] and learning motivation [21], flipped
learning also causes other problems. For instance, students need to spend a lot of time
in flipped learning courses, which may increase their workload [22]. Therefore, this
study aims to examine the problems encountered by students in flipped learning with a
formative assessment.
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2.2 Formative Assessment

In traditional assessment methods, teachers can only evaluate students’ learning situa-
tions based on their test scores and homework scores. However, students may encounter
certain problems in the learning process, which may cause students to learn wrong
knowledge and concepts, and teachers cannot immediately solve these problems in the
classroom. Therefore, formative assessment is an assessment method used by teachers to
measure students’ specific topics and skills [23]. Teachers can use formative assessment
to evaluate students’ learning performance on specific topics or units [24]. Many studies
have confirmed that formative assessment can effectively improve students’ learning
performance in the classroom [25–27]. In addition, Elmahdi, Al-Hattami, and Fawzi
(2018) pointed out that teachers’ use of formative assessment in the classroom can help
improve student engagement in the learning process [14].

As stated above, there have been related studies on flipped learning and forma-
tive assessment that have confirmed its effectiveness. However, there are few studies to
explore that the flipped learning combines with formative assessment to improve higher
education student’s learning performance in programming. Therefore, this study pro-
vides videos based on the instructional strategy of flipped learning, so that students can
understand the operation interface of APP Inventor and the functions and concepts of
various programming blocks, and use the online formative assessment system to examine
students’ learning performance.

3 Research Method

This study is based on flipped learning to provide students with videos of the APP
Inventor programming and develops an online formative assessment system to explore
whether this system can improve the learning performance of the students in the exper-
imental group in programming. Therefore, this study designed and recorded 84 videos
as learning materials for flipped learning, and built 111 test items on an online formative
assessment system to provide students in the experimental group for online tests.

3.1 Participants

This study investigated 73 students from the Department of Computer Science and
Information Engineering, all of whom were from a university of science and technology
in southern Taiwan. Among them, 32 were assigned to the experimental group and 41
were assigned to the control group. Before the experiment started, all students had not
participated in the App Inventor course based on flipped learning.
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3.2 Learning Material and Online Formative Assessment System

• Videos of App Inventor Programming based on Flipped Learning

The App Inventor course taught by the teacher has 12 units, and each unit contains a
total of 7 videos. The teacher has recorded a total of 84 videos as learning materials
for flipped learning. In addition, the length of each video varies from 5 to 20 min, and
each video used English as the vocal language. The 7 videos included in each unit are
introduced as follows (X is the unit number, there are 12 units in total):

– Unit X-1 Basic Operation (only demo without subtitles)
– Unit X-2 Advanced Operation (only demo without subtitles)
– Unit X-3 Basic Operation (only subtitles without a demo)
– Unit X-4 Advanced Operation (only subtitles without a demo)
– Unit X-5 Introduction of Basic Operation Block
– Unit X-6 Introduction of Advanced Operation Block
– Unit X-7 Summary of Unit X

Figure 1a andFig. 1b are videos of the actual operationofApp Inventor programming.
Students can learn the relevant components and interfaces of App Inventor through Unit
X-1 and Unit X-2. Since Unit X-1 and Unit X-2 do not show Chinese subtitles, students
can watch the videos with Chinese and English subtitles provided by Unit X-3 and
Unit X-4 (as shown in Fig. 1c) as Unit X-1 and Unit X-2 supplementary materials.
Figure 1d shows the block assembly function of App Inventor. Students can learn the
concepts between App Inventor’s components and code through Unit X-5 and Unit X-6.
In addition, students can review the key content of App Inventor in this unit through
Unit X-7.

Fig. 1. Videos of App Inventor Programming based on flipped learning.
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• Online Formative Assessment System

This study developed an online formative assessment system and released it on the server
to provide students with online tests. The App Inventor course taught by the teacher has
12 units, and these materials are related to the components and objects of App Inventor,
such as Button, CheckBox, Layout, Image, Label, TextBox, etc. In addition, this study
proposed system contains 111 test items, of which Unit 1–6 has a total of 68 items, and
Unit 7–12 has a total of 43 items. This study includes two test types, Unit 1–6 and Unit
7–12, and the test units are designated by the teacher. This system presets 10 test items
each time, and it provides test items in random numbers. Figure 2 shows the example
of test items in the online formative assessment system. Students need to judge whether
the picture in the “Settings” is correct according to the picture in the “Question” and
click the “Yes” or “No” options to submit the answer.

In addition, the test items also include a combination of block assembly functions of
visual programming (as shown inFig. 3). Therefore, students need to learn the knowledge
and concepts of the components andobjects in the videobasedon theflipped learning, and
actually operate the APP Inventor to understand the program results of the components
and object. After the students complete their answers, this system immediately displays
the test results and uploads them to the server. Teachers can also adjust the video of the
course based on the students’ answer records.

Fig. 2. The example of test items for component and object in the online formative assessment
system.
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Fig. 3. The example of test items for block assembly functions in the online formative assessment
system.

3.3 Experimental Process

This study investigated 73 students to implement a 13-week experimental activity.
Figure 4 shows the experimental procedure of this study. Before the experimental activ-
ity, the teacher would introduce the experimental procedure and learning approach to all
students. The two groups of students conducted the pre-test in the first week to measure
their knowledge and concepts in programming. The students in the experimental group
and the students in the control group are based on the instructional strategy of flipped
learning to watch the videos of the App Inventor programming. Students in the two

Fig. 4. The experimental procedure of this study.
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groups watched a video of one unit each week and implemented a total of 12 weeks
of flipped learning. In addition, students in the experimental group can use the online
formative assessment system proposed by this study to conduct online tests. Finally, the
two groups of students conducted a post-test in the 13th week to measure their learning
performance in the programming.

4 Experimental Results

This study designed and recorded 84 videos as learning materials for flipped learning,
and developed an online formative assessment system to explore whether this system
can improve students’ learning performance in programming. Table 1 shows the results
of the independent sample t-test of the pre-test. The mean of the experimental group was
41.09 and the standard deviation was 8.58; the mean of the control group was 40.07, the
standard deviation was 11.54, and the t value was 0.418 (p > 0.05). This result shows
that before the experimental activity, there is no significant difference in the learning
performance in programming between the two groups.

Table 1. The independent sample t-test of pre-test.

Group N Mean Standard deviation t

Experimental group 32 41.09 8.58 0.418

Control group 41 40.07 11.54

Table 2 shows the independent sample t-test results of the post-test. The mean of
the experimental group was 85.09 and the standard deviation was 14.8; the mean of the
control group was 58.54, the standard deviation was 13.5, and the t value was 7.996
(p < 0.001). There are significant differences between the two groups. In addition,
Table 3 shows the independent sample t-test results of learning progress. The mean of
the experimental group was 44 and the standard deviation was 14.61; the mean of the
control group was 18.46, the standard deviation was 16.21, and the t value was 6.969 (p
< 0.001), There is a significant difference between the two groups.

According to these results, the experimental group can significantly improve their
learning performance in the App Inventor course by combining flipped learning with the
online formative assessment system, and it can also significantly improve their learning
progress in programming.
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Table 2. The independent sample t-test of post-test.

Group N Mean Standard deviation t

Experimental group 32 85.09 14.8 7.996***

Control group 41 58.54 13.5
* p < 0.05, ** p < 0.01, *** p < 0.001.

Table 3. The independent sample t-test of learning progress.

Group N Mean Standard deviation t

Experimental group 32 44 14.61 6.969***

Control group 41 18.46 16.21
* p < 0.05, ** p < 0.01, *** p < 0.001.

5 Conclusion

This study designed and recorded 84 videos of APP Inventor programming based on
flipped learning, and developed an online formative assessment system to provide 111
test items related to APP Inventor programming to explore whether the combination
of flipped learning and formative evaluation can be improved the learning performance
of the experimental group in programming. According to the results, compared with
the control group, the experimental group can significantly improve their learning per-
formance and learning progress in programming by combining flipped learning and the
online formative assessment system. In addition, through formative assessment, teachers
can directly examine which steps students are prone to problems and errors, and then
give corresponding guidance to each student.
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Abstract. The objective of this research was to synthesize the theoretical frame-
work and designing the framework of the constructivist learning environment
model based on constructivist theory to enhance the ill-structured problem-solving
skill. Model research [15] was used in this study, which focuses on processes of
design and model development. The research procedure consists of three pro-
cesses: The first one document analysis and examination of learning and teaching
context. The second one, investigating and analyzing the related theories such as
learning theories, constructivist theories, ill-structured problem solving, metacog-
nition, media theory, and technology. The third one, synthesizing the theoretical
framework and designing the framework for Constructivist learning environment
model to enhance ill-structured problem solving based on the reviewed of theo-
ries. The participants of this research were experts from a variety of fields such as
theorists, designer, developer, evaluators, and learners. The results of this research
were shown that there are five components of the theoretical framework consists
of (1) Psychological base, (2) Pedagogical base, (3) Contextual base, (4) Problem-
solving base, and (5) Media Theory and Technology base. The designing frame-
work has four processes of knowledge construction consists of (1) The activation
of cognitive structure and problem-solving enhancement, (2) The enhancement
of cognitive equilibrium, (3) The enhancing of cognitive structure and problem-
solving, and (4) The enhancement and support of knowledge construction and
helping of problem-solving, and the designing frameworks has seven compo-
nents as following: (1) Problem base, (2) Sensor in industrial automation system
resources center, (3) Cognitive tools, (4) Enhancing ill-structured problem-solving
center, (5) Collaboration center, (6) Scaffolding and (7) Coaching.
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1 Introduction

Nowadays, the development of the world’s communication and information technology
has transformed the world into a globalization era and affect the change of Thailand as
well as other countries around theworld. Therefore, educationmanagement is considered
to be one of the most important foundations in developing people to have the ability to
seek and apply information. “Student-centered learning” gives importance to learners
Through the practice of self-acting, the development of thinking potential, problem-
solving skill as well as the pursuit of self-knowledge by interacting with various learning
sources that lead to knowledge construction [10]. The new conceptual framework for
21st-century learning focuses on providing a flexible, creative, challenging, and complex
learning environment to accommodate the rapidly changing global society riddled with
new challenges. 21st-century learning is about providing an environment where students
face real-world problems. Learning is not limited to the classroom, but it connects
students, experts, tutors, and communities to create diverse perspectives for entering
a global knowledge community. The role of the teacher must change from the person
who transmits knowledge to be a helper support and provide a learning environment
for students to practice thinking solving problems can turn information into knowledge
and bring knowledge as a tool to practice and to be useful in the context of the real
encounter. Since the 4.0 era, the emergence of technology in Thailand has continued to
increase especially in the industrial sector. Therefore, students are strongly encouraged
to develop the skills necessary to solve complex problems and be able to solve real-world
problems.

Overcoming the previous problem, the implementation of constructivist theory can
be a solution which helps learner improving their complex problem-solving skill. This
theory was focusing on creating new knowledge by believing that learners already have
prior knowledge learning is a process that takes place within the learner. The learners
create knowledge from the relationship betweenwhat they see and their prior knowledge.
They try to use their understanding of events and phenomena they see to create a cog-
nitive structure [3]. The learning environment was designed based on the constructivist
theories: cognitive constructivist [14] and social constructivist [19], Cognitive theories:
Information processing [11], Metacognition theory [5], ill-structured problem solving
[7, 9]. These theories can be helping the learners to construction the knowledge and
enhanced theirs problem-solving skill, especially in the course Industrial Automation
System.Moreover, the ability of the Internet communication system in the form ofmedia
attribute and symbols system of the web base consist of hypertext and hyperlink also
may support the learner too. [3, 12, 18].

Consequently, this paper purpose to design and develop the constructivist learning
environment model that enhances ill-structured problem-solving in industrial automa-
tion system supporting by metacognition. This framework can be helping a designer
to effectively design the constructivist learning environment model to encourage the
learners to construct knowledge and enhance the problem-solving skill.
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2 Research Methodology

2.1 Research Objectives

The objective of this research is to design and develop a Framework of Constructivist
Learning Environment Model to Enhance Ill-Structured Problem-Solving in Industrial
Automation System Supporting by Metacognition.

2.2 Target Group

The target groups consist of (1) experts to evaluate the model in the following areas:
model content, media quality, model designing and collecting data instruments (2) a
model designer (3) a model developer and (4) a instructor. They are also included 30
undergraduate learners of electrical engineering Faculty of Industrial Education Raja-
mangala University of Technology Isan, Khon Kaen Campus, who enrolled in a course
of programmable logic control courses for the survey of learners’ characteristics and
opinion surveys for learners about the context of learning management.

2.3 Data Collecting and Research Instruments

• The data of context of learning and teaching in industrial automation system was
collecting by document form.

• The data for synthesizing the theoretical framework, designing framework of the
model was collecting by recording form.

• The data of quality assessment of the framework was collecting by the experts’
assessment form.

2.4 Data Analysis

• The context of learning and teaching in industrial automation system were analyzed
using summarization, interpretation, and analytical description.

• Synthesizing of the designing framework, which was developed based on the theo-
retical framework. The data was analyzed using summarization, interpretation, and
analytical description.
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3 Research Results

3.1 Theoretical Framework of Constructivist Learning Environment Model

The results of applying relevant principles, theories, related documented, and related
researches were synthesized and analyzed by using summarization, interpretation, and
analytical description. The theoretical framework has been developed which consists of
5 fundamentals: (1) Psychological base, (2) Pedagogies base, (3) Contextual base, (4)
Media Theory and Technology base, and (5) Problem solving base (see Fig. 1).

Fig. 1. Theoretical framework of the Constructivist Learning Environment Model to Enhance
Ill-Structured Problem Solving in Industrial Automation System Supporting by Metacognition.
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3.2 Designing Framework of Constructivist Learning Environment Model

Based on the theoretical framework, the designing framework was developed by using
the recording form and then was analyzed using summarization, interpretation, and
analytical description. The results showed that the designing framework consists of 4
columns: (1) Knowledge construction process (2) Core principle, theory applied in the
design of the model (3) Sub principle, theory applied in the design of the model and
(4) Elements of the model. The designing framework of the model showed the four
processes of knowledge construction below:

1. The activation of cognitive structure and problem-solving enhancement: It acts as a
gateway through which students enter the content. This process was designed based
on cognitive constructivist [14] that believes that the learners should be activated by a
problem and led to cognitive conflict; Situated learning [1] which focus on authentic
situations that are consistent with industrial automation control system; Construc-
tivist learning environments [8] which is useful for ill-structured problem-solving
tasks by presenting in a question, case, or problem; Ill-structured problem solving
[7, 9] which focuses on the cognitive process for ill-structured problem solving,
especially in the work of automatic control systems, students will encounter a vari-
ety of problems; Metacognition theory [5] and Social constructivist [19] which to
support cognitive process for ill-structured problem-solving because the researchers
believe that having metacognition will help learners to solve problems better, and
solving complex problems requires the perspectives ofmany involved parties. There-
fore, havingmetacognition and collaborative problem-solving can enhance students’
problem-solving skills. All of the above theories were designed as the component
of the industrial automation system Problem base.

2. The enhancement of cognitive equilibrium: This process emphasizes supporting and
enhance learners’ knowledge construction comprised of two components: Sensor in
industrial automation system resources center and Cognitive tools. The component
of Sensor in industrial automation system resources center was designed by four
theories include (1.) Cognitive Load Theory [16], the content of industrial sensors is
quite complex, making it difficult for learners to information processing. Therefore,
Cognitive Load Theory will make it easier for information to stay in the learner’s
long-term memory. (2.) Schema theory is to enhancement of cognitive equilibrium
by presenting Learning resources center in schema as context. (3.) SOI Theory [13]
focuses on three cognitive processes: (1) selecting, (2) organizing, and (3) integrat-
ing. (4.) Information Processing Theory [11], focuses on cognition and information
processing which consists of three components: (1) sensory register, (2) Short term
memory, and (3) long-term memory. Consequently, the design of industrial sen-
sor learning resources is based on the above-mentioned theory. The component of
Cognitive tools was designed by OLEs [6] as four cognitive tools include: (1) seek-
ing Tool such as search engines, (2) organizing tool, (3) collecting tool, and (4)
communication tool.
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3. The enhancing of cognitive structure and problem solving: the researchers believe
that having metacognition and collaboration can enhance students’ problem-solving
skills. Therefore, the following theories have been used. The cognitive process of
ill-structured problem solving [7] focuses on the problem-solving step; Metacogni-
tion theory [5] which emphasizes metacognitive knowledge and metacognitive skill.
The above theory has been designed as Enhancing ill-structured problem-solving
center. Social Constructivist [19] has been used to design a Collaboration center,
which emphasizes the learner’s interaction with others. In solving complex indus-
trial problems, the problems that students encounter may have different approaches
to solving them; so, they can discuss their knowledge, experience, and their thinking
to increase their cognitive structure.

4. The enhancement and support of knowledge construction and helping of problem-
solving. There have three theories that have been considered in the design consist of
OLEs [6], Social Constructivist [19], and Cognitive apprenticeship [1]. Social Con-
structivist [19] believe in Zone of Proximal Development (ZPD), when the learners
are faced with problems that are too difficult to solve means that the learner need
help. Especially in complex industrial applications, inexperienced learners are less
likely to be successful in solving problems. Therefore, Social Constructivist: ZPD
was used to design as scaffolding to support the learners. OLEs has been designed
as scaffolding center, which consists of four elements: (1) conceptual scaffolding,
(2) metacognition scaffolding, (3) procedural scaffolding (4) strategic Scaffolding.
Cognitive apprenticeship, expert/coach has been designed as Coaching center to
support the learners who cannot complete the learning tasks by themselves.

The designing framework of the Constructivist Learning Environment Model to
Enhance Ill-Structured Problem Solving in Industrial Automation System Supporting
byMetacognition was synthesized based on above mention four processes of knowledge
construction can be illustrated in Fig. 2.
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Fig. 2. Designing framework of the Constructivist Learning Environment Model to Enhance
Ill-Structured Problem Solving in Industrial Automation System Supporting by Metacognition.
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Fig. 2. continued

4 Discussion

The paradigm of educational management in the 21st century emphasizes learning man-
agement that promotes competence for lifelong learning. The results of this study are
consistent with the methods of learning management mentioned above because this
framework can help the learners build their knowledge by themselves. The results of the
designing framework include seven components of themodel as following: (1) industrial
automation system Problem base, (2) Sensor in industrial automation system resources
center, (3) Cognitive tools, (4) Enhancing ill-structured problem-solving center, (5) Col-
laboration center, (6) Scaffolding center and (7) Coaching center, that was provided to
support the learners to construct their knowledge. Learning is not limited to the class-
room, connecting learners with experts, coaches, and communities can also help learners
build diverse perspectives and construct knowledge. This result was consistent with the
studies of [4, 10, 17]. This model could be a benefit for instructors to designing a con-
structivist learning environment to effectively increase learners’ cognitive process and
enhance their problem-solving.
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5 Conclusion

A new conceptual framework for learning in the 21st century focuses on providing a
flexible, creative, challenging, and complex learning environment to support the chang-
ing global society. Teachers need to change the role and concept from the person who
transmits the knowledge to be a helper, supporter and provide a learning environment
for students to the practice of thinking, problem-solving, and turning on information
into knowledge and bring knowledge as a tool to solving a problem in the context of
the real encounter. The finding of this study is consistent with the methods of learning
management mentioned above.

