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Preface

As one of the crucial sectors of society, education has a substantial impact on almost
all other sectors. Different computer-supported educational systems have been devel-
oping for many decades with the intention to make the process of teaching and
learning easier and more convenient in modern, dynamic society. Influences of rapid
development of ICT and other related technologies on developing more and more
quality, sophisticated educational systems are unavoidable and evident. Societal chal-
lenges to further development of educational systems for different domains, purposes,
and levels of education are manifold and are not limited only to specific situations
like the recent one connected to the COVID-19 pandemic.

Over the years, the use of e-learning and tutoring systems brought numerous
advantages and benefits over the traditional teaching methods. Research efforts are
focused on improving the overall performances and functionalities of these systems
further employing emergent technologies. Attention is especially paid to the design
of e-learning architectures that support adaptability to students’ personal needs and
learning habits. In the last decade, the architectures that offer a high level of person-
alization and intelligent services and provide support to improve the motivation of
learners, and better learning outcomes are dominant.

Nowadays, intensive development and wide applications of AI techniques and
approaches significantly influence the educational sector and the development of a
range of sophisticated intelligent educational systems. We are witnessing that the
future of education is coupled with technologies and their advancements. The appli-
cations of AI in educational processes are numerous starting from intelligent tutoring
systems (ITS), smart learning environments, towards the use of virtual and augmented
reality and robots.

Artificial Intelligence has the potential to address some of the biggest challenges
in education today, but also in the future in order to establish innovative teaching
and learning practices, and ultimately accelerate the progress and performance of
learning.

v
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This book presents a collection of 17 chapters that bring interesting aspects of
the state-of-the-art of application of intelligent techniques in different educational
processes and settings. Chapters are focused on describing the variety of approaches
in diverse educational domains and levels of education; discuss their capabilities,
benefits, and possible limitations in practical use.

We hope that the works presented in the book will be of interest to readers, will
motivate our colleagues and researchers to apply presented and similar approaches,
try to enhance them, and propose better and more advanced solutions.

Chapter 1 “Current Trends inAI-based Educational Processes—AnOverview” by
Mirjana Ivanović, Aleksandra Klašnja-Milićević, Marcin Paprzycki, Maria Ganzha,
Costin Bădică, Amelia Bădică, and Lakhmi C. Jain is an introductory one and
considers the influence of modern artificial intelligence techniques on educational
processes. The authors focus on providing an overview of the current state-of-the-
art of developing intelligent educational systems that have significant effects on
learning and teaching processes. Recent works that put light on different roles of AI
in developing educational systems are discussed: Adaptive personalization systems
and intelligent tutoring systems, assessment and evaluation of students’ outcomes,
and the benefits and the challenges of educational data mining and learning analytics.

Chapter 2 “Digitalization of Education”, by Ðor -de Nadrljanski, Mila Nadrljanski,
andMira Pavlinović is focused on diversity and features of concepts and initiatives for
digitalization in education. The advantages and challenges related to the development
of digitalized environments in education, as well as the greater need for professional
development of people working in digitalization, are discussed. In addition, they
encourage and promote innovation in many different spheres of life. They stated
that there is a very strong link between education and skills needed to utilize digital
technologies in different sectors of society. The very important conclusion is that
digitalization is an important tool for making fundamental changes in the processes,
content, and various forms of work in educational settings to increase the quality and
relevance of education for all.

Chapter 3 “Remote Teaching and Learning Math in English Through CLIL” by
Maria Guida and Letizia Cinganotto focuses on teaching Mathematics by using
umbrella methodology CLIL (Content and Language Integrated Learning). Authors
investigate the opportunities and challenges of CLIL in Mathematics in remote and
hybrid settings due to the pandemic. Examples of repositories, web tools, digital
boards used by teachers for remote CLIL teaching are presented as a way to foster
students’ engagement, interaction, and interactivity. Despite the problems due to the
pandemic, the teachers in Italy were able to deliver adequate content in a meaningful
way, using problem-based or project-based learning. Communication and interaction
among the students and with the teachers through the discussion, explanation, and
negotiation of the different CLIL activities are discussed.

Chapter 4 “The Potential of Artificial Intelligence for Assistive Technology in
Education” by Katerina Zdravkova discusses the important aspects of the incorpo-
ration of assistive technology in education. It is evident that persons with various
disabilities should have an equal access to quality education, and chapters show
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how assistive technologies support such persons to keep and improve their func-
tioning, which reinforces inclusive education. Further, the chapter presents a plethora
of AI-supported educational tools intended to help people with special needs and
elderly people, encompassing the tools for visual, hearing, communication, intel-
lectual, cognitive, and motor impairment. Additionally, some ethical challenges of
AI-supported educational tools are raised.

In Chap. 5 “Adaptive and Intelligent Web-Based Learning and Control Technolo-
gies”, Valery M. Kaziev, and Lyudmila V. Glukhova considered the current problem
of evolution of adaptive and intelligent technologies of modern education and their
influence on the digital infrastructure of educational environments. The purpose of
their study is an evolutionary system analysis of the digital opportunities for the effec-
tive development of the information and educational space of universities from the
Russianmodel of competence-oriented education. They proposed the formal, mathe-
matical model of adaptive learning decision-making. Key methods, approaches, and
technologies of adapting and intellectualizing web learning are considered including
didactic aspects. The authors also investigated the issues of self-organization, web
education, their adaptation to digital transformations in society, the environment
of the educational system and proposed a list of basic intelligent web learning
technologies.

The next, Chap. 6 “ExemplarUse-cases forTrainingTeachers onLearningAnalyt-
ics” by ArvindW. Kiwelekar, Manjushree D. Laddha, and Laxman D. Netak provide
ready-to-use examples for conducting teachers training programs on Learning
Analytics. More precisely, the chapter documents a set of exemplars used to demon-
strate LA applications in daily classroom activities. These exemplars have been
designed and used mainly to train newly recruited teachers on data analysis methods
(such as hypothesis testing, analysis of variance (ANOVA), correlation analysis, and
regression analysis) during faculty induction programs.

Chapter 7 “Impact of Lesson Planning on Students’ Achievement using Learner
Profile System” byMunazza A. Mirza, Khawar Khurshid, Zawar Shah, Faryal Shah,
AndrewLevula, andAleksandraKlašnja-Milićević proposed and evaluated a Learner
Profile System, which is a web-based solution to generate multiple types of learner
profiles. The profiles include the basic information about the learners, preference
and interest profile, learning styles, and motivational goal orientation. The pilot
study included 60 middle school students to measure the construct validity and reli-
ability. Afterward, an experimental study was done on 307 middle school students
to examine the impact of LPS on learners’ achievement. Teachers’ perception and
their perspective regarding the feasibility and use of the LPS is also considered. The
authors concluded that the group that learned using the LPS demonstrated significant
improvement in their assessment scores in comparison to the controlled group.