Acknowledgements. The researcher would like to thank all parties involved in making this
research successful. Faculty of Education, Khon Kaen University which hereby giving thank-
fulness all through this.

References

1. Brown, J., Collins, A., Duguid, P.: John: Situated cognition and the culture of learning. Educ.
Res. 18(1), 32–42 (1989)

2. Chaijaroen, S.: Development of knowledge construction using information technology.
Department of Educational Technology, Khon Kaen University (2004)

3. Chaijaroen, S.: Instructional design: principles and theories to practices. Department of
Educational Technology, Khon Kaen University (2015)

4. Choi, H.J., Johnson, S.D.: The effect of context-based video instruction on learning and
motivation in online courses. Am. J. Distance Educ. Am. 19, 215–227 (2005)

5. Flavell, J.H.:Metacognition and cognitivemonitoring: a new area of cognitive–developmental
inquiry. Am. Psychol. 34(10), 906–911 (1979)

6. Hanafin, M.: Open Learning Environment: Foundation, Methods, and Models. Instructional
Designing Theories andModel: A New Paradigm of Instructional Theory Volume II. (Charles
M.). Lawrence Erlbaum Associates, Mahlway (1999)

7. Jonassen, D.H.: Instructional design models for well-structured and Ill-structured problem-
solving learning outcomes. Educ. Tech. Res. Dev. 45(1), 65–94 (1997)

8. Jonassen, D.H.: Designing constructivist learning environments. In: Reigeluth, C., (Ed.).
Instructional-DesignTheories andModels:ANewParadigmof Instructional Theory, pp. 215–
239. Pennsylvania State University, University Park (1999)

9. Jonassen, D.H.: Learning to Solve Problems a Handbook for Designing Problem-Solving
Learning Environments. Routledge, New York (2011)

10. Kanjug, I., Chaijaroen, S.: The design of web-based learning environments enhancing mental
model construction. Procedia - Soc. Behav. Sci. 46, 3134–3140 (2012)

11. Klausmeier, H.J.: Educational Psychology, 5th edn. Harper & Row, New York (1985)
12. Kozma, R.B.: Learning with media. Rev. Educ. Res. 61(2), 179–211 (1991)
13. Mayer, R.E.: Designing instruction for constructivist learning. In: Instructional-Design

Theories and Models: A New Paradigm of Instructional Theory, vol. II (1999)
14. Piaget, J.: Part I: cognitive development in children: Piaget development and learning. J. Res.

Sci. Teach. 2, 176–186 (1964)
15. Richey, R.C., Klein, J.D.: Design and Development Research: Methods Strategies and Issues.

Lawrence Erlbaum Associates, Mahlway (2007)



520 S. Thima and S. Chaijaroen

16. Sweller, J.: Cognitive load theory, learning difficulty, and instructional design. Learn. Instr.
4, 295–312 (1994)

17. Wang, Q.: Designing a web-based constructivist learning environment. Interact. Learn.
Environ. 17(1), 1–13 (2009)

18. Wattanachai, S.: Development of constructivist web-based learning environment model to
foster problems solving and transfer of learning. Doctor of Philosophy Thesis in Educational
Technology, Graduate School, Khon Kaen University (2010)

19. Vygotsky, L.S.: Mind in Society: The Development of Higher Psychological Processes. Har



Using the Diffusion of Innovation Theory
to Explain Foundation Phase Teachers’

Perceptions of Online Zoom Classes During
a Pandemic – A Case of a South African

Private School

Komla Pillay(B) and Tania Prinsloo

Informatics Department, University of Pretoria, Pretoria, South Africa
komla.pillay@up.ac.za

Abstract. In this paper, the emphasis is on teaching the foundation phases of
school via the Zoom platform during the Covid-19 pandemic. Fifteen out of the
eighteen teachers of a private school in South Africa completed the survey ques-
tions, and the questions were then analyzed using the Diffusion of Innovation
Theory. Most teachers felt that they were able to use Zoom successfully, although
they prefer face-to-face teaching. The paper’s main contribution is the identifi-
cation of six factors affecting the use of Zoom, namely the importance of being
prepared, the role that the environment plays, the resources available, the ability
of the student, the infrastructure in place, and lastly, the part that discipline plays.
Future research will involve more grades in the study, not only grades 1 to 3, and
survey other schools and their teachers using similar online teaching tools.

Keywords: Zoom · Diffusion of innovation theory · Foundation phase teachers ·
Pandemic

1 Introduction

Likemany countries worldwide, SouthAfrica had to stop physical school attendance due
to the Covid-19 pandemic. The worldwide Covid-19 pandemic forced many schooling
environments to look for Information Communication Technologies (ICT) to continue
the academic program. Many resourced private schools in the South African schooling
environment resorted to using online Google classrooms, online Zoom classes, and other
such ICTs [1].One such private school adoptedZoomclasses to ensure the daily schedule
was followed as much as possible. In this article, the foundation phase from Grade 1 to
Grade 3 is explored to determine if teachers could teach successfully during the trying
Covid-19 period.
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2 Background of the Study

The case studied private school is located in a middle- to high-income area. The school
established an online timetable that consisted of 40-min sessions, break times, and inde-
pendent work time. Students were given this timetable before the day that classes started.
Teachers provided students with their in-class workbooks to take home. Teachers also
uploaded material onto the student portal; parents or guardians were expected to have
the uploaded material printed before starting the Zoom classes.

The school offered primarily compulsory Zoom classes. Due to not having control
over the student’s resources at home, offline learning was also an option. Online Zoom
class attendance was more than 85% at all times. It must be noted that the private
school and its student cohort is much more resourced than the average South African
public school. This research cannot be translated across the education system in South
Africa – there can be inferences drawn to other similarly resourced private schools.

Foundation Phase classes in South Africa include grades R to 3 [2]. This study used
grades 1 to 3 as Grade R does not exist in the case studied entity. The case studied school
is a dual medium English and Afrikaans school. There are three English and 3 Afrikaans
classes per grade. The sample for this study was eighteen teachers.

2.1 Zoom Classes

Zoom is a modern learning tool that enables students to learn online. Zoom can be
used in many ways – online teaching and online meetings are two examples. Zoom
enables video communication facilitating virtual tutoring, advising, career counselling,
and mentoring, allowing the students to learn beyond the classroom [3]. Teaching online
using Zoom enables synchronous class meetings that allow the teacher and all students
to log in to a web conferencing system according to a predetermined scheduled.

The case studied school uses the web conferencing software Zoom, which limits
each session to 40 min. Zoom can be used on laptops, desktops, and various other
mobile devices (tablets or smartphones), allowing many different platforms for students
to access the class sessions.

2.2 Diffusion of Innovation Theory

The diffusion of innovation theory explains how, why and how fast a particular technol-
ogy or innovation will be adopted. Typically, new innovations have a small number of
innovators that use an innovation, which grows progressively as the innovation proves
successful [4]. Figure 1 demonstrates how innovation adopters are categorized.

There are five categories that adopters can be classified into: innovators, early
adopters, early majority, late majority, and laggards. Roger’s diffusion of innovation
theory outlines how a potential adopter goes through collecting information, analyzing
information, and then determining if the innovation deserves the investment. The poten-
tial adopter is concerned with the return being worth the investment [5]. An adopter
follows this process before deciding when would be the best time for them to invest in
the innovation, if at all.
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Fig. 1. Categorization of innovation adopters [5:281]

Adoption of a new innovation can be attained by considering five characteristics of
the innovation. According to Rogers [5], these five characteristics from the innovator’s
perspective can determine the adoption of an innovation. The five characteristics are:

Relative advantage: This characteristic talks to the benefits that an individual would
consider when adopting an innovation. The greater the relative advantage, the faster the
rate of adoption.

• Compatibility: “The degree to which an innovation is perceived as consistent with the
existing values, past experiences, and need of potential adopter.” [5].

• Trialability: refers to the degree to which the innovation can be experimented on [5].
• Observability: if the innovators can see the value add of the innovation, the easier it
is for an innovation to be adopted.

• Ease of use: innovations that are easy to understand and use are adopted at a faster
rate.

3 Purpose of the Study

The purpose of this study was to explain the Foundation Phase teachers’ use of Online
Zoom Classes. The study uses Roger’s innovation attributes to examine the Foundation
Phase teachers’ use of Zoom classes. Using Roger’s diffusion of innovation, this study
analyzed the Foundation Phase teachers’ use of Zoom and their perceived attributes that
affect their decision to adopt Zoom. The study also outlines factors that impact the use
of Zoom by Foundation Phase teachers.

Three research questions helped in achieving the purpose of this study:

1. What are the Foundation Phase teachers’ perceptions of Online Zoom classes?
2. How do Roger’s (2003) major innovation attributes explain Foundation Phase

teachers’ perceptions of Online Zoom classes?
3. What factors impact the use of Zoom for teaching Foundation Phase classes?

4 Methodology

A case study approach was used to qualitatively investigate Foundation Phase teachers’
use of Zoom and their perceptions regarding its’ use in an urban private school in South
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Africa. Qualitative research is the collection, organization, description, and interpreta-
tion of textual, verbal, and graphic data. Qualitative research typically takes place in
a natural setting allowing the researcher to foster understanding from a high level of
involvement in the “actual experiences” [6]. An identifier of qualitative research is the
social phenomenon being investigated from the viewpoint of the participant. Creswell
defines case study research as when a “researcher explores in depth a program, an event,
an activity, a process, or one or more individuals” [7].

This study collected and interpreted data via a questionnaire. The questionnaire had
both open and closed-ended questions. Thematic analysis and descriptive statistics were
used to analyses the data. The sample for this study was the Foundation Phase teachers
at an urban private school. There was a total of eighteen Foundation Phase teachers,
fifteen of which completed the questionnaire. Data were collected anonymously, and no
participant will be able to be identified by the presentation of data. Table 1 shows the
teachers, number of years of experience teaching foundation phase, and age category.

Table 1. Age and number of years teaching Foundation Phase.

ID Age category Number of years teaching
foundation phase

1 40–49 19

2 30–39 15

3 40–49 23

4 20–29 2,5

5 20-29 4

6 50–59 20

7 20–29 4

8 30–39 16

9 30–39 8

10 50–59 28

11 >60 38

12 40–49 18

13 30–39 10

14 30–39 15

15 40–49 21

Twelve of the fifteen participants have ten or more years of experience teaching the
foundation phase. This demonstrates the high level of experience of the participants. The
questions were taken from three other studies, diffusion of innovation study for the use
of interactive whiteboards [8], a study for the perception of an individual adopting an
Information Technology (IT) innovation [9] and Detailed Review Of Rogers’ Diffusion
Of Innovations Theory And Educational Technology [10]. The school management
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tested the questionnaire before they were finalized and distributed. The questionnaire
was made up of open and close-ended questions. The close-ended questions were asked
on a 5 point Likert scale – Strongly Disagree, Disagree, Neutral, Agree, and Strongly
Agree. The open and close-ended questions are presented and discussed in the analysis
and findings sections.

5 Analysis

The collected data were analyzed qualitatively by organizing responses according to
themes in order to determine what factors impact the use of Zoom by Foundation Phase
teachers. Descriptive statistics were used to present the data gathered in the close-ended
questions.

The summarized response to the close-ended questions:

• 93% of respondents disagree with Zoom being better than physical classes, and 7%
were neutral.

• 100% of respondents disagreed with the statement that Zoom works just as well as
physical classes.

• 93% of respondents disagree that Zoom enables them to accomplish their daily tasks
more quickly, and 7% were neutral.

• 93% of respondents disagree that Zoom makes it easier to do the task at hand, and
7% were neutral.

• 86% of respondents disagreed that Zoom enhanced their effectiveness to complete the
task, with 7% being neutral and 7% agreeing.

• 80% of respondents disagreed that Zoom gave them greater control over the task, with
14% being neutral and 6% agreeing.

• 60% of the respondents disagree that using Zoom was compatible with the way they
teach, with 33% being neutral and 7% agreeing.

• 93% of respondents agreed that experimenting with Zoom before adopting it, is very
important, and 7% disagreed.

• 100% of respondents agreed that it is essential to ask questions about Zoom before
acquiring it.

• 80% of respondents would have no difficulty telling others about the results of using
Zoom, while 20% were neutral.

• 73% of respondents believe they could communicate to others the consequences of
using Zoom, while 27% were neutral.

• 80% of respondents find Zoom clear and understandable, with 13% being neutral and
7% disagreeing.

• 100% of respondents agreed that learning to operate Zoom is easy for them.

The summarized response to the open-ended questions are outlined below:

• Do you consider the online Zoom class an effective tool for your students’ learning?
Give reasons.
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Most respondents answered yes and no based on the circumstances. They indicated
that Zoom was effective in giving students access but was less effective than the class-
room. They further highlighted that Foundation Phase needs more hands-on interaction
than Zoom allows. Teachers realize too late that a student does not understand the work
being taught only when the work is handed-in. Whereas, in a physical environment,
students’ shortfalls are immediately picked-up on. Some students are shy, and some
need one on one interaction to realize their potential fully. Respondents identified these
characteristics that determine the success of the Zoom environment.

• Did you access online material or information from the Internet or Intranet during the
online classes?

93% of respondents accessed online material from the Internet or Intranet.

• What are the advantages of using Online Zoom classes for instruction? Elaborate -
you are welcome to provide reasons from both teacher and student perspectives?

Zoom allows continued teaching in times of a pandemic, illness, or crisis to ensure
the health and safety of teachers and students. Allows easy interaction if the internet is
stable. Can visually interact as the students and teacher can see each other. The teacher
can also share their screen working through the content. Sessions can be recorded for
students to catch up or for teachers to use to improve their teaching. Students can also use
recordings to work at their own pace. It can be an affordable means of communication
if all stakeholders have uncapped internet connectivity. Students have an opportunity to
become familiar with technology and keep up to date with advancements. Zoom allows
individuals towork from the comfort of their own homes. Zoom allows the curious nature
of students to explore and have fun with technology. Zoom further allows teachers to
have control of the class as they can mute students if required.

• What are the disadvantages or challenges of using Online Zoom classes for instruc-
tion? Elaborate - you are welcome to provide reasons from both teacher and student
perspectives.

Technology can fail when least expected, leaving teachers stressed about recon-
necting or leaving students feeling uncertain. Load shedding which a restriction of the
country’s electricity supply in order to keep the electricity grid stable. If Internet con-
nectivity is not stable, teachers end up spending much time repeating instructions, and
also students are lost when they do rejoin the session after losing connectivity. Zoom
does not allow all the students to be viewed at once. Many siblings share devices which
make it challenging for them to be online during the entire school day. Some students
are not adequately seated to participate in the Zoom class and complete the associated
physical worksheets or books. Foundation Phase learners sometimes need support to
ensure that they are logged on at the right time and have the right resources on hand for
the scheduled session –many parents are working and are unable to provide this support.
The opposite of this also happens, “helicopter parents”; these parents get over-involved
in the students learning and confuses the students. Teachers are unsure of what students
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understand and cannot adequately monitor what the students are doing. Students tend to
suffer in silence as they do not want attention by asking questions or not communicating
their difficulties. Teachers find it difficult to teach new concepts but find it easier to do
revision using Zoom. Students take a lot of time to settle into class and also encounter
many distractions while in the Zoom class. These distractions include eating, dogs bark-
ing, siblings crying, parents talking, and household appliances, to name a few. Teachers
find the quality of students’ work is inferior when taught on Zoom versus the physi-
cal classroom. Children can’t maintain attention online, resulting in them being lost.
They don’t follow all the rules, and the computer literacy between the students differs.
The school uses the free version of Zoom, so class sessions are limited to 40 min per
session – this sometimes does not allow the teacher to complete their explanation or
exercise. The momentum is lost if the session ends, and then the students and teacher
must log back on to a new session. Students are sometimes poorly disciplined, attending
class late, unmuting themselves, or eating during class. Not all Foundation Phase stu-
dents can concentrate for long periods in an online environment. Students do not have
all the required resources available on hand to complete a given task.

• Have you received any training (workshops, training sessions etc.) about the uses of
Online Zoom classes?

20% of teachers indicated that they received no training on the use of Zoom. The
other 80% of respondents received some informal training at the school. Mostly they
shared information with colleagues or figured out things as they went along.

6 Findings

The findings of this study are outlined in response to each research question.

6.1 What Are the Foundation Phase Teachers’ Perceptions of Online Zoom
Classes?

A qualitative approach was used to explore the respondents’ perceptions of Zoom.
Therefore, they were asked these questions to answer this research question.

• What are the advantages of usingOnline Zoomclasses for instruction? Elaborate – you
are welcome to provide reasons from both teacher and student perspectives.

• What are the disadvantages of using Online Zoom classes for instruction? Elaborate –
you are welcome to provide reasons from both teacher and student perspectives.

• What are the challenges that you face when using Online Zoom sessions for teaching?
• Have you received any training (workshops, training sessions etc.) in relation to the
uses of Online Zoom classes?

From the analysis of these questions, we can conclude that the Foundation Phase
teachers find value in using Zoom as a supporting rather than a primary medium
of instruction. Although there are numerous advantages, the disadvantages outweigh
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the advantages of using Zoom in foundation phase teaching. The value lies in Zoom
enabling a continued academic program for unexpected events like a pandemic and
other environmental events that do not allow the physical gathering of teachers and
students.

The biggest challenge is ensuring the internet infrastructure is stable for everyone.
If the Internet connectivity is not stable, much time is wasted trying to get everyone to
common ground. Student concentration and discipline are very challenging and sensitive
to deal with in an online environment. Teachers are adequately trained and have systems
in place at school to handle these sensitive matters. The other challenges have ways to
counteract them, such as ensuring students have all the relevant resources. Teachers can
communicate in advance the specific resource lists required for specific sessions. The
limited duration of the Zoom sessions can be overcome by the school purchasing a Zoom
license for unlimited use.

Although the training was not sufficiently provided, most disadvantages and chal-
lenges are not related to a lack of training. It appears that most teachers were okay with
exploring Zoom and learning the tool as they progressed – it can be deduced that many
aspects of Zoom are self-explanatory.

In summary, Foundation Phase teachers’ perceptions of Zoom is that it is a tool
to be used in an emergency or unexpected circumstances to support the continuity of
the school’s academic program. They do not in any way see Zoom in its’ current form
replacing traditional in-class teaching.

6.2 HowDoes Roger’s (2003)Major Attributes of Innovation Explain Foundation
Phase Teachers’ Perceptions of Online Zoom Classes?

This research question was addressed by the close-ended questions that were analyzed
descriptively. This was used to explore the respondents’ use of Zoom and the factors
that might affect their decision to use it. The Foundation Phase teachers’ response to the
questions helps address the five major attributes of innovation that affect the teacher’s
decision to use Zoom. Rogers’ (2003) attributes of innovation are relative advantage,
compatibility, trialability, demonstrability, and ease of use.