Peter Ilic in theChap. 8 “Towards anUnderstanding of StudentDigital Ecosystems
for Education” put attention to the use of ICT for educational purposes. The chapter
sheds light on this issue and takes an initial step towards mapping students’ digital
ecosystems to enable course design that better fits student learning expectations.
Further, different methods were employed to obtain a better understanding of the
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participants’ degree of technological adoption and practice in relation to collabora-
tive educational activities. Insight into the structure of Japanese university students’
digital ecosystems was developed by capturing and analyzing participant activity
in log data. The author presented several key findings that may help curriculum
designers in improving their courses. Also, he considered the effects of students
shifting between device types (mobile and non-mobile) depending on the context and
purpose. The overall results, as well as implications for education, were discussed,
along with suggestions for possible future research.

Different applications and challenges of computational argumentation for
modeling distinct aspects of learning processes are presented in Chap. 9 “Compu-
tational Argumentation for Supporting Learning Processes: Applications and Chal-
lenges” by Carlos Chesñevar, César A. Collazos and Ana Maguitman. The chapter
is devoted to argument-based recommender systems for educational purposes;
argument-based shared knowledge for computer-supported collaborative learning
and argument-based opinionmining for eliciting students’ knowledge based on infor-
mation items corresponding to different topics of study. The current state-of-the-art in
the domain is also briefly presented. It also gives a good starting point for researchers
working on intelligent techniques for educational processes who are interested in
incorporating argumentation as ametaphor formodelling intelligent decisionmaking
in Intelligent Tutoring Systems and Computer-Supported Collaborative Learning
systems.

Chapter 10 “Revealing Latent Student Traits in Distance Learning through SNA
and PCA” by Rozita Tsoni, Evangelos Sakkopoulos, and Vassilios S. Verykios
considers significant issues in a distance learning postgraduate course. The authors
proposed a novel approach based on learning analytics. The approach is based on a
rich spectrum of metrics of Social Network Analysis that can capture complicated
interaction of social students’ behavior, alongwith academic performance indicators,
in a process that aims to reveal the latent characteristics of students participating in
the discussion fora.

Chapter 11 “Smart Technology in the Classroom: Systematic Review and
Prospects for Algorithmic Accountability” by Maria Ovchinnikova, Daniel Ostnes,
Arian Garshi, Malin Wist Jakobsen, Jørgen Nyborg-Christensen, and Marija
Slavkovik brings a comprehensive review of the use of smart technologies in the
classroom. The authors explored the state-of-the-art literature in several emergent
subdisciplines: wearables, AI and education, school surveillance, accountability, and
so on. Both positive and negative effects of using smart technologies are pointed
out, and a framework to effectively identify accountability for smart technology in
education is proposed.

Automated grading is the central topic of the Chap. 12 “Objective Tests in Auto-
matedGrading of Computer Science Courses: AnOverview” byMarin Lujak,Marija
Slavkovik, Alexis Lebis, Mathieu Vermeulen, and Arnaud Donie. Authors analyzed
and mutually compared the most used objective tests in computer science courses in
Moodle and MOOCs and outlined the advantages, technical limitations, and ethical
challenges. Test feedbackmechanisms that facilitate continuous learning for students
as well as the identification and recognition of possible evaluation mistakes of the



Preface ix

system of AI-supported methods for automating objective tests in programming
are considered. Special attention is paid to the identification and mitigation of the
context-specific ethical challenges and essential characteristics of tests.

Chapter 13 “Correlating Universal Design of Learning and the Performance in
Science at Elementary School Level” byMunazzaA.Mirza,KhawarKhurshid,Asma
Hasan, Zawar Shah, and Faryal Shah is devoted to the essence of universal design of
learning. The authors’ study aims to investigate the impact on a learner’s academic
performance when a teacher uses the Universal Design of learning framework for
planning science lessons. A framework based on the constructivist theory, built on
cognitive neuroscience emphasizes engaging multiple brain networks by providing
guidelines organized into three essential principles is presented. The experiments are
conducted to discover the effectiveness of the UDL-based lesson implementation in
science and a quasi-experimental pre-test and post-test design was used in the study.
Authors found that elementary school pupils achieve better grades in science when
taught using a universal design of learning approach in contrast to those who have
been taught using traditional teaching method.

Next, theChap. 14 “FacilitatingCollaborativeLearningwithVirtualReality Simu-
lations, Gaming and Pair Programming” by Piia Näykki, Janne Fagerlund, Minna
Silvennoinen,MariManu,TuulaNousiainen,Merja Juntunen, andMikkoVesisenaho
brings to readers an interesting and emerging trend in educational settings. Authors
presented socio-interactional functions that support collaborative learning through
three case examples. The examples are based on the use of technology-enhanced
simulation-based learning environments, Vive/Minecraft applying virtual and mixed
reality and pair programming in a creative media project design with Scratch.
These powerful experiential learning contexts provide engaging opportunities for
collaborative learning.

“Gamification and the Internet of Things in Education” is the title of Chap. 15
authoredbyGeorgiosPappas, JoshuaSiegel, IoannisN.Vogiatzakis,andKonstantinos
Politopoulos. As gamification and the Internet of Things can impact education in
a manner previously impossible, gamified tools built upon game engines can offer
opportunities in the development of innovative virtual labs and other interactive expe-
riences for students. The authors designed and developed a training gamified tool
applied in the field of environmental studies. They showed how this is integrated with
the Internet of Things to enable triggers in a virtual 3D space. Additionally, they also
provided information on how this innovation has been used in a real distance-learning
class for Master’s degree students.

Chapter 16 “Communication-Driven Digital Learning Environments: 10 Years of
Research andDevelopment of theCampusPlatform”byLuís Pedro andCarlosSantos
underlines the Campus platform and the importance of communication concepts and
affordances in the research and development of a digital learning environment. They
argued the approach that values the social construction of knowledge, the importance
of networks, collaboration, and sharing in educational processes. Apart from that,
the evaluation study of the platform is presented, which allowed to characterize
it as an open communication ecosystem for effective dialogue, participation, and
engagement.
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The last Chap. 17 “Educational Computer Games and Social Skills Training” by
Margarita Stankova, Daniela Tuparova, Polina Mihova, Tsveta Kamenski, Georgi
Tuparov, and KristaMehandzhiyska considers the aspects of Autism spectrum disor-
ders (ASD) in the context of technology-enhanced learning. The application of educa-
tional computer games aiming to improve the emotional understanding of children
with ASD is presented. A specific game is modeled based on emotional intelligence
and four focus areas: perceived emotions, use of emotions to facilitate thought, under-
standing emotions, and managing emotions. Additionally, the chapter discusses the
principles of gamedevelopment and presents data collected from the pilot testingwith
two groups of children: typically developing and children with ASD. The proposed
approach would widen the opportunities for the children to establish and build rela-
tionships with peers, be better accepted in society, and reach an improved functional
level.

This book would not have existed without the tremendous contribution of the
authors and the reviewers. We remain grateful.

We owe thanks to the Springer-Verlag for their excellent support during the
preparation of the manuscript.

Novi Sad, Serbia

Novi Sad, Serbia

Selby, UK

Mirjana Ivanović
mira@dmi.uns.ac.rs

Aleksandra Klašnja-Milićević
akm@dmi.uns.ac.rs

Lakhmi C. Jain
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and Lakhmi C. Jain
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2 Different Roles and Applications of AI in Education . . . . . . . . . . 3
1.3 Some Characteristic Educational Systems Based on AI

Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.3.1 Adaptive Personalization Systems and Intelligent

Tutoring Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.3.2 Assessment and Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.3.3 Intelligent Interfaces in Educational Systems . . . . . . . . . 9
1.3.4 EDM and LA: The Benefits and the Challenges

in Educational Processes . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
1.4 Concluding Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2 Digitalization of Education . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Ðor -de Nadrljanski, Mila Nadrljanski, and Mira Pavlinović
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Chapter 1
Current Trends in AI-Based Educational
Processes—An Overview

Mirjana Ivanović , Aleksandra Klašnja-Milićević , Marcin Paprzycki ,
Maria Ganzha , Costin Bădică , Amelia Bădică , and Lakhmi C. Jain

Abstract Artificial intelligence (AI) is a rapidly developing research area, with
immense influence on different areas of modern society and with numerous appli-
cations in real-life systems and environments. In this chapter we provide a brief
overview of current state-of-the-art of developing intelligent educational systems.
Particular attention is paid on the application of artificial intelligence methods in
teaching and learning processes. Accordingly, we consider recent works that put
light on different roles of AI in developing educational systems. Also, an overview
of key educational domains that AI techniques influence, i.e.: adaptive personaliza-
tion systems and intelligent tutoring systems, assessment and evaluation of students’
outcomes and learning performances, and benefits and challenges of educational data
mining and learning analytics in educational processes is presented.
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Faculty of Sciences, University of Novi Sad, Novi Sad, Serbia
e-mail: mira@dmi.uns.ac.rs

A. Klašnja-Milićević
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1.1 Introduction

Artificial Intelligence (AI) is recently becomingoneofmost rapidly evolving research
areas, with numerous applications in different academic and industrial domains.
Moreover, it is also present in a number of everyday activities of modern digital
society. Among numerous application domain uses of AI techniques and methods,
one of more appealing is its potential in education. Here, AI can be found in adaptive
learning technologies, educational data mining (EDM) and learning analytics (LA),
where contemporary and emerging AI-based approaches significantly influence (and
support) educational processes and activities.

During the several decades long history of AI, diverse approaches to develop intel-
ligent systems [1, 2] can be distinguished. A key driver of AI research in the 1950s
was the focus on symbolic computation.Optimistic expectationswere that simulation
and programming of the generic logic of human reasoning will produce the systems
that would behave “human intelligently”. However, the main characteristic of such
systems was the absence of domain-specific knowledge. Representational AI was
founded in 1980s, and became known as “good-old-fashioned-AI”. The essence of
such approaches was in the manipulation of knowledge representations and imple-
mentation of specific class of intelligent systems, widely known as expert systems.
Representational AI approach, used in educational processes, resulted in the devel-
opment of so-called Intelligent Tutoring Systems (ITS) that included representations
of domain knowledge and teaching material, learners’ knowledge, and a pedagogic
model [3]. However, most recent trend in applications of AI in educational domains
is based on data-driven AI and it is oriented towards applications of educational data
mining, learning analytics and use of artificial neural networks. This new, data-driven
AI trend is a consequence of three key technical developments: appearance of the
Internet, intensive use of smart phones in numerous activities and situations, and fast
expansion of social media.

With further rapid development of Information and Communication Technology
(ICT) and interrelated disciplines and technologies, educational systems offer to
teachers and learners, a range of opportunities and challenges [4–6]. For example,
there are several characteristic applications of AI in education.

– Important activities that are the usual component in education, like grading and
assessment, can be automated by use of AI.

– Adaptation to learner’s needs and learning preferences is important in education
and by the use of AI it is relatively easy to point out to the learner specific topics
and tasks that he/she needs to improve.

– Specially developed AI tutors can support teachers but also can offer additional
support to learners and provide helpful feedback from educational process.

– AI crucially influences way of delivering education: who teaches students, where
students learn, and how they acquire knowledge and skills. With constant design
and development of AI-based educational systems they slowly become more and
more able to offer a variety of innovative, tailored, and intelligent services to
learners.
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– Apart from direct support of core educational activities, AI can help in a majority
of other educational activities, like AI-guided training that simplify the transition
from college to high school.

However, in spite of the fact that AI has been well established area, with variety
of educational applications, inclusion of such systems in day-to-day pedagogical
processes is still challenging for educators [7–9]. Nevertheless, the pedagogical
advantage is evident, as it can offer significant impact on educational processes
and learning outcomes. In this context, this chapter will focus on providing a brief
overview of current state-of-the-art of developing intelligent educational systems.
We will focus on influences of AI methods and techniques and their applications
in educational process, while avoiding discussion of AI support for administrative
activities in educational institutions. This is because we believe that the latter does
not belong to pedagogy, but to computer-supported administration, which is out of
scope of current contribution.

The rest of the chapter is organized as follows. Section 1.2 presents different
roles of AI in developing educational systems. An overview of several characteristic
educational systems, based on AI techniques is presented in Sect. 1.3. Concluding
remarks are given in the last section.

1.2 Different Roles and Applications of AI in Education

Rapid technological and ICT development facilitates changes that result in the fact
that AI methods, approaches, and services are nowadays all around us, in majority of
everyday activities. Education is definitively one of areas where AI can powerfully
make significant changes. In the last decade we witnessed the development of a
variety of tools and services that use computer intelligence to help both teachers and
learners to get more out of the educational experience.

Usually, in contemporary research, AI and machine learning (ML) are often
considered together as closely related approaches. In [10]ML is seen “as a subfield of
artificial intelligence that includes software able to recognize patterns, make predic-
tions, and apply newly discovered patterns to situations that were not included or
covered by their initial design”. Also, an important concept, used in contempo-
rary intelligent personalized educational systems, is that of rational agents [11, 12].
Additionally, based on the current state-of-the-art in AI field it is possible to rise an
ethical and philosophical question: will machines/robots/intelligent agents be able
to develop consciousness and actual thinking in the future, or will they just simulate
human thinking?