• Relative Advantage

These questions addressed this indicator:

– Zoom is better than physical classes.
– Zoom works just as well as physical classes.
– Zoom enables me to accomplish my daily tasks more quickly.
– Zoom makes it easier to do the task at hand.
– Zoom enhances my effectiveness in completing the task.
– Zoom gives me greater control over the task.

The soundest predictor of an innovation’s rate of adoption is its perceived relative
advantage. This indicator talks to the benefits that an individual would consider when
adopting an innovation. From the analysis, it is evident that respondentsmostly disagreed



Using the Diffusion of Innovation Theory to Explain Foundation 529

with these indicators. The respondents disagree with Zoom being better or working
similarly to physical classes. The respondents do not see this innovation as being able
to support their objectives better. Therefore, this indicator had a negative response.

• Compatibility

This question addressed this indicator:

– Using Zoom is compatible with the way I teach.

According to Rogers [5], compatibility refers to “the degree to which an innovation
is perceived as consistent with the existing values, past experiences, and need of potential
adopter.” The process of adopting a particular innovation can be fast-tracked if the users
of the innovation find it compatible with their experiences and expectations. Concerning
Zoom classes, the teachers mainly had a negative perception. The teachers could not
translate their regular, tried and tested approach to a fully online environment via the
Zoom class. This indicator had a negative response.

• Trialability

These questions addressed this indicator:

– Experimenting with Zoom before adopting it is very important.
– It is essential to ask questions about Zoom before acquiring it.

Trialability refers to the degree to which the innovation can be experimented on [5].
Participants did not have a choice whether to use Zoom classes. This was compulsory
for the teachers. Many of them saw the benefit of experimenting with Zoom before
class. This facilitated their preparedness. They also felt that asking questions before
implementing is better; however, it was mandatory in this instance, so they did not have
the opportunity to question technology adoption. This indicator had a positive response.

• Observability/Demonstrability

These questions addressed this indicator:

– I would have no difficulty telling others about the results of using Zoom.
– I believe I could communicate to others the consequences of using Zoom.

This refers to the degree to which the results are visible to the affected community
[5]. The respondents are mostly comfortable with telling others or communicating the
results of using Zoom. This indicator had a positive response.
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• Complexity/Ease of Use

These questions addressed this indicator:

– Zoom is clear and understandable.
– Learning to operate Zoom is easy for me.

This indicator refers to how innovation is easy to use and understand [5]. Respondents
find Zoom both easy to use and understandable. This indicator had a positive response.

These five indicators played a role in motivating the respondents to use or plan
to use Zoom for their teaching. Although three of the five characteristics received a
positive response, the essential characteristic of relative advantage received a negative
response. This again points to the respondents using this innovation under extenuating
circumstances but not as an innovation that can replace the traditional classroom.

6.3 What Factors Impact the Use of Zoom for Teaching Foundation Phase
Classes?

This question was answered by using thematic analysis. The advantages, disadvantages
together with challenges were analyzed. Common findings were grouped into themes
that are the factors that impact the use of Zoom for teaching Foundation Phase students.

Figure 2 depicts the factors that impact the use of Zoom for teaching Foundation
Phase students. The aspects are described in no particular order.

• Being prepared

Both teachers and students must be adequately prepared. Teachers must have their elec-
tronic material prepared and uploaded to prevent wasting time getting ready. Students
must have access to their virtual schedule to report timeously to the session.

Fig. 2. Factors that impact the use of zoom for teaching foundation phase students
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• Environment

A conducive environment needs to be created. Teachers and students should ideally be in
a room that can reduce environment sound like talking or dogs barking in the background.
Adequate seating and correct furniture dimensions should be in place. There needs to be
a “formal” area where students canwork to foster the “feeling” of being in the classroom.

• Resources

Teachers must communicate to students and their guardians in advance of the resources
that will be required. Teachers can also print and supply the resources (worksheets and
class books). Students or guardians must ensure that all relevant material for a particular
session is on hand and within reach. Ideally, each student must have an electronic device
to work on independently, not a mobile phone. The device must enable good auditory
and visual specifications

• Student ability

Arrange separate classes or schedules for students struggling with concentration or the
ability to work independently. The school must be aware that this will mean more
teaching resources.

• Infrastructure

Adequate infrastructure is crucial. Uncapped access to a stable Internet connectiv-
ity, with decent download speeds. Poor infrastructure results in lost time and missed
communication.

• Discipline/rules

Setting and adopting rules is vital. No eating allowed during the session. No speaking
unless asked to. No discussing non content-related concerns. Attend the session on time.

7 Conclusion

It is concluded that a private school in South Africa managed to transition to online
Zoom classes during the Covid-19 pandemic successfully. Most teachers felt that Zoom
was clear and understandable, and easy to communicate to others, although teachers
still prefer face-to-face teaching. The Diffusion of Innovation Theory is used to explain
the teachers’ perceptions of Zoom classes, and it is discussed in terms of compatibility,
trialability, observability, and complexity or ease of use. Six factors from the teachers’
responses were identified as themes. Future research can include expanding the study
to other schools as well as other grades to determine if Zoom is a suitable substitute for
face-to-face teaching, as was deemed necessary in the case of Covid-19. Future research
can also include the investigation of schools introducing a distance learning option using



532 K. Pillay and T. Prinsloo

Zoom as the tool of class dissemination. This could potentially improve the income of
the school without too many additional resources being required.
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Abstract. This research was aimed to study the creative effect of the students
who study with massive open online course (MOOCs) learning environment
model for higher education. The target groups consisted of 20 juniors majored
in Business Information Technology, Faculty of Information Technology, Sripa-
tum University, Khon Kaen Campus, and 30 juniors Business Computer, Faculty
of Business Administration, North Eastern University.Model Research consists of
several types of research, including document research. Survey research and pre-
experimental research one shot case study to examine the validity of the learning
environment model and the success of using the learning environment model. The
instruments used in the study consisted of experimental instruments and data col-
lection tools. Perform quantitative data collection and qualitative. The data were
analyzed using basic statistics such as percentage, mean, standard deviation. Pro-
tocol analysis Summary. Interpretation and analytical narrative. The results of the
study found that the creative thinking of students studying with open online learn-
ing environment models (MOOCs) that promote creativity for higher education
students. There are 60% of learners who pass the 60% criteria as specified. The
students had average scores for creativity of 19.19, 20.76 and standard deviations
of 0.54, 0.55.

Keywords: Creative thinking · Learning environment model ·Massive open
online course

1 Introduction

Currently, the labor market is quite affected by the global situation. Changes can happen
at any time, according to a report from the World Economic Forum (WEF), predicting
that in the next five years, workforces will face extreme conditions. Double-disruption
Both from COVID and the use of automation, this impact could put workers with skills
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that don’t meet the changingmarket demands at risk of losing their jobs: Creativity, orig-
inality and initiative – Creativity and Innovative Skills, which is an important skill [1].
Consistent with the results of the study, the 21st Century skills were summarized, learn-
ing skills and innovation that students focused on creative thinking. Using a variety
of thought-building techniques creates new ideas [2] to enhance creative thinking are
fluency, flexibility, originality, and elaboration [3] this will prepare you for future work
skills. Changing the world in teaching and learning management, teachers should focus
on enabling learners to learn on their own. By teachers to support and a paradigm shift
in how to create knowledge through cognitive processes that focus on students to create
knowledge by taking action through their thought processes. Connect prior knowledge
with new knowledge and expand the cognitive structure and provide a learning envi-
ronment that fosters the learner’s knowledge-building process [4]. Using technology
that is appropriate to the context. Use Massive Open Online Courses, which are char-
acterized by an unlimited number of participants, an “open” system that anyone can
take. MOOCs are an educational experience for learners and also improve the results
of the study develop learners’ learning skills and implement effective communication
with teachers [5]. As mentioned previously. To study the creative effect of the students
who study with massive open online course (MOOCs) learning environment model for
higher education.

2 Literature Review

2.1 Creative Thinking

Guilford’s Creativity (1967) was the basis for the study of the multidirectional thinking
abilities of the brain. Called creative thinking that focuses on divergent thinking, which is
the idea that leads to inventing new things. Including thinking and discovering solutions
to problems successfully, consisting of 1) Fluency that mean the ability to create ideas
for answers Fluently, quickly, in large quantities in a limited time and such as keyword
of word fluency and ideational fluency 2) Flexibility that mean the ability to create a
wide variety of ideas in a useful way and such as keyword of spontaneous flexibility and
adaptive flexibility. 3) Originality is an application of design thinking for creating new
ideas and 4) Elaboration is to create a detailed idea by creating evaluation criteria and
adding details. Improved to make it better [3, 6].

2.2 Learning Environment Model

Learning environment model is a learning management that promotes learning in accor-
dance with the needs of the learners, and facilitate the learners to be able to learn on their
own through various learning resources, media by a combination of various theories and
computer technology. To create knowledge (Knowledge Construction) to help support
students’ enthusiasm, opt-in Analyze and synthesize data and the Web based learning
environment is a form of application, use internet network services which educators
are very interested in nowadays Used to support teaching and learning management for
maximum efficiency [7].
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2.3 Massive Open Online Course

Massively Open Online Courses, or MOOCs, are defined as open learning systems that
emphasize participation and broad reach in an unlimited number of learners. To enroll in
classes and learn through online platforms [8]. Students can learn through video lectures
or video tutorial content. And forums. That supports the design of a learning environment
to enhance creative thinking.

3 Purposes

To study the creative effect of the students who study with massive open online course
(MOOCs) learning environment model for higher education.

4 Method and Result

4.1 Scope of Research

This research is a model research type II model research of Richey & Klein (2007) [9]
focusing on the creative outcomes of learners studying with an open online learning
environment model. The research is divided into 3 phases (Phase), which are: Phase 1,
Model development, Phase 2, Model validation, Phase 3, Model use, this time In phase
2, model development and phase 3, model use will be the presentation of research results
in the study period.

4.2 Target Group of the Study

The target groups consisted of 20 juniors majored in Business Information Technology,
Faculty of Information Technology, Sripatum University, Khon Kaen campus, to study
the external validity that is the study of impact on learners when applying the learning
environment model, and 30 juniors Business Computer, Faculty of Business Adminis-
tration, North Eastern University. To study the use of the learning environment model.
This is a study of the results resulting from the use of the learner’s learning environment
model, including creative thinking.

4.3 Research Design

The research model of the study in Phase 2, Model validation and Phase 3, Model
use, used a variety of study methods. It consists of several types of research, including
document research, survey research and pre-experimental research One shot case study
to examine the validity of the learning environment model and the success of using the
learning environment model.
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4.4 Research Instruments

In this study, the researcher has created tools for use in the study and data collection,
consisting of the following tools:

The model research in the Phase 2 study was to examine the validity of the learning
environment model. External directness study Use a pre-experimental research model
(Pre-experimental design) one-shot case study a tool used to examine external validity by
using theCreativityMeasure to study the creativity of students studyingwith theLearning
Environment Model. The target groups consisted of 20 juniors majored in Business
Information Technology, Faculty of Information Technology, SripatumUniversity, Khon
Kaen campus.

The success of using the learning environment model using the creative think-
ing model. To study the creativity of students studying with the learning environment
model. The target groups consisted of 30 juniors Business Computer, Faculty of Business
Administration, North Eastern University.

4.5 Data Collection and Analysis

Data were collected in the Phase 2 study. The external directness of the model. The
study from the impact of learners when applying the learning environment model to be
used in learning management is the creativity of students. The process is as follows: 1)
the learning management process: (1) clarifying and introducing learners about learning
the learning environment model; (2) bringing them into lessons by linking learners’
prior knowledge, with the subject studied (3) divide 20 learners into subgroups, 3–4
students per group according to the results of the study context (4) let learners learn
with the learning environment model 2) Data collection The researcher collects the data
after the learners Learn with a learning environment model. Let learners do a measure
of creativity. 3) Data analysis consists of quantitative data analysis. And qualitative
the researcher will present the data analysis. Student creativity the data were analyzed
using basic statistical values, i.e. mean, standard deviation, and percentage, from the
data obtained from the Student Creativity Scale. And using data analysis methods by
protocol analysis, summary, interpretation.

Data were collected in the Phase 3 study to study the success of using the learn-
ing environment model. The application of the learning environment model in learning
management is the creativity of the learners. The process is as follows: 1) the learning
management process: (1) clarifying and introducing learners about learning the learning
environment model; (2) bringing them into lessons by linking learners’ prior knowledge.
With the subject studied (3) Divide, 30 learners, into subgroups, 3–4 students per group
according to the results of the study context (4) let the learners learn with the learn-
ing environment model. 2) Collect the data after that learner learns with the learning
environment model let learners do a measure of creativity. 3) Data analysis consists of
quantitative data analysis. And qualitative the researcher will present the data analy-
sis. Student creativity the data were analyzed using basic statistical values, i.e., mean,
standard deviation, and percentage, from the data obtained from the Student Creativity
Scale. And using data analysis methods by protocol analysis, summary, interpretation.
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4.6 Research Results

The creative effect of the students who study with massive open online course (MOOCs)
learning environment model for higher education. In this study, the following results are
presented: The scores obtained from measuring the creativity of students studying with
the learning environment model. Obtained from the students’ creativity measurement
[3]. Using it with the target group in phase 2 of 20 people, it was found that the overall
creativity score of a full score of 30 showed that 20 students received a score of 18 or
more, representing 80.00% of the students. Dear all The mean score was 19.19 and the
standard deviation was 0.54 and the creativity score for each aspect found that the ability
to Fluency thinking had the highest mean score of 7.10 and the standard deviation was
0.49. Accounted for 71.00%, followed by the ability to creative thinking in Flexibility,
Originality, and Elaboration with average scores of 5.40, 4.00, and 3.40, respectively,
which shows that the average score of the learners passed the 60 hundred criteria as
specified. As in Table 1.

Table 1. Post-study creativity scores of students studying with the learning environment model
phase 2 model validations.

No. Fluency Flexibility Originality Elaboration Total %

Score % Score % Score % Score %

1 8 80.00 7 87.50 4 66.67 3 50.00 22 73.33

2 6 60.00 5 62.50 4 66.67 4 66.67 19 63.33

3 6 60.00 4 50.00 4 66.67 3 50.00 17 56.67

4 7 70.00 5 62.50 4 66.67 4 66.67 20 66.67

5 8 80.00 5 62.50 4 66.67 3 50.00 20 66.67

6 6 60.00 5 62.50 4 66.67 4 66.67 19 63.33

7 8 80.00 5 62.50 4 66.67 3 50.00 20 66.67

8 6 60.00 5 62.50 3 50.00 2 33.33 16 53.33

9 8 80.00 6 75.00 4 66.67 3 50.00 21 70.00

10 8 80.00 6 75.00 4 66.67 4 66.67 22 73.33

11 7 70.00 7 87.50 5 83.33 4 66.67 23 76.67

12 7 70.00 7 87.50 4 66.67 3 50.00 21 70.00

13 8 80.00 5 62.50 5 83.33 5 83.33 23 76.67

14 7 70.00 6 75.00 4 66.67 4 66.67 21 70.00

15 8 80.00 4 50.00 5 83.33 3 50.00 20 66.67

16 5 50.00 4 50.00 4 66.67 4 66.67 17 56.67

17 6 60.00 4 50.00 3 50.00 2 33.33 15 50.00

18 8 80.00 6 75.00 4 66.67 3 50.00 21 70.00

(continued)
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Table 1. (continued)

No. Fluency Flexibility Originality Elaboration Total %

Score % Score % Score % Score %

19 8 80.00 6 75.00 4 66.67 4 66.67 22 73.33

20 7 70.00 6 75.00 3 50.00 3 50.00 19 63.33

Total results

x 7.10 5.40 4.00 3.40 19.19

S.D. 49.0 55.0 57.0 51.0

% 71.00 67.50 66.67 56.67 97.63

Total number of learners (number) 20

Number of students who have passed the percentage criteria 60
(number)

16

Percentage of learners with a passing score percentage 60 (18 score) 00.80

Average score of students (x) 19.19

Standard deviation (S.D.) 54.0

• The scores obtained frommeasuring the creativity of students studying with the learn-
ing environment model, obtained from the students’ creativity measurement Using it
with the target group in phase 3 of 30 people, it was found that the overall creativity
score of a full score of 30 showed that there were 26 learners who received a score of
18 or more, representing 86.67% of the students. Dear all with a gray mean of 20.76
and a standard deviation of 0.55 and a score of creativity in each aspect found that
the ability to think creatively (Fluency) had the highest mean score of 7.28. The stan-
dard deviation was 0.57, representing 72.80%, followed by the ability to Flexibility
thinking on the Originality) and Elaboration with average scores of 5.67, 4.08 and
3.63, respectively, which shows that the average score of the learners passed the 60
hundred criteria as specified in Table 2.

Table 2. Post-study creativity scores of students learning with learning environment model phase
3 model use.

No. Fluency Flexibility Originality Elaboration Total %

Score % Score % Score % Score %

1 8 80.00 5 62.50 4 66.67 3 50.00 20 66.67

2 6 60.00 7 87.50 5 83.33 4 66.67 22 73.33

3 8 80.00 5 62.50 4 66.67 4 66.67 21 70.00

4 6 60.00 7 87.50 3 50.00 3 50.00 19 63.33

5 6 60.00 7 87.50 3 50.00 3 50.00 19 63.33

(continued)
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Table 2. (continued)

No. Fluency Flexibility Originality Elaboration Total %

Score % Score % Score % Score %

6 8 80.00 7 87.50 4 66.67 4 66.67 23 76.67

7 6 60.00 5 62.50 3 50.00 3 50.00 17 56.67

8 6 60.00 4 50.00 4 66.67 3 50.00 17 56.67

9 7 70.00 5 62.50 4 66.67 4 66.67 20 66.67

10 8 80.00 5 62.50 4 66.67 3 50.00 20 66.67

11 6 60.00 5 62.50 4 66.67 4 66.67 19 63.33

12 8 80.00 5 62.50 4 66.67 3 50.00 20 66.67

13 7 70.00 6 75.00 3 50.00 3 50.00 19 63.33

14 8 80.00 6 75.00 4 66.67 3 50.00 21 70.00

15 7 70.00 7 87.50 4 66.67 3 50.00 21 70.00

16 8 80.00 5 62.50 5 83.33 5 83.33 23 76.67

17 7 70.00 6 75.00 4 66.67 4 66.67 21 70.00

18 8 80.00 6 75.00 5 83.33 4 66.67 23 76.67

19 8 80.00 6 75.00 4 66.67 4 66.67 22 73.33

20 7 70.00 7 87.50 5 83.33 4 66.67 23 76.67

21 7 70.00 7 87.50 4 66.67 3 50.00 21 70.00

22 8 80.00 6 75.00 5 83.33 5 83.33 24 80.00

23 7 70.00 6 75.00 4 66.67 4 66.67 21 70.00

24 8 80.00 4 50.00 5 83.33 3 50.00 20 66.67

25 5 50.00 4 50.00 4 66.67 4 66.67 17 56.67

26 6 60.00 5 62.50 3 50.00 3 50.00 17 56.67

27 8 80.00 6 75.00 4 66.67 3 50.00 21 70.00

28 8 80.00 6 75.00 4 66.67 4 66.67 22 73.33

29 8 80.00 7 87.50 4 66.67 4 66.67 23 76.67

30 8 80.00 6 75.00 5 83.33 5 83.33 24 80.00

Total results

x 7.28 67.5 08.4 63.3 76.20

S.D. 57.0 48.0 52.0 58.0

% 80.72 83.70 06.68 42.60 20.69

Total number of learners (number) 30

Number of students who have passed the percentage criteria 60
(number)

26

Percentage of learners with a passing score percentage 60 (18 score) 67.86

Average score of students (x) 76.20

Standard deviation (S.D.) 55.0
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5 Conclusions

Results of the student’s creative thinking who learned with massive open online course
(MOOCs) learning environment model for higher education. There are 2 phases, Phase
2 and Phase 3 in this study, the results will be presented as follows: Phase 2, the scores
obtained from measuring the creativity of students studying with the learning environ-
ment model [10]. Obtained from the students’ creativity measurement. Using it with the
target group in phase 2 of 20 people, it was found that the overall creativity score of a full
score of 30 showed that 20 students received a score of 18 or more, representing 80.00%
of the students. Dear all The mean score was 19.19 and the standard deviation was 0.54
and the creativity score for each aspect found that the ability to Fluency thinking had the
highest mean score of 7.10 and the standard deviation was 0.49. Accounted for 71.00%,
followed by the ability to creative thinking in Flexibility, Originality, and Elaboration
with average scores of 5.40, 4.00, and 3.40, respectively, which shows that the average
score of the learners passed the 60% as specified. Phase 3, The scores were obtained
frommeasuring the creativity of students studying with the learning environment model
[11]. Obtained from the students’ creativity measurement Using it with the target group
in phase 3 of 30 people, it was found that the overall creativity score of a full score of
30 showed that 26 learners received a score of 18 or more, representing 86.67% of the
students. Dear all with a gray mean of 20.76 and a standard deviation of 0.55 and a score
of creativity in each aspect found that the ability to Fluency thinking had the highest
mean score of 7.28. The standard deviation was 0.57, representing 72.80%, followed
by the ability to Flexibility thinking. Originality and Elaboration with average scores
of 5.67, 4.08, and 3.63, respectively, which shows that the average score of the learners
passed 60%.

Results of the student’s creative thinking that learned with model showed 60% of
the target passed at 60% of learning standard by the evaluation outcomes in research
phase 2 and 3. Their average creative thinking evaluation and S.D. values were 19.19,
20.76, and 0.54 and 0.55 respectively. In addition, the protocol analysis of the creativity
in those 2 phases illustrated that the students had such ability in terms of 1) Fluency 2)
Flexibility 3) Originality, and 4) Elaboration.
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Abstract. The purpose of this study was to study the design and development of a
learning environment model to enhance student’ self-regulation by using massive
open online course. The target groups used in the research were 1) content experts.
in design and media and technology, 3 people each, and 2) 80 high school students
at Sri KranuanWittayakhom School, Kranuan District, Khon Kaen Province. The
research model in this study is development research. It is research in many forms,
including document research. Survey research and pre-experimental research there
is a development process, namely the synthesis of theoretical frameworks and
design conceptual framework Synthesis of models and creating a learning envi-
ronment, and evaluating the effectiveness of the learning environment. The data
were analyzed by using basic statistics and interpreting conclusions. The results
revealed that the learning environment consisted of 7 components: Problem base,
Resource room, Self-regulation room, Cognitive tool Room, Collaboration Room,
Scaffolding Room, and Coaching room.

Keywords: Self regulation · Learning environment model ·Massive open online
course

1 Introduction

Continuous self-learning lifelong learning it is the process of change and development
that occurs in the person. As a result of acquiring knowledge, skills, or experience from
education, perception, knowledge, skills, and attitudes, which can be learned by system-
atic or non-systematic learning methods. causing that person to develop himself. The
process of change and development that takes place in the person. As a result of acquir-
ing knowledge, skills, or experience from education, perception, knowledge, skills, and
attitudes can be learned through different learning methods. systematically or not sys-
tematically causing that person to develop himself which is the nature of the new era of
higher education students. In teaching and learning management, teachers should focus
on enabling learners to learn on their own. The teacher is a coach to help support and
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promote the knowledge creation of learners. That encourages learners to build their own
knowledge and a paradigm shift in how to create knowledge through cognitive processes
that focus on students to create knowledge by taking action through their own thought
processes. Connect prior knowledgewith newknowledge and expand the cognitive struc-
ture and provide a learning environment that fosters the learner’s knowledge-building
process. including principles Theories and characteristics of media technology that are
consistentMassive Open Online Courses will be open online teaching and learningman-
agement system. which is characterized by allowing an unlimited number of people to
attend. It is an open system where everyone can attend. Free of charge and using online
technology as a learning aid.

The researcher recognizes the importance of encouraging learners to develop self-
regulation skills by using an open online teaching system. Therefore, the researcher has
an idea to study the design and development of a learning environment model to enhance
student’ self-regulation by using massive open online course. Using an open online
teaching system Based on the development of theoretical framework, related theories,
and research studies on knowledge creation. Contextual Fundamentals Fundamentals of
Learning Psychology Fundamentals of Pedagogical Sciences Fundamentals of media
characteristics and media symbol system creative fundamentals to design and develop
a learning environment that focuses on the learners to learn the subject matter while
developing an emphasis on the cognitive process, where the findings will lead to the
development of the quality of the learners.

2 Literature Review

2.1 Self-regulation

Self-Regulation refers to the way students become experts in their own learning process.
Neither mental abilities nor acting skills Self-control, rather than the process of self-
control, whereby learners transform their mental abilities into job-related skills in areas
of work such as academics, sports, music, and health [2]. Learn with goal setting self-
awareness Develop strategies for learning, controlling one’s job satisfaction, and self-
assessment to adjust the course of action to achieve goals. which consists of 1) Goal
Setting is to record the goals of the learners in learning. 2) Self-efficacy is the perception
of a learner’s ability 3) Task strategies are strategies for planning learners’ learning. 4)
the satisfaction of learners from the assessment of the learners’ own performance.

2.2 Learning Environment Model

The learning environment is the application of teaching methods based on the character-
istics of media on the network known as Web-based learning environment is teaching in
the classroom that takes advantage of the Internet as a medium of teaching in such a way
that students can interact with the content to be learned and Teachers and learners use the
properties of technology on the network tomanage teaching that has the feature of hyper-
linking. multidimensional text is a text or hypermedia link that is a media link with an
important feature of the Internet. Presenting content that is text, static, audio, animated,
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or videoWhich is prepared in the formof hyperlinks that allow learners to choose to study
as theywish. Communication on the Internet: Learners can communicate with each other
or interact with each other either person-to-person, learner-to-group, or group-to-group.
Information searching is a tool that allows learners to search for additional information
[7].

2.3 Massive Open Online Course

Massive Open Online Courses, or MOOCs, are defined as an open learning system that
emphasizes broad participation and accessibility in an unlimited number of learners. It
is characterized by allowing access to an unlimited number of people. It is an “open”
system that everyone who wants to study must learn. Without the cost of studying and
use online technology as a tool Open education for lifelong learning [3] to enroll in
classes and learn through online platforms [8]. That supports the design of a learning
environment to enhance self-regulation.

3 Purposes

To design and develop a learning environment model to enhance student’ self-regulation
by using massive open online course.

4 Method and Result

4.1 Scope of Research

This research is a Type II model search research of Richey & Klein (2007) [7] focusing
on the design and development of a learning environment model to enhance student’
self-regulation by using massive open online course. It is a model development research
in many forms, including document research. survey research and pre-experimental
research.

4.2 Target Group of the Study

The target groups used in the research were 1) content experts. in design and media and
technology, 3 people each, and 2) 80 high school students at Sri Kranuan Wittayakhom
School, Kranuan District, Khon Kaen Province.

4.3 Research Design

This research Focus on the design and development process of the model. Based on the
instructional design theory and using educational methods, consisting of (1) synthesis
of theoretical framework, i.e. the study of theoretical principles; context studies and a
synthesis of a theoretical framework. (2) synthesis of a designing framework for design
a learning environment model. (3) synthesis of a learning environment model and eval-
uating the learning environment model. (4) The design and development of the learning
environment.



Designing of Learning Environment Model to Enhance Student’ 545

4.4 Research Instruments

This study The tools used consisted of (1) tools used for collecting data on the synthesis
of theoretical framework, i.e. audit log form and document analysis; Survey on the
context of learners Teacher’s Context Survey on context, environment and learning
support Theoretical Conceptual Synthesis Record Form (2) The tool used for collecting
the data of synthesis of a designing framework, i.e. the Record Synthesis of a designing
framework for design a learning environment model (3) the instrument for collecting
the Synthesis Data. The learning environment model is the record form of the learning
environment model synthesis. Learning Environment Model Assessment Form (4) The
tools used for collecting data on the design and development of the learning environment
model are the learning environment design and development record form. Survey on
characteristics of learning environmentmodel designers and (5) the learning environment
model survey and practitioners.

4.5 Data Collection and Analysis

Data Collection and Analysis Model development is as follows:
The synthesis of theoretical framework consists of 1) a study of theoretical principles;

The researcher collects data on principles and theories. by recording various data in the
audit log form and analyzing the document; 2) the study of the context The researcher
collected the data by having the learners, tutors, survey the context and the information
technology staff to survey the learning environment and support. The data were analyzed
using basic statistical values such as mean, standard deviation, percentage, summary
interpretation. and analytical lectures.

The synthesis of a designing framework for design a learning environment model.
The researcher collected the data by recording various data in the Synthesis Record
Form for the Learning Environment Model Design Concept. and analyze the data by
summarizing and interpreting and analytical lectures.

The Synthesis a learning environment model. The researcher collected the model
synthesis data by recording various data in the learning environment model synthe-
sis record form. and analyze the data by summarizing and interpreting and analytical
lectures. Then, the researchers assessed the learning environment model. Data were col-
lected to assess the learning environmentmodel by using the learning environmentmodel
assessment form. and analyze the data by summarizing and interpreting and analytical
lectures.

Design anddevelopment of the learning environmentmodel. The researcher collected
data on the design and development of the learning environment. By recording various
information in the learning environment design and development memorandum. and
analyze the data by summarizing, interpreting, and analyzing narrative.

4.6 Research Results

Design and development of a learning environment model to enhance student’ self regu-
lation by using massive open online course. The researcher collected data on the design
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and development of the learning environment. In this study, the results are presented in
three parts as follows:

The synthesis of theoretical framework of the learning environmentmodel to enhance
student’ self-regulation by using massive open online course consists of 5 fundamentals:
Context base, Psychology base, self-regulation base, Pedagogical base and Media and
technology base (Fig. 1).

Fig. 1. Theoretical framework of the learning environment model.

The synthesis of a designing framework for design a learning environment model
consist of Stimulation of cognitive structures and self-regulation, Cognitive balancing
and self-regulation support, Promoting the expansion of intellectual structures and self-
regulation, and helping and supporting knowledge creation.

The synthesis of the learning environment model consists of 7 components: Problem
base, Resource room, Self-regulation room, Cognitive tool Room, Collaboration Room,
Scaffolding Room, and Coaching room (Fig. 2).

Fig. 2. A learning environment model synthesis to enhance student’ self-regulation by using
massive open online course.

5 Conclusions

The results of the design and development of a learning environment model to enhance
student’ self-regulation by using massive open online course. The researcher collected
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data for the design and development of the learning environment as follows: (1) The syn-
thesis of theoretical framework of the learning environment model to enhance student’
self-regulation by using massive open online course consists of 5 fundamentals: Context
base, Psychology base, self-regulation base, Pedagogical base and Media and technol-
ogy base. (2) The synthesis of a designing framework for design a learning environment
model consist of Stimulation of cognitive structures and self-regulation, Cognitive bal-
ancing and self-regulation support, Promoting the expansion of intellectual structures
and self-regulation, and helping and supporting knowledge creation. (3) The synthesis
of the learning environment model consists of 7 components: Problem base, Resource
room, Self-regulation room, Cognitive tool Room, Collaboration Room, Scaffolding
Room, and Coaching room.
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Abstract. Given the ongoing debate among educators regarding the effect of
social networks on education, our aim in this article is to explore the perceptions
of students towards using Facebook as a learning environment. In this vein, on
the basis of the survey we carried out among university students, it was revealed
that 87.4% of the informants resort to this Web-based community to improve
their learning. Facebook has, actually, been reported to provide students with an
ideal opportunity to access a plethora of learning resources and all class-related
information and activities. It also allows them to discuss different topics with
classmates and peers and enables them to seek help on learning problems they
encounter. Despite the significant role that Facebook plays in boosting students’
learning experience, 72.3% of the subjects noted that no interaction occurs with
teachers on this platform. Facebook might, thus, be considered to be more useful
for informal rather than formal learning.
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1 Introduction

Given the rapid advances in information and communication technologies over the past
couple of years, the Internet has become a participatory and collaborative platformwhere
users can interact and collaborate with each other as well as an open space where they
create and share digital content. This evolution of the Web from a set of simple static
pages to a more dynamic and collaborative web has been accelerated by the emergence
and proliferation of a wide range of Web 2.0 applications, commonly known as social
media. The latter includes a variety of applications, namely social networks, media
sharing websites and discussion forums.

Today, these web-based communities are widely used by millions of people around
the world for a variety of purposes. Given their ubiquity, they have influenced both
our personal and professional lives. These online services and tools have impacted how
people communicate and interact with each other. More importantly, they affected the
way many processes and activities are carried out in diverse fields. The effect of social
media is already felt in a variety of domains. Nevertheless, one of the fields in which
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their use is likely to be beneficial is education [1–4]. This is primarily due to the fact
that a large number of social media users are teenagers, most of whom are undoubtedly
students. The latter are deeply immersed in these virtual spaces and have recourse to them
not only for communication and entrainment, but for educational purposes as well [5–8].
Our purpose in this work is, therefore, to examine the usefulness of these digital tools
in education. Nonetheless, analysis in the present work will be confined to examining
the role that social networks (namely, Facebook) potentially play in enhancing students’
learning.

2 Students’ Views on Using Facebook as an Educational Platform

Given the students’ immersion in social networks, there is an ongoing debate regarding
the potential impact of these technologies on the learning experience and academic per-
formance of students [9–11]. In fact, despite the numerous opportunities that these social
media platforms offer to both students and teachers, many educators still question the
usefulness and value of incorporating these web-based platforms in education. Concrete
evidence that confirms or refutes these arguments are, thus, needed [12, 13]. The aim of
the present section is, therefore, to examine the students’ views on using Facebook as
an educational tool.

2.1 Research Methodology

To investigate the potential effect of Facebook on education, a research study was under-
taken to examine how students use this social network and how they view its role in
fostering their learning experience. For this purpose, a web-based questionnaire was
administered to students at Mohammed V University, Morocco. The target population
for the present study was mainly engineering and master students, specialized in infor-
mation and communications technologies. Their age varies between 20 and 25. The
questionnaire was sent to both male and female students. However, no gender-based
analysis in carried out in this work. The adoption of an online rather than a classical
paper-based questionnaire was driven by the fact that online surveys enable us to reach
the great majority of the participants and that data retrieval and analysis in such question-
naires is much easier and faster. The tool that was used for data collection and analysis
is Google Forms.

Ethical approval for the study was obtained from all the subjects before the study. In
fact, all the prospective participants were informed (via email and on the online form)
about the purpose of the research study and were also notified that all their responses
would be anonymous and that their participation is entirely voluntary.

The survey that was administered to the students was based on closed-ended ques-
tions, which can only be answered by selecting from a limited number of options. It
consisted of two major parts. The first part was concerned with the subjects’ usage pat-
terns of Facebook while the second was devoted to collecting data about the informants’
perceptions towards the use of this online network as a learning platform.



550 R. Faizi and M. Rudneva

2.2 Data Processing

Analysis of the data that was retrieved from the survey showed that most of the inter-
viewed students are deeply immersed in this social network. In fact, more than 94% of
the surveyed 420 students are active members of Facebook. The students’ immersion
in this social networking site is clearly demonstrated by the usage frequency of this
platform. The findings of the present study, actually, show that a considerable number of
students who answered the questionnaire spend a huge amount of their time browsing
this online network. Consult the illustration below.

Less than 1 hour: 
3,7% 1 - 2 hours: 6,3%

3 - 5 hours: 
24,5%

5- 10 hours: 
26,1%

More than 15 
hours: 39,4%

Fig. 1. Number of hours that students spend on Facebook per week.

As Fig. 1 explicitly exhibits, the great majority of respondents (90%) spend at least
3 h a week on Facebook while only 10% of these students get connected for no more
than 2 h. This obviously demonstrates that using Facebook is a priority among higher
education students.

When inquired about the main reasons for using Facebook, the informants noted that
they resort to this social network for different reasons. Results of this study showed that
the informants use Facebook to interact with friends and family, meet new people, be
entertained as well as follow trends. But in addition to these purposes, the participants
in the survey were found out to use Facebook more importantly for educational reasons.
Indeed, 87.4% of the students who participated in the survey reported that they use this
online community essentially to enrich their learning experience in different topics and
subjects. In this respect, the subjects claimed that Facebook allows them to have access
to a plethora of valuable learning materials (i.e. links to tutorials, assignments and other
useful resources). It also enables to discuss distinct topicswith classmates, seek feedback
or help on problems that are having as well as check for class exercises and homework.
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To get more concrete evidence on the reasons of using Facebook as a learning plat-
form, the respondents were asked to indicate the people that they interact most with
on this social networking website. The subjects were asked to rank three options (i.e.
friends, classmates/peers and new people) from most to least important. The results are
illustrated in the figure given below (Fig. 2).

81.20%
72.10%

15.50%

Classmates/peers Friends New people

Fig. 2. Individuals with whom students interact on Facebook.

As the figure clearly displays, the people that the surveyed students communicate
mostlywith are classmates or peers (81.20%).As such, discussion on this online platform
is likely to be around educational issues. This confirms the idea that Facebook can serve
as a learning environment.

To back up more the assumption or idea that Facebook can be used for educa-
tional purposes, the subjects were particularly asked about their typical activities and
contributions on this social media platform. In this context, the findings of the survey
revealed that a considerable number of respondents are actively engaged in creating and
publishing educational content. Among the most common contributions of students are
making comments or providing feedback (53.3%), proposing links to learning resources
(39.9%), making announcements of academic activities or events (35.3%). Nonetheless,
about 30% of the informants admitted that they make no contributions on Facebook.
Their use of this social is merely limited to following what other students or peers post.