However, despite the fact that a lot of AI applications in educational environments
already exist, some authors [8, 13] emphasized three categories of AI applications
in education: (a) intelligent tutoring systems and systems that support collaborative
learning, (b) personal tutors, and (c) intelligent virtual reality.
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Intelligent tutoring systems (ITS) are specific systems that allow very important
one-to-one personal tutoring. Based on several different components that are part
of such systems, they can support: selection of suitable topic and teaching content
for a particular student, or decisions about the learning path. They can also provide
cognitive scaffolding. However, the drawback of such personal tutoring is a lack
of collaboration and students’ interaction with their peers, which is known to be
an essential social part of the learning process. On the other hand, constant rapid
development of differentAI techniques offers newpossibilities that also allowshigher
quality support and functionalities that such systems can considerably advance and
contribute to collaborative learning as well.

Development and introduction of newAI technologies pushes theirmore advanced
applications in educational settings. So, for example, virtual reality and augmented
reality can tremendously increase quality of e-learning and guidance of students in
very popular game-based learning environments. Virtual agents (i.e. chatbots), as a
fast developing area, are interesting and useful facilitators of teachers and/or students’
peers in virtual or remote labs [14]. According to [8], AI in education “includes every-
thing from AI-driven, step-by-step personalized instructional and dialogue systems,
throughAI-supported exploratory learning, the analysis of studentwriting, intelligent
agents in game-based environments, and student-support chatbots, to AI-facilitated
student/tutormatching that puts students firmly in control of their own learning. It also
includes students interacting one-to-one with computers, whole-school approaches,
students using mobile phones outside the classroom, and much more besides.”

Also, some other technological developments influence changes in educational
processes in a slightly different way. One can take the advantage of existence of
Big Data, which is collected during students’ activities within e-learning environ-
ments and process and analyze it, to draw some useful conclusions about educational
activities. Thus, educational data mining (EDM) and machine learning and learning
analytics (LA) can provide just-in-time feedback and assessment of current student’s
achievement [15] but also can help them in selecting alternative learning paths that
will improve their final learning outcomes. Recent applications of AI in educational
environments are based on finding characteristic patterns in collected data and using
them in different decision-making processes that can improve student’s learning
paths, improving teaching material, enhance offer of supplementary teaching mate-
rial, and so on. Advantages of such applications of EDM and LA are that discovered
correlations and patterns in collected data are not easily (if at all) understandable to
(discoverable by) humans.

Another point of view on the use of AI in educational processes is presented in
[4]. Authors considered educational AI tools from the system’s/learner’s/teacher’s
perspectives. System-facing tools provide information on the institutional level for
administrators and managers. Learner-facing tools help students to learn partic-
ular subject/topic. Teacher-facing systems usually reduce tracers’ workload by
automating their different activities and tasks.

In the paper [16], authors showed deep systematic review of AI applications in
higher education. Looking at more than 150 research papers they selected several
crucial groups of systems: (1) adaptive systems and personalization, (2) intelligent



1 Current Trends in AI-Based Educational Processes … 5

tutoring systems, (3) assessment and evaluation, and (4) profiling and prediction.
Later, authors made refinement and recognized specific applications in each of these
groups:

– Adaptive systems and personalization group: teaching course content; recom-
mending personalized content; supporting teachers and learning design; using
academic data to monitor and guide students; representation of knowledge in
concept maps;

– Intelligent tutoring systems group: teaching course content; diagnosing
strengths and automated feedback; curating learningmaterials; facilitating collab-
oration; the teacher’s perspective;

– Assessment and evaluation group: automated grading; obtaining feedback from
learning sessions andprocesses; evaluation of student understanding, engagement,
and academic integrity; evaluation of teaching;

– Profiling and prediction group: admissions decisions and course scheduling;
drop-out and retention; student models and academic achievement.

In this section we presented different roles of AI in developing and using modern,
sophisticated, and powerful educational systems recognized by different authors.
Despite the fact that various views and opinions exists, it is evident that AI methods
will significantly influence the further development of high quality educational
ecosystems.

1.3 Some Characteristic Educational Systems Based on AI
Techniques

Existing trend of interest and investments in AI, by world leading companies and
research centers, democratization of higher education but also experiences with
COVID-19 pandemic situation, in the last two years, resulted in significant financial
pressure and challenges to propose proper solutions and resolve numerous problems
in developing future, more intelligent, educational systems.

Consequently, it is logical to try to employ powerful AI methods to find adequate
high-quality solutions [17]. Rather, newly established phenomena of “massive open
online courses” (MOOC)allowedan enormousnumber of students, all over theworld,
to participate in a broad range of online courses. Apart from numerous advantages
of such kind of education, a variety of problems appeared, especially for teachers.
Having diverse students from different countries with different ways, habits, and
characteristics of learning (pre-knowledge and skills for courses, rates of progress,
…) raised emergent problems, such as: providing personalized feedback, assisting
students to achieve satisfactory learning outcomes, implementing reliable assessment
approaches and criteria [10]. On the other hand, we witness that different research
and educational institutions have been developing a range of so-called intelligent,
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adaptive, or personalized educational systems for different courses [5, 7]. However,
it is evident that in majority of cases, these systems are usually part of research
projects, realized as proof-of-concept, and are used in real learning environments
only for several years, i.e. until the projects end.

Fortunately, there are also positive cases when development and improvements of
some systems are part of long lasting research and educational activities in different
institutions and countries and they are used in real educational processes and during
the years they are constantly evolving while becoming enhanced with additional
functionalities [20–22]. Nowadays, such systems gather huge amount of learners’
data, and analyze it. As a result, they can significantly impact and influence learners’
and teachers’ activities.

Rapiddevelopment of software, hardware, anddata processing strongly influenced
the new renaissance era of AI that together with EDM and LA, as well as with
sentic computing (including face and emotion recognition), plays an essential role
in developing a wider range of applications in sophisticated educational ecosystems.
In the rest of this section, we will briefly present several groups of characteristic
AI-based educational systems and their essential functionalities.

1.3.1 Adaptive Personalization Systems and Intelligent
Tutoring Systems

Development of adaptive and personalized educational systems is highly influenced
by learners’ learning characteristics, preferences, and styles. Developmental efforts
are generally oriented towards achieving the best learning curve, learning effective-
ness and efficiency for individual learner. Accomplishment of these functionalities
is not an easy task. It requires extra knowledge, and it forces and represents one of
the key issues in realization of reliable personalized educational systems. Several
examples of such systems will be briefly presented below.

As a result of a large project, the multifunctional educational system—StuDiAsE
[23] had been developed. The system supports numerous functionalities based on
AI methods like: Learner Diagnosis, Assistance, and Evaluation. It can monitor
the comprehension of the learner based on text comprehension theory [24], and it
can assess learner’s pre-knowledge based on his/her profile, to obtain personalized
scaffolding. Additionally, the system can evaluate learning performance and control
several factors that influence the learner’s motivation. Finally, interaction with the
system is based on dialogue theory [25].