Furthermore, since some educators have been questioning the validity of using Face-
book in education settings and its effect on students’ learning, the participants in the
survey were also inquired about the impact that this online network might have on their
academic performance. To this end, the informants were asked to select one of the fol-
lowing five options, namely “very positive”, “positive”, “neutral”, “negative” or “very
negative”. The answers of the respondents are summarized in the figure given below
(Fig. 3).
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0.8%

17.4%

35.7%

39.1%

7.0%

Very negative

Negative

Neutral

Positive

Very positive

Fig. 3. Students’ views on the impact of Facebook on their academic achievement.

Even if the informants diverge as to the kind of impact that Facebook has on their
learning outcomes, almost half of the informants (i.e. 46.1%) converge on the fact that
this social media platform positively impacts their learning experience. By contrast,
35.7% of the participants are still confused as they are not able to decide whether the
effect is negative or positive.

Despite the fact that only theminority of the informants (i.e. 18.2%) believe that Face-
book could have a negative impact on students’ learning and despite the great educational
opportunities of Facebook as a communication tool, it has been noted that interaction
between students and teachers on this platform is minimal. In actual fact, when the
respondents were asked whether they interact with faculty on this social platform, the
great majority (72.3%) stipulated that no interaction seems to take place between them
and instructors on Facebook. Moreover, of all those subjects who claimed to communi-
cate with teachers (27.7%), only 13% stated they interact only with one single faculty
member on this platform.

To get more information regarding the lack or scarcity of interaction between stu-
dents and teachers on Facebook, the informants were further asked if they would accept
teachers as members of their Facebook groups. In this context, it was found out that
58.3% of the subjects were for teacher-student interaction. However, 5.2% were against
while the rest (i.e. 36.5%) were neutral. The absence of mutual interaction between stu-
dents and teachers on social Facebook is, thus, likely to be due to the reluctance of faculty
members to embrace such tools in education. Many studies have, actually, shown that
many instructors tend to avoid using such platforms for fear that the boundary between
teachers and students might quickly get blurred [14].

Bearing in mind the findings outlined above, it is clearly evident that Facebook
supports education thanks to the advantages it offers to the major educational actors,
namely end users and learning providers. Therefore, in contrast to the belief that this
social network can have a negative effect on students’ academic achievement, it has
become clear that, via this online platform, students can interact with classmates and
peers, easily access valuable learning materials and learn in social ways. On the other
hand, teachers can use this social network to instantly interact and communicate in an
efficient way with students and with the learning community. Furthermore, they can gain
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insights into what and how these students are learning. These findings are consistent with
those of many preceding research works, namely [15–21], which all confirm the positive
impact that Facebook can have on the learning experience of higher education students.

3 Conclusion

The main objective of this work was to examine the potential impact of using Facebook
in education. For this purpose, a questionnaire was submitted to a group of Moroccan
university students to identify their perceptions on the use this online social network as a
learning/teaching platform. The findings of the present research work demonstrated that
the majority of the surveyed students are greatly immersed in Facebook as they use it not
only as a source of entrainment or as a communication channel but as learning tool aswell.
In this respect, they noted that this virtual community gives them easy access to a wide
range of learning resources and to class-related information and activities. Moreover, it
enables them to interact with their classmates and peers and to get feedback and help
on problems that they encounter while learning. In spite of the considerable educational
benefits that Facebook has, it was noticed that the number of faculty members who use
this online community to interact with students is still insignificant. Nevertheless, given
the growing popularity of Facebook and of many other social media platforms over the
years, these social networking websites should be incorporated in education settings to
support learning and teaching practices.
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Abstract. The underrepresentation of women in science, technology, engineer-
ing, art, and mathematics (STEAM)-related fields remains a concern for educators
and the engineering community. Females tend to need more social support and
learn better within a group. Using Project-based Learning (PjBL) seems to provide
a supportive approach for female students to engage with STEAM. We adopted
IDEO’s design process to evaluate the progress both female and male students
made after participating in a PjBL-STEAM course. 137 high school students were
recruited in this course to tackle the task to build a truss tower. Both female
and male students evidenced significant progress in all constructs of engineering
design thinking ability. In addition, there was no significant difference between
female and male students’ posttest result. Our research echoes earlier research
that female students can benefit from group work and develop substantial learning
outcomes from PjBL-STEAM course.

Keywords: STEAM · Science-technology-engineering-art-math · Project-based
learning · Gender · Female engineer · Engineering design thinking

1 Introduction

The underrepresentation of women in science, technology, engineering, art, and math-
ematics (STEAM)-related fields remains a concern for educators and the engineering
community [1]. Not only is this difference in gender considered an inequality issue,
but the lack of numbers of capable STEAM workers also trigger researchers and policy
makers to pay more attention to such imbalance [2]. Some cross-disciplinary researches
have postulated why such a gender gap exists, although these reasons for the gender
gap seem to be complex and contentious, the two major themes of ability and attitude
emerge [1]. Generally speaking, female students may not receive adequate attention in
STEAM courses, while community support has a strong influence on woman’s selection
of majors and retention in the classroom [2, 3]. Indications are that peer support and
group oriented learning activities could benefit female students in STEAM learning.

Project-based Learning (PjBL) is a type of active learning that engages students to
develop their own understanding of a domain by applying its methods and principles [4]
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to the development of a project. A meta-analysis of 225 studies across STEAM disci-
plines (biology, chemistry, computer science, engineering, geology, math, physics, and
psychology) showed a benefit of active learning approaches on outcomes such as exam
performance [5]. Furthermore, PjBL-STEAM courses can enhance higher level abilities
such as metacognition, reflection, and design thinking as well as subject knowledge (for
example mathematics and science) [6].

Engineering design thinking is a complex, critical high level ability in the engineering
discipline. It is identified as a cornerstone of interdisciplinary STEAM [7]. Throughout
the engineering design process, design thinking approaches use solution-based methods
to explore human-centered values. How a designer thinks can be defined as the cognitive
process and strategies employed by a designer while working on a design problem.

Although it is clear that engagement in PjBL-STEAM courses benefits students, the
influence on individual students varies by achievement level, ethnicity, and culture [8].
However, few studies exist on the perceived improvement in engineering design thinking
and the possible influence by gender.

The thesis of this research is that studying the relationship between different genders
and engineering design thinking ability could contribute to addressing this gap. This
study may also identify the areas where a PjBL-STEAM course might be beneficial.
Therefore, this study attempted to explore the influence of gender on engineering design
thinking when engaged in STEAM through PjBL.

Based on previous literature, we developed a PjBL-STEAM course around a chal-
lenging engineering project that aimed to build a water tower using a truss that can with-
stand the most severe earthquakes. The goal of this task was to build a truss tower with
minimum material (constraint) while withstanding maximum earthquake forces (func-
tion). Students learned elements of STEAM knowledge in their introductory classes,
and integrated this when constructing the water tower. We tested students’ engineer-
ing design thinking ability before and after the course. Finally, we analyzed the role
of gender in engineering design thinking ability to determine whether gender is related
engineering design thinking ability. In the following text, we will describe PjBL and its
benefits in STEAM education, engineering design thinking, and the influence of gender.

2 Literature Review

2.1 PjBL and Its Benefit for STEAM Education

PjBL is a pedagogical approach that organizes learning around projects [8]. Blumenfeld
et al. [9] considered PjBL to be a comprehensive perspective focused on teaching by stu-
dents’ pursuing solutions to nontrivial problems through asking and refining questions,
debating ideas, making predictions, designing plans and/or experiments, collecting and
analyzing data, drawing conclusions, communicating their ideas and findings to others,
asking new questions, and creating artifacts.

PjBL has gained popularity compared to traditional lecturing methods, since PjBL
allows students to gain broader and deeper understandings about a subject and also
allows students to engage in more relevant and contemporary learning opportunities.
Furthermore, it triggers higher-level skills such as exploring, creating, and constructing



Gender Differences in Engineering Design Thinking 559

solutions, rather than lower-level cognitive learning, such as reading and memorizing
which is usually associated with traditional lecturing [8].

Furthermore, PjBL serves as an ideal pedagogical approach for STEAM educa-
tion, especially for engineering. Tseng et al. [10] found that PjBL activity signifi-
cantly integrates STEAM and enhances students’ attitudes toward engineering. Students
also mentioned that this course was useful for their future careers. In addition, PjBL
helps students gain conceptual and procedural knowledge. Fan and Yu [11], through a
quasi-experimental study, also found that conceptual knowledge and higher-order think-
ing skills can be improved. Brears et al. [12] suggested that project-based curricula
provide a natural approach to supporting the integration of STEAM disciplines, mir-
roring real-world processes used by engineers when solving problems or developing
innovations.

2.2 Engineering Design Thinking

In recent years, engineering design has received substantial attention as an essential
component of STEAM education. Some scholars believe that the PjBL-STEAM tenet
that integrates engineering design principles can enhance real-world applicability [13].
Without emphasizing the practice of engineering design, STEAM education could be
less meaningful.

Design thinking refers to the cognitive processes and strategies employed by design-
ers when working on design problems [14]. Mentzer et al. [15] concluded that design
thinking is a creative way of problem solving and promotes the development of diverse
ideas, which are essential for innovation. In short, it includes analysis/synthesis, diver-
gent/convergent thinking, visual analogy, overcoming fixation, and creativity [16].
A common empirical method to study design thinking is by excavating the thought
processes that designers go through when performing design tasks [14].

In order to develop or evaluate student’s design thinking ability, teachers often
adopt IDEO’s design thinking process [6]. The process consists of five phases (Fig. 1):
Discovery, Interpretation, Ideation, Experimentation, and Evolution [17].

1. Discovery 2. Inter-
pretation

3. Ideation 4. Experi-
mentation

5. Evolution
Number of 
possibilities 

Phase

Fig. 1. IDEO design thinking process [17]
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2.3 Gender’s Difference in STEAM Learning

The underrepresentation of women in STEAM-related fields remains a concern for edu-
cators and the engineering community [1, 18, 19]. Not only is this difference in gender
considered a justice issue, it is also political and economic issue [2].Many people believe
the recruiting and retaining of woman engineering students is an effective method to
boost numbers in the engineering professions as well as stimulate the economy [1, 20].

Some cross-disciplinary researchers have discovered why such a gender gap exists
[1]. First of all, there are gender differences in confidence, belongingness, and parental
encouragement related to STEAMcareers [1]. Furthermore,women also perceived them-
selves as less similar to the prototype of a STEAM professional, such as a scientist or an
engineer, than men did [1]. While these reasons for the gender gap seem to be complex
and contentious, the two major themes, ability and attitude, emerge [19].

However, these two factors are not independent from each other. For instance, atti-
tude is heavily influenced by school achievement, and high-performing students are
more likely to pursue well-paid careers, such as STEAM-based jobs. Although some
studies found females tend to earn higher school grades thanmales, including in STEAM
subjects, other studies show that males perform better than females in subjects likeMath
and Physics [3, 18–20]. Furthermore, the support of a community has a strong influence
on woman’s selection and retention in classrooms and workplaces [2]. The numbers
of female peers and group oriented learning activities could benefit female students in
STEAM learning [3].

As shown earlier, PjBL not only has students working on real life problems, but it is
usually done in a group. It is also known as an effective method to develop student’s high
level abilities such as design thinking. Lou et al. [21] used a PjBL internet-based platform
to allow female students to develop integrated STEAM knowledge by designing a solar
car. They found that PjBL enhances students’ attitudes toward future STEAM careers
and also facilitates acquiring science and mathematics disciplinary knowledge.

Although PjBL-STEAMcourses have been shown to benefit students, their influence
on different students varies by achievement level, ethnicity, and culture [8]. However,
few studies exist on the improvement in engineering design thinking and the possible
influence of gender.

As shown here, studying the relationship between gender and engineering design
thinking ability could contribute to addressing this gap. Therefore, this study attempted
to explore the influence of gender on engineering design thinkingwhen learning STEAM
through PjBL. In our research, we explore the following questions:

1. What is the influence of gender on the learning outcomes of engineering design
thinking from a PjBL-STEAM course?

2. Is there a gender difference in improvement of engineering design thinking ability
after a PjBL-STEAM course?
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3 Method

3.1 Participants and Procedures

A total of 137 high school students in 20 schools voluntarily participated the PjBL-
STEAM class. 62 students are female (45.3%) and 75 students are male (54.7%). The
goal of this course is to have students build a truss tower with minimum weight that
withstands the maximum earthquake possible (Figs. 2 and 3). The course lasts 10 weeks
and its activities include: the introduction of earthquake and building safety, the analysis
of truss tower structure, using of CAD system (2D), using of CAD system (3D), using a
3D printer, truss tower structure manufacturing and assembly, strength test and analysis,
re-design and re-test. Before the course began, each student needed to fill out the pre-
test of IDEO (2012) engineering design thinking. After finishing the course, the students
would fill out the post-test of the same questionnaire to evaluate their improvements.

Fig. 2. Female students learn to design water tower in groups

Fig. 3. A female student analyzing the existing structure
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3.2 Engineering Design Process Inventory

Due to the popularity of IDEO’s design process [17] among STEAM teachers when
designing courses [6], we adopted the process and modified the content to fit the engi-
neering purpose to assess student’s self perceived improvement in engineering design
thinking. Matching five stages of the IDEO model, Engineering Design Thinking is
measured by five constructs: Discovery, Interpretation, Ideation, Experimentation, and
Evolution. The final questionnaire consisted of 30 items, such as “I know how to evaluate
whether the designed product fits the constraint and requirement.” and “I will consider
as many varieties of engineering design in the beginning.” Students rated their percep-
tions on a 5-point Likert scale. Cronbach’s alpha was .73, .84, .82, .75, and .71, for each
construct respectively.

3.3 Data Analysis

We used SPSS 23 to compute the descriptive statistics and paired t-test to examine
whether male and female students’ engineering design ability improves after the course.
Furthermore, we used ANCOVA to examine the differences between male and female
student’s engineering thinking ability posttest when control the effect of pretest.

4 Results

4.1 Descriptive Analysis

The mean and standard deviation of pretest and posttest of each construct of engineering
design thinking is listed in Tables 1 and 2. As shown in Table 1, the lowest and highest
ability in pretest for female is Interpretation (3.98) and Ideation (4.36), separately. On
the other hand, the lowest and highest ability in pre-test for male is Interpretation (3.92)
and Discovery (4.27). In posttest, the lowest ability for female is still Interpretation
(4.34), but the highest ability become Discovery and Experimentation (4.51). On the
male side, the lowest ability remains Interpretation (4.32), and the highest changed to
Experimentation (4.48).

Table 1. Mean and Standard Deviation of female and male students’ pretest of each engineering
design stage

Engineering design thinking Female (N = 62) Male (N = 74)

Mean of pretest SD of pretest Mean of pretest SD of pretest

1. Discovery 4.35 .37 4.27 .42

2. Interpretation 3.98 .51 3.92 .62

3. Ideation 4.36 .46 4.19 .53

4. Experimentation 4.25 .43 4.21 .51

5. Evolution 4.15 .49 4.06 .59
* p < .05, ** p < .01, *** p < .001
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Table 2. Mean and Standard Deviation of female and male students’ posttest of each engineering
design stage

Engineering design
thinking

Female (N = 62) Male (N = 74)

Mean of posttest SD of posttest Mean of posttest SD of posttest

1. Discovery 4.51 .41 4.46 .36

2. Interpretation 4.34 .49 4.32 .45

3. Ideation 4.49 .46 4.41 .40

4. Experimentation 4.51 .40 4.48 .41

5. Evolution 4.32 .48 4.37 .43
* p < .05, ** p < .01, *** p < .001

4.2 Progress Between Pretest and Posttest

The paired t-test result is shown in Tables 3 and 4. All constructs of both female and
male show significant differences between pretest and posttest.

Table 3. Paired t-test for female pretest and posttest

Engineering design thinking Post-pre mean diff. S.D t p

1. Discovery .16 .36 3.47*** .001

2. Interpretation .35 .47 5.94*** < .001

3. Ideation .13 .44 2.34* .023

4. Experimentation .26 .36 5.70*** < .001

5. Evolution .16 .40 3.18*** .002
* p < .05, ** p < .01, *** p < .001

Table 4. Paired t-test for male pretest and posttest

Engineering design thinking Post-pre mean diff. S.D t p

1. Discovery .17 .35 4.12*** < .001

2. Interpretation .38 .52 6.24*** < .001

3. Ideation .21 .46 3.86*** < .001

4. Experimentation .25 .41 5.24*** < .001

5. Evolution .30 .51 5.08*** < .001
* p < .05, ** p < .01, *** p < .001
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4.3 Difference Between Female and Male

TheANCOVAresult is shown inTable 5.When the pretest of engineering design thinking
ability is controlled, we no interaction between gender and pretest of engineering design
thinking nor gender and the engineering design thinking posttest.

Table 5. ANCOVA for female and male posttest

Source of variance SS df MS F p ηp
2

COV pretest 9.04 1 9.04 113.48 < .001 .46

Gender .31 1 .31 3.85 .05 .03

Gender * COV .30 1 .30 3.72 .06 .03

Error 10.44 131 .08
* p < .05, ** p < .01, *** p < .001

5 Discussion and Conclusion

Our research shows that, learning in a PjBL-STEAM course such as building and testing
a truss tower, both male and female students’ ability in engineering design thinking
improved. All five constructs of engineering design thinking, for bothmales and females,
also improved significantly after the class. Furthermore, there is no significant difference
between male and female students in the posttest of engineering design thinking. This
suggests female students and male students may have similar levels of learning effect
from PjBL about STEAM.

Jagannathan andKomives [20] concluded that female students are less called upon in
class than their male classmates, and they may lose confidence or consider themselves
less fit for the roles of STEAM professionals. Not only did female students usually
perform poorer but they needed more support to succeed in STEAM fields than their
male peers. In our research, we found female students learnt as competently as male
students when engaged in projects in a group. Such result shows that females may learn
and perform at a similar level as males if an equal opportunity of learning and sufficient
same gender peers appearance in the environment [3]. Although the total number of
male students in the class was slightly higher than the total number of female students,
we did ensure that each female student was accompanied by one or more same gender
peers in their group.