Among variety of AI supported educational systems, intelligent tutoring systems
(ITS) are probably the most important and dominant [8]. Usually, they support step
by step tutorials adjusted to learner’s individual style of learning, especially when
subjects are presented in the system inwell-definedmanner. High quality ITSs should
generate guidance and adequate hints to learners but also should adjust the level of
difficulty of available teaching material and subjects. Typical architecture of an ITS
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includes three key AImodels: domain model, pedagogical model, and learner model.
Based on available data from these models, AI algorithms can support adaptation
and propose individual/personalized sequences of learning activities and topics.

An interesting web-based ITS is focused on learners’ cognitive styles [26]. Cogni-
tive styles of learners in such systems influence teaching material organization and
their efficiency and success of learning. Instead of using questionnaires to identify
learning styles, an innovative approach is based on a multi-layer feed-forward neural
network used to observe learner’s browsing behavior.

A personalized intelligent web-based tutoring system is presented in [27]. Apart
from support of personalization, the system includes elements of recommenda-
tions and collaborative tagging techniques that are based on pedagogical aspects of
learning. Employment of collaborative tagging allows increasing of learners’ moti-
vation and their better comprehension of the learning content. Selected tag-based
recommendation increases the system’s capability as it offers an additional func-
tionality to quickly identify supplementary material suitable for learner to improve
his/her knowledge. Personalized recommendations in the system should be consistent
with the previously acquired knowledge of the learner.

1.3.2 Assessment and Evaluation

With existing intense interest in the applications of AI in education [2, 28], there
is also a significant interest in the applications for educational assessment. Recent
developments inAI-based educational assessment are increasingly focused onmeans
of improving assessment efficacy and validity. To achieve appropriate results, the
primary activity is the analysis of the large volumes of process data, collected from
assessment contexts.

In general, AI-based educational tools devoted to learning and teaching usually
support some kind of assessment or evaluation of students’ knowledge acquisition
[29]. However, in themajority of such tools, the pedagogy underlying the educational
action is not considered. In this overview paper, different systems based on AI are
brieflypresented and somecharacteristic ones arementioned in the rest of this section.
Janpla and Piriyasurawong [30] develop an AI-based software to produce e-learning
tests by selecting questions for online examinations. Already mentioned Samarakou
et al. [31], proposed StuDiAsE system, which is focused on continuous monitoring
and assessment and also includes different aspects of assessment of students’ gained
knowledge. Applied AI approach proved useful to support personalized feedback
and to evaluate performance of engineering students.

An adaptive learning system with self-assessment that also targets students with
disabilities, is presented in [32]: “In the next future, we can expect that, within adap-
tive e-learning systems, both automatic and manual procedures will interoperate to
elicit users’ interaction needs for ensuring accessibility”. Presented “results indicate
that the procedure allows students, both disabled and non-disabled, to self-assess and
report adequately their preferences to access electronic learning materials”.
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Completely different approach can be found in [33], where authors focused on
simulation-based training in medicine supported by AI. A Virtual Operative Assis-
tant has been developed to provide automatic feedback to students using metrics of
performance. In this system, virtual reality and AI were integrated in order to clas-
sify students according to their proficiency performance and to support them with
adequate feedback to help them to improve their knowledge and skills.

Another system that combines VR and AI, to achieve the assessment of compe-
tence in different dental tasks is presented in [34]. Automatically assessing and
grading medical students’ collection of patient information is presented in [35].
Further, in the paper [36], authors proposed automatic assessment of different kinds
of collaboration-based activities built on active learning methods. In the system
presented in [37], students automatically receive grades and have possibility to visu-
alize their results as an adequate feedback. The system was used within an AI-based
course for teachingAI. Use of intelligent grading systems is frequent used in teaching
programming and evaluating students’ performance. For instance, automatic assign-
ment of a grade for the task a student performed in programming is described in [7].

An example of different directions in using AI for students’ assessment is the
ability to automatically evaluate students’ essays in English. Liu et al. [13] proposed
anAI-based system able to evaluate students’ engineering essays in English. Another
AI system for formative assessment performs an automatic grading of learners to give
feedback and to adapt the specified tasks accordingly.

Effects of the use of e-assessment can also negatively influence students’ knowl-
edge evaluation, as reported in [38]. To minimize negative effects, a lot of innovative
e-learning platforms have been developed, with range of possible tasks and function-
alities, starting from different types of questions but also solving relatively complex
programming tasks. Nowadays, some available e- learning platforms support multi-
modal presentation of teachingmaterials and collecting students’ responses: in-video
quizzes or, for example, in [39] authors used specially developed system for “easy
authoring, recording, and reviewing interactive multimedia exercises embedded in
lecture videos”. Students’ can make audio/video recordings of their responses and
teachers can immediately review these responses.

It is clear that technology enhanced systems based on AI can make learning and
assessment more attractive and productive. Very interesting system is presented in
[40]. It is a distributed event collection and analysis architecture that enables students
to solve practical programming questions during lectures. Students’ interactions with
the system generate a lot of information about specific tasks/questions. The results
of processing of information are visually presented to the teacher during the class.
Hence, the teacher can properly react and change style and dynamics of teaching. In
this platform the social dimension of teaching and students’ results is not considered.
Summary of group results of all students for particular question are important, as
students can personally assess their position and learning performance comparing
to their classmates. Such approach, realized in privacy-preserving way, is offered
by MasteryGrids OSSM (Open Social Student Modeling) interface [41]. Personal
performances and progress of a student are compared and visually presented with
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the progress of the class. So, students can see their position within the class and can
try more tasks and questions in order to achieve better results.

1.3.3 Intelligent Interfaces in Educational Systems

Human–Computer interfaces (HCI) play important role in communication between
user and computer/software application. Through the history of development of
ICT technologies, computer hardware and software, wide range of different HCI
techniques have been developed. The recent trend is a consequence of rapid devel-
opment of different forms of personal digital assistants. One of the very popular
AI approaches that supports educational processes is using a chatbot [42]. Typical
example of such assistant, usually mentioned in the literature, is Apple’s Siri [43,
13]. Siri uses advantages of ML and natural speech to answer questions, to return
relevant search information, and perform appropriate actions or some other activities.
Despite the fact that Siri has a rather simple voice-controlled interface, this project
has significant effects on further development of nowadays more complex solutions.

Intelligent software agents and numerous forms of their visualization represent
a keystone in the new era of HCI in different areas including educational systems.
Various educational systems usually contain a component that facilitateHCI.Modern
HCIs enabled communication between the system and user (student and teacher)
in more user-friendly and higher in quality. Teacherbots, strongly based on AI
methods and techniques for personalized education, provide tailored teaching mate-
rial, guidance, help, and hints during learning. They also can be seen in another
role i.e., as teachers’ assistants in organizing teaching material and in providing fast
reactions/answers to student’s questions.

Another characteristic example is “Jill Watson” (teacherbot based on IBM’s
Watson platform [44, 15]). It represents affordable, personalized, and intelligent
solution for traditional user interfaces, where learners are usually passive consumers
of presented teaching material.