In addition, we also echo earlier research that PjBL is an effective method to develop
high level STEAM ability, such as design thinking. Through problem focused real world
learning, students are more engaged as they feel they are able to make significant con-
tributions. Furthermore, the social learning and construction allows them to self-reflect
and monitor their own learning, which is critical in higher level ability [11]. As a result,
STEAM based PjBL is suitable for female student development as well as high level
ability development.
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6 Limitations and Future Direction

There are several limitations of this research. First of all, the sample of high school stu-
dents, both female and male, might be biased since only the self-registered and selected
students enrolled in the course and completed the study. Since students who voluntarily
participated in STEAM related courses may be more interested or confident in their
STEAM ability than the general student population. To verify the external validity, in
the future, this learning method should be extended to students with different intentions.
Secondly, since the questionnaire is self-evaluated, it is possible that bias may have
influenced reliability. For future research, it might be better if external evaluation, by
teacher’s or peer’s can be included to avoid such bias. Last but not least, although female
students had similar learning results as the male students, it may not be sufficient if we
aim to enhance female student’s interests and confidence. In future research, it would
be enlightening if more pro-female mechanisms are in place, such as peer and teacher
support, to verify the possible benefit to female students.
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Abstract. The academic community of the University of Aveiro (UA, Portugal)
has been called to debate learning experiences, to prepare forward-looking train-
ing systems, and to share practices. To achieve this, UA outlined a pedagogical
innovation Program that has been providing its teachers and students with differ-
ent technological and methodological options, to help prepare the future of digital
education. The objectives of the present paper are: (i) to present a dedicated Pro-
gram designed to support teachers’ professional development, and (ii) to report
two learning contexts that make use of the Program proposals. The two practices
involved Science, Technology, Engineering, and Mathematics (STEM) students.
The first part of this study follows a descriptive methodology, given the inter-
est in making the reasoning beyond the Program familiar to others. The second
part makes use of the case study methodology, presenting two cases that directly
derived from the application of the Program. The study provides insights regard-
ing e-learning in STEM Education at the UA and the impact of transformational
strategies on the community. To encourage active learning and transferability of
the Program to real-life situations in a non-formal context, a short-term activity is
proposed as a suggestion for future work.

Keywords: STEM education · E- learning · Digital education · Active learning ·
Pedagogical innovation · Teachers’ professional development program

1 Introduction

Teaching is a hard job. Also is learning. We learn while teaching and we teach ourselves
as we learn. So, whenever we speak about teaching, we also speak about learning and the
otherway around.Tohelp this journeyof teaching and learningbe savored each stepof the
way, several resources can be combined, including a multiplicity of emerging innovative
technologies and numerous active methodologies [4]. For this to happen globally and in
an integrated way, it is essential to give Higher Education Institutions (HEIs) the power
to engage academics and students, through the creation of shared moments of reflection
within the university community. The last two years have been full of challenges that,
in a very short time, compelled academics, students and institutions to tread new paths,
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fueling the creationof diverse learning and teaching environments. Thepoint is that trying
to combine all of this with successful pedagogies capable of providing beneficial and
optimized learning environments for all, requires assertive guidance from institutional
policy representatives.

The academic community of the University of Aveiro (UA, Portugal) has been called
to debate learning experiences, to prepare forward-looking training systems, and to share
practices. To this end, UA has been providing its teachers and students with spaces for
training and reflection on different technological and methodological options, to help
prepare the future of digital education, with the “Docência+” Program being one of
these spaces. The objectives of the present paper are: (i) to present a dedicated Program
designed to support teachers’ professional development, and (ii) to report two learning
contexts that make use of the Program proposals. The two later practices involving Sci-
ence, Technology, Engineering, and Mathematics (STEM) students, act as a framework
for STEM Education, either at the level of each scientific area individually, or at the
interconnection between them. To encourage active learning and transferability of the
Program to real-life situations in a non-formal context, a short-term activity is proposed,
as a suggestion for future work. Evidence from the Program’s webpage and from the
practices are used to explain the experience of the UA. Both descriptive and case study
methodologies are used.

The topic is relevant because, by sharing tangible applications of learning technolo-
gies and methodologies, in the case of STEM’s contexts, we hope to launch clues to
create more effective learning environments or at least contribute to reflection on the
theme. Furthermore, the increasing demand for STEM areas (where technology plays a
central role), puts the issue of learning strategies and the development of students’ skills
to the point.

This paper is organized as follows: after the introduction, the second section address
the “Docência+” program; the third section describes the methodology; the next section
presents the two case studies; to conclude, the chapter includes study’s limitations as
well as some suggestions and roads for future research.

2 The “Docência+” Program

2.1 Objectives and Context

The growing need to pay attention to the “teaching” dimension of Higher Education was
the basis of an initiative focused on the training and qualification of teachers [5]. This
initiative, that was called “Docência+”, came from the joint decision of the UA (through
its Teaching and Learning Nucleus) and the University of Minho (UM) (through its
Research Centre IDEA) [11].

The Teaching and Learning Nucleus of the UA, under the direct supervision of the
Rector’s Office, is an element to support the strategic definition of the institution. Among
its competences, we highlight “Streamline curriculum and pedagogical innovation pro-
cesses” and “Promote the training and pedagogical updating of teachers” [3]. The Centre
IDEA, coordinated by the Pro-Rectorate for Student Affairs and Pedagogical Innova-
tion, is conceived to promote, and value Innovation and the Development of Teaching
and Learning at UM [5].
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Being a top-down proposal, the Program brings together teaching staff, students, and
higher management bodies of the institutions’ government, though contributing to the
creation of a prepared and active community that is attentive to the teaching dimension
of the university work. The 1st edition of “Docência+” took place in July 2019 and
took the form of a training retreat. In fact, during the two and a half days of the event,
the participants were gathered in the same space (in a spirit of sharing and openness),
had access to training in many dimensions of teaching, intervened in workshops and
closely interacted with the responsible of the HEIs involved [5]. In the two editions of
2020 (July and September), capacity building for digital teaching and learning processes
was reinforced and a special emphasis was given to the role of students as agents for the
continuous improvement of institutions. Considering the pandemic context, the activities
took place in an exclusively online format [5]. The program combined synchronous and
asynchronousworking times, for a total of about 20 h. As the result of the entire Program,
the participants, organized in teams accompanied by two pairs of mentors from UA and
UM (including teachers and students), were invited to develop a transformation plan for
a course in which they were involved. This hands-on personalized work was particularly
relevant in the context of preparing the 2020 academic year, in which many courses
worked in a b-learning regime. As in the previous edition, the 2nd one focused on “How
to prepare a course in a b-learning model”, “How to use technologies and methodologies
in a teaching context”, “How to evaluate learning” and “How to evaluate the functioning
of courses considering their continuous improvement” [5]. Following the same line of the
previous editions, the 4th edition (July 2021) brings some news, such as IDP Journeys
(Inter-institutional Pedagogical Development days), thus promoting greater diversity
in sharing and discussion [5]. In all editions, enrollment was open to professors with
assigned teaching service, and participationwas free but limited to the existing vacancies,

All editions of the program (except the former) made use of a Padlet [1] that serves
as a repository of content and a space for sharing among all participants.

2.2 “Docência+”: Pack and Padlet

The topics covered by the different editions of the training, gave rise to a set of videos
with concepts worked on in the program, that were compiled in what was called the
“Docência+” Pack. These videos cover four big topics: blended learning, methodologies
and technologies, assessment in learning, and evaluation of the transformation of a course
[5]. All those videos are available at a dedicated YouTube channel [4].

To complement the Pack and create an interactive communication space, several
Padlets were also used. A Padlet is a digital tool that, by including images, links, videos,
or documents, can act both as a “mural” notice board and as an interactive space, enabling
either students or teachers to post or comment there. Its accessibility is an added value
as it is user-friendly and available just a click away. From a first initial mural, the user
is guided to different Padlets, each one designed to each of the four working topics.

Blended-Learning. This module begins with an introduction to the principles of
blended-learning, and then suggests different proposals for preparing a course within
this model. A guiding question to this model invites academics to self-reflect on their
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teaching practices, namely, on “To what extent do you believe that b-learning is possible
in your course?” [10].

Methodologies and Technologies. This module introduces and discusses some active
methodologies and digital technologies that can be used both in person and virtually.
Beginning with methodologies, the first part of this dedicated Padlet presents cross-
disciplinary approaches designed to motivate students to apply their knowledge to real-
world scenarios, thus promoting higher levels of cognition. In particular, Problem/Project
BasedLearning (PBL),ChallengeBasedLearning (CBL),Gamification andGameBased
Learning (GBL), Team Based Learning (TBL), Flipped Classes, and Think-Pair-Share
strategies. Regarding technologies, the second part also addresses different techniques,
namely Perusall, Audience Response Systems (ARS), Team Collaborative Software
(e.g., Miro, Trello), MindMaps (e.g., Mindmup, Mindmeister), Padlet, and Videos (e.g.,
Loom, Powtoon). A guiding question to this model invites academics to self-reflect on
their teaching practices, namely, on “How can I promote meaningful learning in order
to engage students in my course?” [10].

Assessment in Learning. This module introduces and discusses different types of
assessment for both face-to-face and virtual teaching. By going through this module,
teachers are invited to consider not only feedback strategies, or students as partners in
the assessment, but also to pay attention to the importance of soft skills, always with-
out losing sight of all aspects related to humanization principles (e.g., equity, inclusion,
transparency). A guiding question to this model invites academics to self-reflect on their
teaching practices, namely, on “How can I develop and present assessment solutions con-
sidering the articulation between the learning objectives and the assessment elements,
and the distribution of these in the space and in the environment?”.

Evaluation of the Transformation of a Course. This module reflets on the evaluation
of a course as a process of continuous improvement. This module represents the cul-
mination of the whole program as it invites to the hands-on transformation, and to the
continuous self-reflection on the design of the process.

3 Methodology

Based on the previous framework and with the purpose of collecting information about
the “Docência+” program, a descriptive methodology was adopted, given the interest
in making the reasoning beyond the program familiar to others. The second part makes
use of the case study methodology, presenting two cases that directly derived from the
application of the Program.

To clearly describe the Program, the data collection method was based on the infor-
mation available on thewebsites related to the program.Regarding the two following case
studies, data collection derived either from the webpage and documents made available
for the cases or from the teachers’ information on the design of the cases.

The investigation was carried out during the 2020/2021 academic year.
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4 The Learning Contexts

A total of 55 graduate students and 49 undergraduate students were enrolled in this study.
The next two sections present the two learning contexts.

4.1 The Research Methodologies for Social Sciences (RMSC) Course

Context. The RMSC is a mandatory course that integrates the curriculum of both the
Master in Finance and the Master in Marketing (so, STEM students were enrolled),
available at the Higher Institute for Accountancy and Administration of Aveiro Univer-
sity (ISCA-UA). It comprises 4 ECTS, with a 2-hour class once a week, and is placed
in the first semester of the first year. The general objective of this course is to provide
students with the necessary skills to write and present their master thesis, project work or
final report of internship [12]. The course is taught in two classes, one for each Master’s
degree. Both Masters took place in an after-work period, with classes taking place every
weekday, between 7 pm and 11 pm. The teacher responsible (TR) for this course has
attended the first two editions of the “Docência+” Program, and only after that time, she
decided to proceed with the transformation of the course. The case study we are now
going to report refers to the first semester of the 2020/2021 academic year. This means
that the course ran entirely in an e-learning mode, during the pandemic COVID-19 situ-
ation. A total of 55 students were enrolled: 25 in Finance plus 30 in Marketing. A total
of 13 classes were given in Finance and 14 in Marketing. For both Masters, two teachers
were addressed: the TR for the course (with a PhD in Social Sciences) and another one
in the specific area of Finance or Marketing, for each Master, respectively.

Learning-Design. The e-learning modality in which the RMSC operated, together with
the reflection and learning provided by the “Docência+” Program, challenged the TR
to embrace a different learning design than in previous years. A first encouragement
arose from the need to put into practice some of the learning that was achieved with the
Program. A second incentive came from the need to address online classes. After con-
sidering different options, the TR decided to use only a small number of methodologies
and technologies that, in some way, departed from the models more traditionally used in
the classroom, at least in what was the practice of that course to date. Since the learning
outcomes of the RMSC consisted of providing students with the basic knowledge of the
process of developing a scientific research work, necessary for the preparation, planning,
elaboration, and writing and oral presentation, it was considered essential to promote
spaces for debate and reflection. The idea was to provide students with different tools so
that they could respond to the expected outcomes, but, at the same time, to make them
reflect on the concept of what scientific research is and how it can be achieved. So, it
was our intention to make the RMSC a space for critical reflection that could involve
feedback from everyone (teachers and peers). Therefore, our first choice was to use a
Padlet, where interaction could take place, in an always up-to-date way. To this end, a
common Padlet was built for the RMSC, as a whole (Table 1); from this point onwards,
and when a more specific distinction was needed (namely for the works related to each
Masters, Finance and Marketing), students were referred to a specific Padlet (Table 2).
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Table 1. Common Padlet design.

Part Narrative Technology

About RMSC Basics: TR presentation, ECTS,
schedule, references

Documents
TED-Ed videos
YouTube videos
Self-made Videos
Survey
QR codes
Web links

Methodological script The path proposed: the Manual of the
Course, TBL, Think-Pair-Share,
Flipped Classes, Padlet, ARS,
TED-Ed Lessons, videos

Exploring ideas To know more about: Blended
Learning, Feedback

Assessment
(What you should know about it)

Assessment: types, why do it, how to
do it in the course

Masters’ Padlet’s Access to the Padlet in Finance and to
the one in Marketing

Evaluate the course The course’s evaluation: tools for the
regular evaluation of the CU

Workshops Information on elective workshops to
support the course

Discussion forum Place for discussion

Contents and classes Previous information on each class:
the content, what to prepare before
coming to class

Extra information Extra information to support the
course: templates, open classes

Table 2. Specific Padlet for each Master

Part Narrative Technology

Who am I? Students’ self-presentation Documents
VideosGroups’ creation Group identification

Groups outputs A column for each group to display its outputs

Models Templates to be used for each Master, respectively

To promote collaborative learning through group discussion and ideas’ sharing, our
second option was to use both a Think-Pair-Share or a TBL methodology. As a quickly
and easy tool to stimulate students, Think-Pair-Share [6] enables students to think over
a subject on their own for a minute, to discuss it with their neighbors for a couple of
minutes (giving them the appropriate time to uncover what they already know about
that subject), and to bring up questions and ideas to share with all the others. Besides
promoting collaborative learning, “TBL requires students to become active participants
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who are accountable and responsible for their learning” [9, p.55]. In fact, classes were
proposed as spaces for debate and critical reflection,with the teacher occasionally playing
a guiding role in each group reasoning (by using real-time virtual rooms). To keep
students’ interaction and learning flowing, the methodology concluded with a discussion
between-group.

Thenext challengewas then to get the students prepared for the synchronous sessions.
To incentivize students’ study before classes, a flipped methodology was used all along
the semester. This means that contents were available in an asynchronous way (through
Padlet within the Contents and Classes’ Tab), allowing students to access it, (to go back,
to read or play it again, and to raise questions) before they access synchronous classes.
So, when they came to classes, not only were they prepared to discuss the subject of the
class but also teacher had free up time to work with each group more individually.

To diversify the presentation of contents within the Padlet, several tools were intro-
duced, with videos being the most used. As most of the videos presented at the RMSC
were selected from the TED-Ed Lessons, the teacher not only saved time by not creating
them, but also was given the opportunity to decide on the lesson that best meets hers
objective.

To make the synchronous classes dynamics, less repetitive and increase interactivity,
ARSwere also used. This means that during classes, students were invited to access their
smartphones to answer different questions, give their opinion on some issues or rate a
statement. Mentimeter and VoxVote were the two apps used to get students’ feedback in
real time.

All these information was compiled in a booklet, entitled the Manual of the Course,
where students could find all the information they may need, namely about contents,
methodologies, assessment, or course’s rules. Students had access to this Manual from
their very first day in class.

Planification. To help students understanding the methodology of the Course, espe-
cially the one regarding the asynchronous work before the class, a plan of action was
provided (Table 3).

Table 3. Course Plan.

Class Syllabus What to do before class Methodologies &
Technologies

1 [date] The Course
Energizers for online
teambuilding

-- Manual
Padlet
ARS
TBL

2 [date] Why do I need to do a
research project?

Access Padlet at Previous
information on each class’s tab

Manual
Padlet
TBL

…
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Occasionally and according to the feedback received, some minor adjustments were
made.

4.2 The Didactics and Technology of Mathematics Course

Context. The course of Didactics and Technology of Mathematics (DTM) is a manda-
tory unit of the curriculum of the 1st cycle in Basic Education, available at UA. It consists
of 4 ECTS, with a 3-hour class once a week, and is placed in the second semester of the
third year. The general objective of this course is to mobilize and broaden knowledge
and abilities related to elementaryMathematics,manage/handle InformationTechnology
(IT) tools best suited for the exploration of the analyzed mathematical topics, organize
meaningfulMathematical learning experiences which foster the use of information tech-
nologies, develop and evidence autonomy in the development of educational activities,
promote team spirit in group work activities, and show pre-disposition for continuous
self-education within the scope of Mathematics Education. The course was taught in
two classes. The teacher (non-responsible) for this course attended the second edition of
the “Docência+” Program. The case study that we are now going to report refers to the
second semester of the 2020/2021 school year, in which this course DTM was part of a
larger project aimed to train future teachers to teach children through CBL. The course
ran in a b-learning mode during the COVID-19 pandemic situation. In total, 49 students
were enrolled.

Learning-design. The DTM worked in the context of a project, in articulation with the
course of Didactics of Natural and Social Sciences (DNSS). In this experience, students
were challenged to develop CBL projects in accordance with a common motto for both
courses. This motto was centered on the United Nations Sustainable Development Goals
(SDG – 14 and 15) [9] using technological resources and technologies to support active
learning. These projects allowed students to work with different areas in each topic, in
a STEAM strand.

The aim of the project was to deepen the experience and skills developed by students
in the CBL project, to challenge them to elaborate their projects more autonomously, and
to present and discuss them in a dedicated Forum, open to the entire community. Several
methodologies (e.g., CBL, Flipped Classes, Brainstorming, Mind Maps and Gamifica-
tion), and technologies (e.g., Mentimeter, Kahoot!, Google forms, Google docs, Loom,
Powtoon, Power Point, Padlet and videos) promoting active learning, were implemented
in those projects, according to the nature of the content and type of activities. Within
the Learning Management Systems (LMS) the option was to used Moodle and Padlet,
the later integrating all the courses involved in the project. In the presentations given in
the DTM course, the students used: Mind Maps, Kahoot!, videos (Fig. 1), Power Point,
Padlet (Fig. 2).
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Fig. 1. Some images of Kahoot! and video.

Fig. 2. Some images of Padlets (teacher and students).

Students had also to develop the guiding questions within each CBL project, more
specifically, for each of the scientific areas, DTM and DNSS. The work developed
throughout the semester (e.g., experimental activity reports, reading sheets) either in
class or in the context of autonomous work, was presented, in the form of a portfolio, in
a Padlet. Each student made an individual reflection on one of the activity plans proposed
by his CBL’s group, theoretically justifying the methodological options adopted.

Planification. To help students understanding the detailed proposal of the Course, espe-
cially the one regarding thework for the semester, a plan of actionwas provided (Table 4).
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Table 4. Course plan

Class Syllabus Methodologies & Technologies

1 General guidelines for teaching and learning
processes inMathematics

MindMaps
Padlet
ARS
Videos
Padlet
Kahoot!

2 Presentation and discussion of the basic ideas for
the CBL project – general and mathematics

3 Research in mathematics education involving
technology

4 Mathematical, curricular, didactic, and
technological aspects of mathematical topics to be
contemplated in the projects, in the logic of CBL

Occasionally and according to the feedback received, some minor adjustments were
made.

5 Final Remarks

Terms such as “co-creation of teaching and learning”, “students as partners” or “collab-
orative learning” have been gaining increasing attention from the academic community
(e.g., [2]). This growing interest has been motivating research to support practices, but
also practices that can lead to greater knowledge about which methodologies are most
appropriate to promote active learning and students’ engagement.Alongside these issues,
digital is also an unavoidable subject, given the growing use of blended or e-learning
modalities [8]. To respond to these needs and support teachers’ professional develop-
ment, different support structures aimed to create more effective learning environments
and communities of practice have been designed by HEIs.

The present paper provides an accurate and deep understanding of the power of a
transformational strategy on academics’ experiences at a Portuguese University, namely
regarding e-learning in STEM Education. It was not our intention to emphasize how the
“Docência+” approach affect each STEM area individually. Rather, we were interested
to report two learning STEM contexts that make use of a dedicated Program designed to
support teachers’ professional development. The contribution of this pedagogical inno-
vation Program to promote and disseminate innovative practices was essential for a dif-
ferent approach in classrooms. The methodologies and technologies presented allowed
us to have a greater and better knowledge of a range of teaching tools available, contribut-
ing to having students in the classroom literally more involved, increasingly committed
to their own learning and, thus, prepare the future of digital education among STEM
students. The continuous supportive evaluation of the several editions of the Program,
gives incentive to spread its reasoning, methodologies, and results of STEM practices
with technology.

The main limitation of this study lies on the fact that the use of the methodological
and technological proposals by “Docência+”, still do not have a continuous focus on our
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practices. The exploratory nature of this research does not allow the generalization of
results. However, the need to carry out four editions of the Program in just three years,
somehow seems to validate the perception of interest of HEIs in the professional peda-
gogical development of their teachers. Findings need further validation and additional
evidence should be collected in future studies. This does not imply that the conclusions
are not valid, but rather that their universality cannot be assumed without further and
more comprehensive studies being carried out.

Upcoming possibilities within this topic include considering other universities
(namely universities with distinct profiles), other countries, or different research pop-
ulations and samples. Another aspect to explore, would also be running the proposals
in non-formal contexts [4], encouraging the transferability of the Program to real-life
situations, as short-term activities.

Promoting and designing teaching and learning projects in various contexts, may
be stimulated by a top-down vision, within co-constructed and collaborative networks
focused on teaching practices and innovation. So, STEM learning in digital education?
Yes, please. Engage yourself in more dialogue, create knowledge, and have it your way!
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Bilingual Instruction Model for a STEAM
Course: A Preliminary Study

Fu-Rung Yang(B)

Department of Education, University of Taipei, Taipei, Taiwan

Abstract. This study proposes a natural science course for elementary school
students in Taiwan that combines the STEAM (science, technology, engineering,
art, and math) and CLIL (content and language integrated learning) models. The
course’s lesson plan explains the teaching content and procedures for teachers who
are interested in using English to teach STEAM-based natural science courses.
Compared with the lesson plans applied in traditional natural science and English
classes, the lesson plan of this STEAM–CLIL natural science course incorporates
problem-based integrated learning and may be used to train teachers to teach
natural sciences and to develop STEAM and bilingual teaching materials.

Keywords: Teaching model · STEAM · Bilingual instruction in natural science
curriculum · Content and language integrated learning

1 Introduction

Science, technology, engineering, art, and math (STEAM) literacy emphasizes students’
STEAM reading and writing ability and the integration of students’ knowledge to solve
practical problems [1]. STEAM education originated from science, technology, engi-
neering, and mathematics (STEM) education. STEM combines diverse subjects into
integrated courses and emphasizes the interdisciplinary nature of students’ learning pro-
cess. The STEM education policy was initiated in the 1990s in the United States and
subsequently implemented by three presidents of the United States. They promulgated
relevant education policies and regulations and passed the STEMAct in theUnited States
Congress to improve STEM literacy in the United States. In recent years, advocates of
the STEM-to-STEAM movement have caused a worldwide shift toward STEAM edu-
cation [2]. STEAM education is a teaching model that emphasizes an interdisciplinary
curriculum comprising science, technology, engineering, art, and mathematics. STEAM
curriculum design is guided by five components, namely cross-domain topic research,
hands-on learning, life applications for stimulating students’ curiosity, solving of real-
life problems, and application of five senses in learning [3]. STEAM literacy emphasizes
the development of literacy skills and cultivation of integrated knowledge among stu-
dents. Through a STEAM education, students learn to adapt and continue developing
their ability to solve practical problems [1]. Such an education also helps students to
apply interdisciplinary concepts to solve real-world problems.
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In response to globalization and international trends, Taiwan must improve the
English proficiency and competitiveness of its people. To this end, Taiwan has developed
a blueprint for becoming a bilingual country by 2030 [4]. Taiwan’s Ministry of Educa-
tion uses content and language integrated learning (CLIL) as its main teaching axis and
actively promotes the teaching of English in small and medium learning areas [5]. CLIL
is a teaching method that combines subject content with foreign language learning. In
CLIL, subjects such as mathematics, natural science, and social science are taught in
a foreign language to achieve the dual learning objectives of learning a language and
domain knowledge by means of learning integration [6]. The cultivation of students’
ability to use foreign languages to acquire new knowledge and communicate is a key
aspect of CLIL. Currently, the CLIL pilot program in Taiwan is primarily implemented
in elementary schools, particularly in the lower grades. Experimental courses mainly
involve the fields of life curriculum, integrative activities, health and physical education,
and the arts [5]. The goal is to allow students to familiarize themselves with a bilingual
environment [7]. CLIL teaching is not equivalent to English teaching. For each subject,
teachers can plan the ratio of Chinese language to English language instruction to suit
their attributes and goals [5]. The development of a CLILmodel suitable for the teaching
environment in Taiwan is a topic that warrants discussion.

In the present study, an ICIL teaching model suitable for application in STEAM nat-
ural science courses in Taiwan was developed. The related curriculum uses the “plants
in our daily life” theme to integrate natural science, English, integrative activities, math-
ematics, and art; it also encourages students to apply their imagination and curiosity to
understand and describe phenomena in the natural environment. This curriculum design
is a dual-objective learning model that incorporates subject content and language and
uses the natural science component of STEAM education as its main curriculum design
axis.

2 STEAM–CLIL Natural Science Curriculum

TheSTEAM–CLILnatural science curriculumproposed in the present study uses images
of specific plants and plant landscapes (Table 1).

The author of the present study has applied the aforementioned teaching plan in a
small community of natural science teachers who engage in practical teaching using

Table 1. STEAM–CLIL natural science curriculum

Teaching unit Plants

Teaching objectives Students can identify the parts and growth elements of plants

Teaching object Third grade

Context analysis This lesson plan does not emphasize full English instruction; Chinese is the main language of instruction for

this teaching mode. Only essential natural vocabulary and key sentence patterns are taught in English

Natural sciences principal axis Third-grade elementary school students have a complete conceptual understanding of the roots, stems, leaves,

flowers, fruits, and seeds of the six major parts of the plant. Students have the basic ability to observe plants

• Natural learning goals

The student can correctly name plant parts

(continued)
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Table 1. (continued)

Teaching unit Plants

Target language • Natural sciences academic vocabulary

Root, stem, leaf, flower, fruit, seed, sunshine, air, water

• Main key sentence pattern

What plant parts do you see?

• Social language

“Good job,” “repeat after me,” “please raise your hand”

English learning goals

Labeling the parts of a plant in English

Student can write out plant parts in English

Integrated learning Students can use English to discuss plant parts in specific situations

Student can write down the names of plant parts

Classroom management The teacher uses English language phrases related to classroom activities

Phrases used: “Repeat after me,” “please raise your hand,” “good job.”

Lesson plan design

Activity Procedure and Practice

Warm-up Question: “What is the effect of COVID-19?”

Story: Freud and Rilke were walking in the mountains in 1913. Rilke liked the beauty of the mountains very

much, but he couldn’t feel happy because of this beauty. Freud told Rilke that “flowers that only bloom for

one night will not appear less beautiful because of this.” We must accept the feeling of loss to appreciate the

beauty of flowers. Plants have the power to heal our soul

Search:

1. Guide students to explore and identify plants on campus

Show students a picture of the campus and state the following:

T: Look at the picture

T: This is a garden

S: I see…(expected answers: Banyan tree, lavender, Rosemary)

T: Do you see plants?

S: Yes, I do/No, I don’t

2. There are many plants around us in school

T: What is the word plant in Chinese?

T: What are plants?

T: Plants are living things that grow from the earth

T: Can you name the plants?

T: Where are they?

(continued)
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Table 1. (continued)

Teaching unit Plants

Natural principal axis Observation:

• Ask students to observe the plant

T: What is this?

S: It is a lavender plant

T: Is it a plant?

S: Yes, it is a plant

T: What plant parts do you see?

S: I see…

Target language The teacher asks a student to name plant parts

Student can name plant parts

This is the root

This is the stem

These are the leaves

These are the flowers

These are the fruits

These are the seeds

Integrated learning • The teacher shows the potted plants to students and points out the plant parts during a group competition

• One lavender plant requires 0.16 square meters of planting area. How much planting area is needed to plant

15 lavender plants? The teacher asks each group of students to calculate and share their results and

encourages them when they perform well

• The moisture meter can measure soil moisture. Please write down the steps for using the Micro:bit program

1. Leave the Duplicate Detection box

2. Turn on the Pin analog signal reading

3. Open the “variables” field

4. Insert the soil moisture detector into the soil

5. Select “basic” to display numbers

• The display and placement of plants influence our visual senses and emotional state when we learn to

appreciate them
“Please observe the following landscape image and talk about the change in your mood.” Students then

describe their mood changes after viewing the landscape image

End activity The teacher shows the plant and asks students to name plant parts
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English. The author used simple and easily understood English sentences during the
demonstration process. Teachers canflexibly adjust their lesson plans to suit their English
ability and teaching goals.

3 Practical Implications

The present study uses a specific teaching plan to describe a STEAM–CLIL natural sci-
ence curriculum. The proposal of this teaching model is expected to aid the development
of a feasible plan for promoting the STEAM bilingual education policy in the natural
science domain. It can be extended to other learning areas and used as a reference for
research and development programs in other learning areas.
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Abstract. In order to solve the problems faced by students when employing tra-
ditional teaching. The study uses the STEAM6E teaching methods for curriculum
design, allowing students to create videos, and then analyzes the emotional changes
of students at each stage. In this study, students are divided into 2 groups: the exper-
imental groups and the control groups. The teaching strategy of the experimental
group is to integrate the course content into the STEAM 6E teaching methods,
while the teaching strategy of the control group is to use the general traditional
teaching methods. The teaching experiment tool is video editing software. In the
courses, students can create their own works through hands-on practice based
on the Maker practical teaching philosophy and can continue to learn by sharing
their works and creative ideas with other students afterwards. The emotional per-
formance of each stage through AEQ is analyzed to explore the relevant research
on the relationship between academic emotions when STEAM andMaker is com-
bined with the STEAM6E teaching methods. The results have shown that through
STEAM 6E teaching methods, students, even with negative emotions in learning,
can still feel hopeful and proud toward learning.

Keywords: STEAM 6E · Academic emotions questionnaire ·Maker

1 Introduction

In the scenarios which employ traditional teaching, students will have negative emotions
when encountering problems in learning, and then their learning motives and learning
results are affected. Especially so for implementing courses, where students tend to
give up easily and readily. For example, in traditional teaching, teachers will use preset
themes, material and software to teach, and students will follow the steps designed
by teachers. When students start to make videos on their own, they often encounter
problems like can’t come up with creative ideas, don’t have the ability to find resources,
and lacking the technology skill to complete the job. Therefore, this research tries to solve
the problems encountered by students when learning by employing different teaching
strategies. Recently the scientific education revolution is an ongoing issue in the world.
It emphasizes the importance of search and implementation in the learning process,
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making the students think like scientists to solve the relevant problems relating to future
society and life science. US, HK, and Singapore all continue to promote technology-
education-basedSTEAMcourses revolution, to enhance the design and search abilities of
the students and thus enhance the future competition edge of their country (Herschbach
2011; Long and Davis 2017; Maeda 2013) [5, 9, 11]. International Technology and
Engineering Educators Association (ITEEA) has created a 6E teaching model about
STEAM education to ensure that the T(technology) and E(engineering) parts of STEAM
education are incorporated into courses learning, and thus can really be implemented in
real life. Course teaching is one of the main activities of education, with teaching mode
as the primary way to complete the course, cultivate and inspire students’ academic
emotions. Teaching mode is a paradigm or plan to build courses and assignments, to
select teaching materials, and to assist teacher activities. Also, under certain guidance
of educational thoughts, teaching and learning theories, teaching mode can, in some
specific environments, be the stable relationship between teaching activities factors and
the structural formof activity progression. Teachingmode canbe classified fromdifferent
angles. When looking from the angle of the main methods of implementing teaching
mode, there is one with traditional ways and one with different strategies. Without
exception emotion is involved in teaching part of the teachers and learning part of
the students in educational scenarios. In 2002 Schutz and Lanehart pointed out that
emotion is closely involved in every process of teaching and learning [18]. Therefore,
it is important to understand emotions in educational scenarios. However, in traditional
education concepts, emphasis is often put more on students’ cognitive learning, and the
impact of students’ emotion in education scenarios is often neglected. In 2002, Pekrun,
Goetz andTitz pointed out that there is little progression in studies on emotions impact on
education scenarios, except for emotions concerning examination anxiety and attribution
[14].

2 Literature Review

2.1 STEAM 6E Teaching Method

Now the STEM education has got a lot of attention from international education. STEM
has broadened the learning environment and learning realm. It changes the way of
teaching and learning, promotes the broad fusion of knowledge, and triggers innovation
of knowledge. In 1960, SCIS proposed a basic teaching mode, a teaching process to
scientific education, with 3 steps of exploration, invention, and discovery. In the field of
technology education, Barry (2014) has proposed 6E teaching methods based on the 5E
teaching circle, to strengthen the design and exploration ability in STEM education [1].
6E includes Engage, Explore, Explain, Extend/Elaborate, Enrich, and Evaluate. Each
section of 6E teaching methods represents a complete journey. Because students need
to think constantly in the process, each section has embodied STEM educational ideas
to some degree.

2.2 STEAM Courses Integration

STEAM consisted of the original STEM and the newly added video creation, which is
also a form of art. With the educational spirit of makers, students can share ideas in
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different fields and implement the ideas into practices. Thus, this research incorporates
both STEAM and the educational spirit and ideas of makers, to cultivate more cross-
domain talents, to best meet the latest society and international trend, and to explore the
plausibility of combining STEAM, maker education ideas, and video creating.

2.3 Academic Emotions

Academic emotions are the emotions, whether related to academic activity or results,
generated by learners after they make controlled and value cognition evaluation about
learning scenarios (Pekrun 2000; Pekrun, Goetz, Titz, and Perry 2002) [13, 14]. The
idea of academic emotions was first proposed by Pekrun in 2002 [14]. It depicted the
emotions experienced by students in the process of teaching and learning, and in aca-
demic activities. For example, academic emotions can be happiness when learning, or
anxiety when taking examinations, etc. Thus, academic emotions include all the posi-
tive and negative emotions experienced in every link of the learning processes. Students
have different academic emotions under different scenarios, and emotions also vary with
time and scenarios (Efklides and Volet 2005) [3]. Using activation (activate, deactivate)
and valence (positive, negative) as classifying factors, researchers divided academic
emotions into 4 categories: positive activate, negative activate, positive deactivate, and
negative deactivate (Pekrun et al. 2002) [14]. Positive activate academic emotions are
positive academic emotions that are activate, such as happiness, hope, and price. Positive
deactivate academic emotions are positive academic emotions that are deactivate, such
as comfort, relax, and satisfaction. Negative activate academic emotions are negative
academic emotions that are activate, such as anger, anxiety, and shame. Negative deac-
tivate academic emotions are negative academic emotions that are deactivate, such as
hopelessness and boredom.

2.4 Related Works

MacIntyre andGardner (1991) found different taskswill cause different level of students’
emotions of anxiety [10]. Jacob (1996) mentioned that learning scenarios is pertinent to
emotions. Students who feel teachers’ enthusiasm and positive feedback can have emo-
tions of happiness [6]. The research of Frenzel, Perkrum and Goetz (2007) also shows
pertinent relation between students’ learning environment and their academic emotions
[4]. Pekrun (2006) found that the self-regulated learning and creative solution also help
with students’ academic emotions of happiness [13]. Nummenmaa and Nummenmaa
(2008) did research on academic emotions and e-learning and found that students’ posi-
tive attitude toward the internet and collaborative learning is pertinent to their academic
emotions of happiness [12]. Chia-Ling Sung and Yuan-Chen Liu (2019) show when
students have greater motives, they will enjoy positive emotions more [2]. They’re more
likely to learn how to self-adjust, earn academic achievement, and acquire the ability
to solve problems by themselves. Rolling (2016) pointed out that the main character-
istics of combining STEAM courses with Project-Based Learning (PBL) are to design
real-life problems and offer students the opportunity to come up with solutions through
creativity selection and cooperation [17]. Quigley, Herro, Jamil (2017) thinks that real-
life scenarios should combine with problem-solving and cooperative learning [16]. 6E
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Learning by Design Model of STEM can cultivate students’ abilities to create and apply
through exploratory implementation activities. To sum up, we realize that students will
have multiple emotions in the process of learning. And students’ academic emotions are
closely related to teachers’ teachingmethods in teaching scenarios, feedback to students,
and learning tasks faced by students.

3 Methods

The processes of this research include initial research purpose and motive, related works
collection, courses design, activities, data collection and analysis, statistical data, and
final results.

3.1 STEAM 6E Courses Teaching Module

This course is for video creation, including theme selection, story creation, script cre-
ation, filming, editing, special effect post-production and public demonstration, etc. The
scaffold of this course is STEAM 6E teaching methods, as shown in Table 1 (Lai et al.
2018; Lai and Chu 2016) [7, 8]. The teachers provide a clearly defined learning goal and
standard at the beginning of six-week experiment period. There is a different learning

Table 1. STEAM 6E teaching methods.

STEAM 6E Contents Operation

Engage Inciting students’ interest. Heightening
students’ curiousity through prior
knowledge or experience

Inciting interest through videos and
past works

Explore Offering students chances(data
analysis, mutual discussion, brain
storming)

Using ways of PBL to invoke
self-learning and self-exploration

Explain Providing students opportunities to
rethink what they had learned before, in
order to better understand the content
of the theme and learned knowledge

Clarifying and understanding problems
through courses of the principles and
techniques for making movies

Engineer Applying learned concepts into
everyday lives through implementation,
to gain better understanding of the
cores of courses’ theme

Using editing software (Vivavideo and
PowerDirector) to make movies with
plots

Enrich Searching deeper into what the students
had learned to solve deeper and more
complex problems

Probing deeper into the subject of the
learning process through problems
discussion

Evaluate Offering the opportunities for students
and teachers to evaluate the
effectiveness of learning and degree of
understanding

Peer evaluation
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theme for every week. Specific discussion tasks and expected results are set by teachers
before learning activities begin, then students execute learning activities accordingly.
In the six-week experiment period, there are six different tasks, each with a different
learning theme.