While delivering a massive open online course, Georgia Institute of Technology,
having a great number of students would like to provide high-quality learning and
tailored assistance to them. Without personalized assistance students drop out rate
was increasing so they attempted to find a solution to provide personal attention and
decided to incorporate in their courses a virtual teaching assistant who will try to
reply to a variety of predictable students’ questions. To fulfill this task Jill was trained
on a comprehensive database containing the students’ questions.

In educational field most studies that consider chatbots are focused on individual
users. However, another important pedagogical aspect of teaching is students’ collab-
oration and teamwork. To address the collaborative group settings some authors
considered alternative approaches [5]. The focus is shifted on how chatbot-mediated
learning can improve learning outcomes of students in team-based assignments. For
example, David et al. [5] used chatbots to support the teacher, as teaching assistants,
in group settings for classroom orchestration improvement. In the paper [9], author
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presented effects of use of chatbots to facilitate team-based projects. The important
conclusion drawn is that chatbots can improve learning performance and a higher
quality of collaboration through teamwork. Also, some quality indicators of educa-
tional chatbots are proposed which are based on intense research, and they pointed
some important aspects such as Pedagogy, Reliability, Usability, and Interactivity.

1.3.4 EDM and LA: The Benefits and the Challenges
in Educational Processes

Emergent development and applications of ML techniques opens a new era, and
brings many possibilities and challenges for higher education. Educational data
mining and learning analytics definitively offer immense benefits and advancements
in developing intelligent educational settings.

Siemens and Gasevic [45] defined Learning Analytics (LA) as “the measurement,
collection, analysis and reporting of data about learners and their contexts for the
purposes of understanding and optimizing learning and the environments in which
it occurs”.

Recent research in educational LA is focused on finding an answer for very
complex and important questions: what knowledge and skills did student gain (is
gaining) and whether and how deeply a student was (is) engaged in the learning
process.Newmethods, approaches and techniques should help in predicting student’s
learning outcomes in e-learning environments. LA based on educational data anal-
ysis can help teachers, and a range of educational experts to look for students’ online
information connected to the learning processes. The goal of LA in online educational
settings and computer-supported instruction is to improve the learning experience
and the whole learning process.

Apart from analyzing educational data related to teachers and learners, LA
methods are used to discover characteristic patterns of learning behavior, in order to
improve learning performance and quality. Additionally, interpretation of obtained
results and gaining new understandings can offer the educational stakeholders’ new
insights to support their decisions and actions directed towards improvements in
teaching, learning, and organizational effectiveness [10].

From the point of view of teaching and learning effects, LA helps monitoring and
predicting student’s academic performance. It provides opportunity to immediately
identify topics in which students might be facing problems and accordingly, to facil-
itate immediate reactions and interventions that can help preventing poor learning
performance [46].

El Alfy et al. [6] analyzed large number of recent papers and pointed out to the
potential benefits and challenges that LA can provide for different educational stake-
holders. Based on their analysis, numerous benefits and challenges are presented.
Identified challenges and benefits of LA are separated into two groups: Management
related and Teaching and learning related.
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Management related challenges are enlisted in [6]: Lack of staff and technology
available to learning analytics projects; Need for custom-made analytics initiatives
that is context specific requiring human and structural capacity building; Learning
analytics frameworks need to be sensitive to idiosyncrasies of the educational insti-
tution and its stakeholders; and Need to foster organizational adoption & cultural
change.

Teaching and learning related challenges are enlisted in [6]: Limitation of results
of learning analytics is derived from values of aggregate data such as marks in
summative assessments.

Management related benefits are enlisted in [6]: Data mining supports decision
makers in HEIs to frame norms to improve student enrolment; Learning analytics
is highly responsive to real-time learning processes; Learning analytics capability
to link library services with institutional objectives and outcomes; Big data and
analytics could be used to improve selection of staff and training interventions, cut
costs, improve retention, and performance. as well as meet strategic goals.

Teaching and learning related benefits are [6]: Learning analytics overcome key
measurement challenges in educational assessments; Developing automated tools
that promote accountability and academic integrity in the e-learning environment
by analyzing patterns in the student-generated content; Detect which students are
lagging behind and the reason of their low levels of engagement in online learning;
Aggregate data from multiple courses to detect patterns for remedial actions for
students performance; Monitoring students’ performance and progress individu-
ally as well as in comparison with peers; Provide real time feedback to students
about their progress and class engagement through SMS notification; Identify most
effective intervention strategies in helping academically at-risk students succeed;
Develop predictive models of students’ academic performance; Predictors of indi-
vidual performance in a teamwork context; The ability to demonstrate how the
instructor’s course preparation and assistance activities affect different dimensions
of student engagement activities; Determining student behavior model, prediction
of performance, increase self-awareness amongst students, improve feedback on
assessment, recommend resources.

1.4 Concluding Remarks

Several important educational domains, where AI methods and approaches are very
promising in overcoming current limitations, are pointed out in [3].

– Educational programs supported by AI methods can give learners and teachers a
constructive feedback, based on observed learners’ progress during learning. They
can also notify teachers about learning performance. Scaffolding is frequently part
of such systems and can help teachers to improve crucial parts of teachingmaterial
and subjects.
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– AI tutors can deliver additional support to students—they provide, for both
learners and teachers, significant feedback about the success of the learning
process. They are especially useful for courses in which exist limitations in
teaching high-order creativity and critical thinking.

– Teachers can be supported by AI tutors and can integrate AI teaching material as
supplementary, to help weak learners’ hands-on experiences in the form similar
to human interaction.

– Automation of grading—recent AI techniques cannot truly replace teachers in
grading even simple tests or students’ homework. Particularly, essay grading is
still in preliminary phase but with great tendency to be substantially improved in
the future.

– In spite of the fact that still there are limitations in more qualitative online
grading, actual grading is performed instantly thus giving teachers access to data
immediately.

– AI also allows tailored and personalized teaching. AI powered educational
systems can deliver customized lectures to groups of students, freeing teachers to
work one-on-one with students who need it the most.

Apart from mentioned benefits of intelligent e-learning environments there are
some limitations as well:

– Learning is an inherently cultural process and computers cannot replace the
cultural flavor of learning.

– Learning is not only the process of downloading knowledge or passing an exam-
ination. Developing a sense of purpose is crucial to self-directed learning and
instilling it in others is an absolutely human activity.
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Chapter 2
Digitalization of Education

Ðor -de Nadrljanski, Mila Nadrljanski, and Mira Pavlinović

Abstract This paper discusses features and diversity of concepts and initiatives for
digitalization in education. It also briefly discusses the advantages and challenges
related to development of digitalized environments in education, as well as greater
need for professional development of people working in digitalization. In addition,
they encourage and promote innovation in many different spheres of life. The inno-
vative capacity of technology is highly conditioned by the levels of digital skills of
the population. It is not surprising that there is a very strong link between education
and skills needed to utilize digital technologies in different spheres of life. An effi-
cient, diverse, and strong higher education sector and research system will help the
higher education sector to achieve this goal in the best possible way. Universities
and faculties manage a significant portion of community resources and must use
those resources effectively and for the benefit of society. Institutions will develop
their positions according to their strengths and individuality and will contribute to
higher quality and to other sectors of society. Furthermore, they will meet the needs
of society in various fields and help each country to internationally affirm itself as
an outstanding knowledge society. Digitalization is a tool for making fundamental
changes in the processes, content, and various forms of work, which can put the
education sector in a better position to achieve the goals of education and research,
to increase quality and relevance in the approach to education for all. The time when
experts talked about education technology in terms of audio, visual and experiential
technology has passed. They also talked about hardware technology, software tech-
nology and a system based on technology. These are expressions from the past, as
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the old concepts in the field of educational technology or EdTech have been outdated
during the last decade.

Keywords Digitalization · Digital skills · Higher education · Educational
technology

2.1 Introduction

In everyday life, the Internet, mobile technologies, and online communities have
significantly reshaped thewayweeducate ourselves,which is the key to the efficiency.
Thus, for technologies such as robotics, connectivity, and machine learning to be
sustained, organizations must be able to develop a digital culture that supports digital
transformation.Many technologies are still at the beginning of their development and
much more needs to be done to ensure that they are used in the most responsible and
positive way for a healthy development of students. This development will continue
to be monitored and an insight and recommendations on how best to incorporate
digital (connected) tools into schools will be provided.

The aim of this paper is to distinguish between the research field of digitalization
and the role of educational technology as an interdisciplinary field used for digitaliza-
tion, and to provide an answer for the researchquestionswhatmakes good educational
software. This paper also analyses educational software, software programs that serve
to support teachers and improve learning outcomes. The aim is to distinguish the field
of research on digitalization and educational technology as an interdisciplinary field
and to show some of themethods used for research questions arising from the concept
of what makes good educational software.

2.2 Digitalization of Education

The modern scientific and technological revolution is radically changing all spheres
of society. Informatization, as a civilizational process, is changing especially quickly
andhas affected all segments of people’s lives andwork, including education systems.
Modern education, according tomany scientists, is oriented towards the achievements
of complete and overall digitalization. People will need to have the right digital
education in the near future (already today) to be successful in their future workplace.
They can get this type of education at school, university or at work.

The ongoing digital transformation1 is making information technology education
increasingly important on a daily basis. One important reason for this is that digital
media provides new opportunities for digital learning. Digital education will allow
everyone to continue participating in the real world in a certain way in the future.

1 Manymistakenly confuse digital transformationwith other applications of information technology
in work and personal life.
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Modern software will also enable the progress in terms of which educational content
has beenmastered andwhich areas still need further education. The advantage of new
technologies and methods of work can be personalized, focusing on the development
of the potential of each individual. Despite all the changes that occur after the digital
transformation, the function of education remains unchanged: it should be possible
for people to develop as individuals and allow them to participate responsibly in
social, political, and economic life. Therefore education, that is developed on the
basis of the latest technology is needed. In order for digital education to achieve the
set tasks, the teaching staff at all levels must be educated and modernized. Digital
education requires well-trained staff who are able to use digital media to convey
relevant information to pupils, students, and trainees.

It is important that these efforts are practical, with an emphasis on the needs of
reality. Many of the recent educational research has focused on teaching and learning
within classroom conversations. This raises questions of the role of digitalization in
supporting such conversations. The main hypothesis of this paper is that the nature
of computers is dual– they are machines that can act as human beings (subjects),
and this allows them to play a potentially recognizable and valuable role in educa-
tional conversations. In the world, the digitalization of education is closely linked
to the changed way of life and work in the digital environment and the emergence
of generations who were born and study in this particular environment. The authors
plan to conduct scientific and professional research on digital education that will
facilitate the education of the next generations, which would achieve an optimal
potential and develop a culture of lifelong learning. This would prepare individuals
to work to meet global challenges and achieve a more inclusive and contemporary
society. It is expected that the planned research will, at the global level, enable
effective approaches to digital education to support individual’s educational ambi-
tions. This will be achieved in the next period over the next three years through
the implementation of the following activities contained in the planned development
strategy:

• Investigate the impact of changes in the field of digitalization on national and
international education policies in particular digital education;

• Plan recognised research methods focused on the higher education sectors as well
as learning on a workplace;

• Apply a portfolio of recognizable interdisciplinary research, aligned with major
university challenges, that reflects the underlying reality;

• Collaborate with leading domestic and international researchers on digital
education;

• Increase the effectiveness and efficiency of digital education practices, taking into
account the perspectives of all stakeholders;

• Develop outstanding graduates and scientists at the forefront of research and
innovation in digital education.

The digitalization of education is a science-based trend towards reforming and
modernising global education system. Digitalization means the transformation of
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all types of information (texts, sounds, visual materials, video, and other data from
various sources) into digital language.

Digital transformation is a long process of creating a “digital university organiza-
tion” in which most processes are performed without any human participation. The
specifics of the functioning of the university in the context of digital transformation
are as follows:

• Creation of special units related to digital technologies within the management
structure of the university.

• Conducting an online university survey with students on the use of distance
education technology.

• Exploring the possibilities of using mobile digital devices to access electronic
databases of university employees, students, and professors.

• Analysing the strategies and methodologies on the use of digital resources for the
implementation, regulation, and control of educational processes.

• Observing the speed of interaction between teaching staff and students and other
users of educational services using digital technology.

• Realization of new possibilities for organizational and social interactions between
university staff and students of educational process.

• Identifying positive activities, aspects, and problems of the use of digital
technology in university education.

• Examining the mastery of modern digital devices and software, as well as the
ability to apply digital technologies in practice management, are mandatory
competencies for all participants in the educational process [7].

Many universities have been using digital technologies for more than 10 years,
such as electronic timetables, electronic library system, electronic educational
resources (portals). On one hand, this facilitates the process of interaction between
students and teachers [11]. Today’s students, as digital users of educational services,
see the following advantages of using digital technologies: the ability to listen to
lectures by leading scientists and practitioners from other universities and countries,
save time for education and training, learn in an easier and more understandable
way, learn anywhere in the world, receive the most relevant knowledge all day long,
anywhere in the world. They believe that continuous learning is much more inter-
esting and enables the acquisition of competitive specialist skills.2 However, the
use of distance learning education technologies does not guarantee the participa-
tion of students in the learning process [12] and/or the achievement of high results
[10], while changes do not occur only by establishing contact [5]. The factors that
have an influence on forming the prestige and competitiveness of a university are
dependent on the loyalty of students, which is reflected in their information about
the provision of educational services and students’ recommendations to their friends
and acquaintances.