3.2 Traditional Teaching Mode

For the traditional teaching team, teachers teach in courses through dictation according
to schedule, and handle relative knowledge about teaching schedule. Teachers don’t
need to arrange or organize course activities. They only have to pass the knowledge
on to students according to the teaching requirements. Students listen tentatively in the
courses, do assignments and review what teachers had taught at home. Teachers will
provide supplemental material and arrange time to reinforce students’ practices.

3.3 Teaching Tools

VivaVideo is amulti-purpose editingApp for beginners on themobile. In courses teachers
can let students get hands-on experience immediately through course content. PowerDi-
rector 15 is the tool for after class practice. It is a professional video editing software
with powerful editing functions and easy-to-use tools. It offers users new eye-catching
special effects, fluent user experience, and ever-expanding texture libraries. Moreover,
new users can learn how to use it rather quickly, and gain control over the video creating
process with little effort.

3.4 Experiment Design and Research Tools

The subjects of the experiment are the 66 students in a southern university in Taiwan.
The subjects are divided into 2 groups according to classes: 30 in the control group and
36 in the experimental group. In the teaching mode, the control group uses traditional
teaching while the experimental group incorporates the STEAM 6E teaching methods
into teaching. The research experiment lasts 6weeks. AEQ learning emotion quantitative
before-studying questionnaires are filled out before the experiment to inspect the little
differences between 2 groups. After the 4th week courses, AEQ learning emotion quan-
titative during-studying questionnaires are filled out. After the 6th week courses, AEQ
learning emotion quantitative after-studying questionnaires are filled out (see Fig. 1).
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Fig. 1. Experiment process flowchart.

4 Results

4.1 Data Collection and Analysis

There are 66 effective samples in this research, mainly to explore the academic emotions
between those who employ the STEAM 6E teaching method and those who don’t. This
research explores the differences in academic emotions between the 2 groups. Firstly,
the before-studying, during-studying, after-studying questionnaire are analyzed. Then 8
types of academic emotions of 2 groups are analyzed. Because there are reverse questions
in questionnaires, the reverse question should be reversed before doing the analysis.

4.2 AEQ Analysis

The purpose of this research is to understand the changes in academic emotions in
the experiment group (N = 36) and control group (N = 30). According to the AEQ
devised by Manual in 2005, quantitative questionnaires are divided into 3 parts, i.e.,
before-studying, during-studying, after-studying, totaling 75 questions. Included are 8
academic emotions: enjoyment, hope, pride, anger, anxiety, shame, hopelessness, and
boredom. This questionnaire uses the 5-level Lickert scale.
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The following is the analysis of before-studying, during-studying, after-studying
academic emotions of the experimental group and the control group. This research
compares the changes in academic emotions utilizing STEAM 6E teaching methods.
Table 2 shows the result of academic emotions of independent sample t in different
groups. Before-studying data of academic emotions shows nonsignificant difference
between the experimental and the control groups. The data of the experimental group is
M = 3.31, SD= 3.0. The data of the control group isM = 3.44, SD= 0.34. After analysis
the result p = 0.14 > 0.05, showing nonsignificant. So, it can be implied that there
is nonsignificant difference between the academic emotions of the 2 groups. During-
studying data of AEQ shows a significant difference between the experimental group
and the control group, with t (65) = −12.47, p = 0.00*. The data of the experimental
group isM= 3.20, SD= 0.2. The data of the control group isM= 2.64, SD= 0.23.After-
studying data of AEQ shows a significant difference between the experimental group and
the control group, with t(65) = −4.71, p = 0.00*. The data of the experimental group
is M = 3.60, SD = 0.48. The data of the control group is M = 2.75, SD = 0.51. The
p value is less than 0.05 for during-studying and after-studying, indicating a significant
difference in the 2 groups. We can see in the process of learning; the learning goals are
clear for both groups. However, the subjects’ receptance of academic emotions are much
more apparent in the experimental group, which uses STEAM 6E teaching methods.

Table 2. Independent t test of AEQ in different groups.

M(SD) df t p d

Control group (N = 30) Experimental group (N
= 36)

Before studying 3.44(0.34) 3.31(0.30) 65 1.1 .14 0.41

During studying 2.64(0.23) 3.20(0.20) 65 −12.47 .00* 2.61

After studying 2.75(0.51) 3.60(0.48) 65 −4.71 .00* 1.72
*p < .01

4.3 Analysis of 8 Academic Emotions

The results of AEQ from 2 groups are analyzed by 8 academic emotions, i.e., enjoyment,
hope, pride, anger, anxiety, shame, hopelessness, and boredom. The changes of academic
emotions between traditional and theSTEAM6E teachingmethod canbe learned.Table 3
is the result of independent sample t test. The result of the analysis showsp<0.05 for both
groups.Thereare significantdifferences in7academicemotions (enjoyment,pride, anger,
anxiety, shame, hopelessness, and boredom). But as for hope, the data in the experimental
group isM = 3.41, SD= 0.15. The data in the control group isM = 3.19, SD= 0.38. It
shows no distinct difference between the 2 groups. The analysis result p= 0.12> 0.05,
indicating there are nonsignificant difference differences between the 2 groups.
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Table 3. Independent t test of 8 academic emotions in different groups.

M(SD) df t p d

Control group (N = 30) Experimental group (N =
36)

Enjoyment 3.19(0.45) 3.69(0.43) 65 −2.54 .01** 1.14

Hope 3.19(0.38) 3.42(0.15) 65 −1.29 .12 0.79

Pride 2.71(0.15) 3.49(0.41) 65 −4.34 .00** 2.44

Boredom 2.75(0.36) 3.10(0.21) 65 −2.75 .01** 1.21

Anger 2.82(0.55) 3.30(0.12) 65 −2.58 .01** 1.26

Shame 2.55(0.28) 3.22(0.31) 65 −5.34 .00* 2.26

Hopelessness 2.73(0.44) 3.33(0.21) 65 −4.09 .00* 1.79

Anxiety 2.74(0.51) 3.07(0.24) 65 −1.98 .03** 0.85
**p< .01, *p< .05

5 Conclusions and Discussion

In this research a teaching activity is designed to combine maker and the STEAM
teachingmethods. Digital technology is incorporatedwith STEAM6E teachingmethods
to enable students to fulfillmaker spirit and ideas from learning and to experience changes
of learning emotions at the same time.

The results show that by employing 6E teaching methods in STEAM teaching activ-
ities, students are provided with a more complete learning structure. In this structure,
students’ motives and interests are triggered in the Engage stage. PBL is utilized to
invoke self-learning and self-exploring in the Explore stage. Teachers provide support
and enthusiasm as guidance to students’ thinking in the Explain stage. Students imple-
ment what they learned on real-life through practical operation in the Engineer stage.
Students make deeper discussions to solve problems from all angles in the Enrich stage.
A specific evaluation index is set to provide guidance for students in the Evaluate stage.
Students can still feel hopeful and proud even when having negative emotions during
learning. This corresponds with the conclusion mentioned by researchers that different
tasks will generate different levels of emotions of anxiety [10], study environment is
related to academic emotions [4, 6], and STEAM courses combined with PBL can offer
opportunities for students to solve problems collaboratively [16, 17].

Through qualitative research, students’ emotional reaction in every stage can be
turned into text description in the future. With the analysis in this article, students’ real
emotional reaction is extracted and thus offers a chance for students to reflect. Also,
this research can be used as base to further exploration of relations between anxiety and
other learning emotions, providing feedback to teachers as design reference of STEAM
6E teaching methods courses.
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Abstract. The results of this study will be used to design and develop the engi-
neering design thinking learning environment course and future teaching strategies
for Engineering Design Thinking course. The participants (n = 40) of this study
were high school students enrolled in a -week course on engineering design think-
ing course. Instrument of this study was a satisfaction survey form on teaching
and learning management in the course. The results showed that high level satis-
faction for all 3 dimensions: course management, the engineering design process
task, and learning resources with the Engineering Design Thinking course. The
problem of most students is that learners cannot access information of learning
resources due to lack of equipment that can be used for some outside classroom
learning. After which it closes by making recommendations for research aimed at
enhancing design learning. The findings can be used for future improving learning
design and based on the research results, this paper presents suggestions for devel-
oping learning environment that promotes engineering design and design thinking
of learners, and guidelines for developing a learning model that responds to the
future skills.

Keywords: Engineering design thinking · Satisfaction · STEM education

1 Introduction

The current educational model that focuses on promoting the STEM learning process
focuses on the development of technology literacy for learners by focusing on the devel-
opment of their ability to use, manage, assess and technology. One of the philosophies
of technology education is teaching students to create a problem-solving process. This is
considered an important skill for long-term life, because problem-solving skills that arise
from learning figuring out a solution rational thinking until the decision making in order
to lead the way to action In order to come up with an answer to that problem through
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a problem solving process in technology studies such as research and development
(Research & Development) or R & D, scientific methods and scientific inquiry (Scien-
tific Methods & Scientific Inquiry), design process. Engineering (Engineering Design
Process) or EDP, invention and innovation. (Interventions & Innovations), including
artificial intelligence (Artificial Intelligent) or AI, etc.

The focus of STEM learning is the integration of engineering design concepts with
students’ learning of science, math, and technology, that is, as students engage in activi-
ties to develop their knowledge, understanding and practice science, math, and technol-
ogy skills. Learners must have the opportunity to apply their knowledge to design meth-
ods or processes to solve problems related to daily life which is a product of engineering
design processes.

The engineering design process is a problem-solving method that uses basic science,
math, and engineering ideas to create optimal solution designs, plan and implement solu-
tions, test, evaluate, and improve solutions, and provide a solution outcome. Our study
looked at how satisfied students were with the Engineering Design Thinking Course,
including the problems students experienced and the barriers that encountered. The
results of this study will be used to design and development for learning environment
course and develop future teaching strategies for Engineering Design Thinking course.
This study may promote learners to be using problem-solving and creative thinking in
their engineering design thinking, as well as design and develop a learning environment
to enhance high school students’ understanding of the engineering design process.

2 Literature Review

2.1 Engineering Design Thinking

Engineering design thinking is a STEM learning as Engineering Design Process and
Design Thinking. Engineering design thinking is a fundamental skill in the field of
engineering, and it should be promoted in school and tertiary education. Jonassen [1]
describes problem solving as a design form that is an ill-structure problem solving. Alter-
native approaches and various solution approaches are typical in engineering designs
[2, 3]. Engineering design is a model of learning management that encourages stu-
dents to develop creative thinking and problem-solving skills. Learning management
for learners according to the STEM approach is implemented according to the engineer-
ing design process, requiring learners to learn through the creative process. synthetic
thinking and step-by-step action to solve problems or meet needs. Each step of the engi-
neering design process encourages students to use creative and synthetic thinking to
gather data and information that may be used, as well as articulating concepts to explain
and communicate ideas to others who may simply understand concepts [4, 5].
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2.2 Engineering Design Process

Engineers use the engineering design process to come up with a solution to a problem.
Problem-solving techniques such as defining and delimiting an engineering problem,
generating possible solutions, and optimizing the design solution are some of the steps.
The design process is iterative, which means we repeat the processes as many times
as necessary, improving so that we can go as learners recognize and explore different
design possibilities to arrive at great solutions [5]. These steps aim to put a strong focus
on collaboration and the value of the design that you generate. Therefore, you need
these qualities to create new ideas, work with math and scientific concepts, run multiple
iterations of tests, review data once testing has concluded and formulate solutions based
on all information gathered from these steps [6–8].

The engineering design process is typically approached in these six steps [7, 8]:

Step 1 Problem Identification. Understanding the problem or situation. Analyze the
problem situation’s conditions and limitation. Define the problem’s scope to develop a
product or a strategy for solving problem.

Step 2 Related Information Search. Collection of scientific, mathematical, techno-
logical information and concepts related to problem solving and feasibility assessment,
advantages, and limitations.

Step 3 Solution Design. Work with a team to brainstorm ideas and develop as many
solutions as possible. Applying relevant information and concepts to product design or
problem solving. Restrictions and conditions according to the specified situation.

Step 4 Planning and Development. Determining the sequence of steps of creating a
product or method. Create a product or develop a method for solving a problem.

Step 5 Testing, Evaluation and Design Improvement. Testing and evaluating the
usability of the product or method. The results may be used to improve and develop the
most efficient solution to the problem.

Step 6 Presentation. Presentation of concepts and problem-solving steps of product
creation or method development. Presenting products to others to understand and bring
suggestions for further development.
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2.3 Concept of Engineering Design Thinking Course

Teaching and learning for EngineeringDesignThinkingCourse used a conceptual frame-
work to design learning tasks. According to the engineering design process, there are 6
steps which are problem Identification, related Information search; collecting informa-
tion related to the solution, solution design, plan and implement solutions, test, evaluate,
and improve solutions or product designs and present a solution to the problem solution
or product results. Sometimes the work may have to go back and forth to develop the
work to be more efficient.

3 Purposes

To study the context of high school students’ satisfaction with an engineering design
thinking course.

4 Method and Result

4.1 Scope of Research

The developmental research design was employed [9]. This is to intensively study the
process of developmental research design which comprises 3 research process as 1)
design process 2) development process and 3) evaluation process. The Design Process
was utilized in this study to present the results of the construct process Survey Research
in the context of the learner; these results were then used to design and develop the
engineering design thinking learning environment course.

4.2 Target Group of the Study

The participants were 40 high school students.

4.3 Research Design

The Descriptive research was employed in this study.
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4.4 Research Instruments

The research instruments used to analyze this questionwere satisfied. There are 3 parts as
follows: General information of the students. The satisfaction of studying in the teaching
and learning of the EngineeringDesign Thinking course in the amount of 30, divided into
3 learning dimensions; course management, the engineering design process task, and
learning resources. The questionnaire form: The Likert Scale choices is most satisfied,
very satisfied, moderately satisfied, slightly satisfied, and not at all satisfied, The score
is 5, 4, 3, 2, and 1, respectively. The last part, problems, obstacles and suggestions for
teaching and learning are there are 9 open-ended questions.

4.5 Data Collection and Analysis

Analyze data with basic statistics. The mean and standard deviation were used. Infor-
mation about problems, obstacles and recommendations for teaching and learning
management were presented by collation.

4.6 Research Results

The results showed that satisfaction with the Engineering Design Thinking courses were
as follows:

Part 1: General Information of the students. The general information of the students,
which was found that most of the 40 students had a cumulative GPA. In good condition
3.00–3.49, 18 persons, accounting for 40.50%, the level is quite good, 10 persons,
representing 27.00%, sufficient level, using 4 persons, representing 10.80%, very good
level, number 2 people, representing 5.40% and not giving information to another 6
people, representing 16.20%.

Part 2: The satisfaction of studying in the teaching and learning of Engineering
Design Thinking course. The findings indicate a high level of satisfaction with the
EngineerDesign Thinking course (x= 4.31, SD= 0.23). Additionally, satisfaction levels
for all three dimensions (course management, engineering process task, and learning
resources) were equally high (x = 4.41, SD = 0.27; x = 4.45, SD = 0.31; x = 3.57, SD
= 0.57, respectively), as shown in Table 1.

Part 3: The problems in students’ learning. The students’ learning problems were
mainly with the learners cannot access information of learning resources due to lack
of equipment that can be used for some outside classroom learning, the learning time
limitation, inadequate learning resources, unique product design is not creative and lack
of examples that can be linked to solutions for design new product. The findings can
be used for future improvements in design and development of the Engineering Design
Thinking Course.
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Table 1. Satisfaction with the engineering design thinking course.

Teaching and learning management SD satisfaction
a. Course management
1. Helps students to achieve learning objectives 4.22 0.41 very satisfied
2. Help students to understand the content. 4.03 0.55 very satisfied
3. Encourage students to seeking knowledge on their 
own.

4.24 0.66 very satisfied

4. Enabling students to learn from the group members. 4.38 0.72 very satisfied
5. Increasing student learning efficiency. 4.35 0.58 very satisfied
6. Encourage students to learn together between mem-
bers within the group.

4.62 0.54 most satisfied

7. Encourage students to learn together between groups. 4.49 0.60 very satisfied
8. Encourage students to have engineering design think-
ing.

4.51 0.60 most satisfied

9. Challenge students' abilities. 4.38 0.63 very satisfied
10. Encourage students to freely express their opinions. 4.51 0.55 most satisfied
11. Encourage students to participate in brainstorming 
of group members.

4.73 0.45 most satisfied

12. Encourage students to produce a new idea. 4.43 0.60 very satisfied
13.Encourage students to have skills in academic 
presentation.

4.38 0.49 very satisfied

14. Encourage students to be responsible for discovery
of learning and reflection.

4.57 0.50 most satisfied,

The overall average of course management 4.41 0.27 very satisfied
b. The engineering design process task
1. Students can ask critical questions. 4.68 0.47 most satisfied
2. Students participate in the operation of the group to 
achieve the objectives.

4.68 0.47 most satisfied

3. Encourage students to acquire skills in solving prob-
lems Conflict within the group.

4.62 0.49 very satisfied

4. Encourage students to acquire coordination research 
skills with others.

4.57 0.50 most satisfied

5. Encourage students to work with a team to brain-
storm ideas and develop as many solutions as possible.

4.38 0.59 very satisfied

6. Encourage students to be responsible for assigned 
tasks.

4.68 0.47 most satisfied

7. Encourage students to select one solution and plan to 
move forward with it.

4.62 0.54 most satisfied

8. Encourage harmony between members within the 
group.

4.43 0.60 very satisfied

9. Encourage competition between groups. 3.42 1.13 Moderately 
satisfied

10. Encourage students to push yourself for creativity, 
imagination and excellence in design.

4.46 0.69 very satisfied

(continued)
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Table 1. (continued)

Teaching and learning management SD satisfaction
11. Encourage students to discuss and presentation how 
you could improve your solution.

4.35 0.58 very satisfied

12. There is a teacher as a coaching to promote friend-
ship between teachers and students.

4.85 0.37 most satisfied

The overall average of the engineering design pro-
cess task

4.45 0.31 very satisfied

c. Learning resources
1. Textbooks and documents in the book are enough to 
search for information.

3.59 0.72 very satisfied

2. Internet system are enough to search for information. 3.50 0.69 very satisfied
3. There are enough lab or studying room to learn in 
small groups.

3.46 0.86 moderately 
satisfied

4. LMS system is suitable for online learning manage-
ment.

3.73 0.76 Very satisfied

The overall average of learning resources 4.31 0.23 very satisfied

5 Conclusions

According to the above findings, the results of this study as shown above, as a guideline
for improvement and development of teaching and learning management and further
research. As a next step for future researchwould be to develop, the learning environment
for engineering design thinking course. Conclusion for the application of the engineering
design process as a strategy in teaching and learning to promote learning of youth to
practice problem-solving skills step by step. Extension of existing knowledge to expand
until new perspectives arise in solving a complete and correct problem and to develop
products or methods that are competitive in business and to increase the intellectual
abilities of Thai youths, which is a force in the development of the nation in the future.
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