Digital innovations have opened up new opportunities for innovations in all
spheres of life and work, especially as opportunities that enable entirely new forms

2 Ibidem op. citatum.
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of interaction. Digitalization differs from previous paths of technological innova-
tions, with internal and external collaboration, and innovation platforms forming
best practice management mechanisms. Digital transformation is penetrating the
industry, many social organizations, and education is no exception. The goal for
accomplishing this is to meet the expectations and new learning needs of today’s
students. They play a key role in the digital transformation of education service
providers.

All over the world, digitalization in education is closely linked to the new way
of life in the digital environment and to the emergence of new generations born and
studying in a particular environment. To be successful in the workplace in the future,
students will need to have the right digital education. Whether at school, university,
or work—the ongoing digital transformation is making IT skills more and more
important. Themethodological transformation of the educational process itself, as an
integral part of the digital transformation, should not be neglected. We are confident
that the education system will be able to respond to the challenges of digitalization
and seize the opportunities it provides, but a new comprehensive approach is needed.
New possibilities for rapid data assessment enable the adaptation of learning content
and methods to the individual needs of pupils and students. Intelligent software
can guide their progress and identify which educational content is mastered and
which areas still need traditional teaching. In this way, educational processes can
be personalized, focusing on developing the potential of individual students. The
condition for change is not only what is taught, but also methods of how to learn.

Whether digital platforms, virtual or augmented reality, online libraries or webi-
nars are involved, the fact is that digital media enable many new and innovative
forms of teaching and learning in schools, vocational institutions, and universities,
as well as in corporate training and development programs for already employed.We
believe that digital learningmeansmore than the digitalization of existing educational
materials. Digitalization in education will enable transformed forms and contents of
communication, cooperation, and networking. As digital teaching is not tied either
to time or place, it is more flexible, individualized and more mobile than previous
forms and ways of learning. This means that in digitalization, learning content is
created, shared with others, and developed together in the cloud or in the fog. With
digital education, students accept greater personal responsibility at an early age,
and at the same time improve communication and teamwork. Modern technology
affects societies around the world and creates new opportunities and challenges, and
its role in education is becoming increasingly important. Digitalization differs from
previous technological innovation solutions, with internal and external collaboration
and innovation platforms that form best practice management mechanisms. Digital-
ization in education in addition to the technological component has a crucial role in
transforming the educational process. Digitalization in education is a great opportu-
nity, but also a challenge in terms of proper use, which implies critical thinking, and
by no means superficiality and mere consumerism.

The paper also deals with pedagogical possibilities and effects of education in the
electronic environment. A variety of applications is found in digital media in educa-
tion: from curricula and learning and training programs, databases and tools, through
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learning games, experiments and simulations to complex communication and cooper-
ation environments. Special attention is paid to the following topics: workwith young
people; vocational education; training; adult education (lifelong learning); pupils and
students; teachers; school management; parents; use of the Internet and educational
platforms; digital media in teaching; using digital media at home; computer use and
professional successes; methodological problems.

Media characteristics, learning prerequisites, didactic design and learning culture.
Mastering the media is not relevant during the school period, but is especially

important in the early childhood development phase. From the initial observation
of the media as auditory and visual sources of challenges, through the development
of media desires and preferences as well as the first forms of independent media
management to active work with the media, different stages of children’s media use
can bemonitored. The first contacts are in the parental home, and they largely depend
on the level of parents’ education. There, children should be trained to use the media
as places of non-formal learning, as a means of mastering the world and as a subject
of critical assessment, from which they will benefit in organizing their own lives.
This requires, structurally, the improvement of media and pedagogical education of
educators, as well as the close connection of family media education and profes-
sional improvement of media competence in pedagogical institutions. The amount
of time children and teens spend on digital technology inside and outside of school
has a significant impact on their learning in the classroom and on their physical and
mental well-being. In youth, this leads to various forms of media use, which in turn
is conditioned by the level of education. For teenagers, the media represent places of
non-formal learning outside of institutionalized learning processes. They use media
for orientation in the development of their personality, as a source of information
and knowledge and for developing media competence. The disproportionate ability
of young people to use information and knowledge or to be actively and creatively
introduced into someyouth cultures certainly contribute to thewidening of the knowl-
edge gap between educated and less educated young people. An important task of
young people’s extracurricular activities is therefore to prepare the conditions and
opportunities for young people to gain experience related to the media and to try out
different opportunities that media offer. The work in the media proved to be particu-
larly successful. For professional education, a special task is set to analyse and think
about the penetration of digitalization into the systems of work and the change of
tasks that arise from it. This penetration is increasingly affecting the disappearance
of the boundaries between work and learning. The focus is no longer on mastering
a work system, but on developing the ability to solve problems in the work process
with the help of digital technologies. Training processes are subject to special condi-
tions, e.g. in the organization as part-time studies, as part-time learning, or leisure
training. It is understandable that the possibilities of digital media are used here,
especially the Internet and specialized platforms to provide support in such learning
processes. In addition to training, there is a need in adult education to, for example in
social, cultural, primary and language education, improve the involvement of digital
media as a cultural technique and as a prerequisite for social engagement. In partic-
ular, those adults who are not involved in professional development must be given a
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wide opportunity to acquire competencies that will enable them to actively partici-
pate in social life and have independent access to educational tools. Until now, these
issues have not been sufficiently clarified, starting from the development of specific
didactics suitable for encouraging and improving the development of competence in
network-based learning processes, through the proportional preparation of standard
training topics to the educational profiles of relevant trainees. An important although
not a sufficient prerequisite for a successful work with digital media in education is
a positive basic attitude towards new media. One such attitude can be understood
by indicators of subjective opinion about the importance of working on a computer,
interest in the computer, the social significance of the computer for everyday and
professional life and possible positive or negative influences.

Many studies show that students in most countries have a very positive basic
attitude towards digital media. This is true in international comparison, where there
are certainly clear differences between boys and girls, in favour of boys. In addition to
the growing social relevance of computers and the necessity to use them competently,
for students the hope of improving teaching, i.e. learning and possible professional
needs are important aspects, that affect both the importance of digital media and the
open basic attitude towards them. If we look at students and their attitudes towards
digitalization, then we notice that they assess the intermediary function of digital
media as absolutely useful, this is especially true of learning programs, but they
are more suspicious about improving motivation and individualization. However,
their attitude, as in other groups, depends on their own experience. This partially
restrained assessment of students may be an expression of the not yet fully proven
use of digital media in teaching in colleges. To sum up, we can conclude that the
actors participating in education in the world show a very positive basic attitude and
basic mood regarding the social importance of digitalization and its application in
teaching.

Parents on a broader level see digitalization as an opportunity and a benefit for
the didactic area to support learning processes, but they are particularly critical and
concerned about the Internet in termsofmedia education.However, parents generally,
as can be read in various studies, give great importance to digital media for everyday
life and profession, and believe that the school must also train children to work on
a computer. In recent years, the number of parents who have set this task as an
obligation has been growing.

Regarding the use of computers and the Internet in teaching, if everything is taken
into account, it is not yet possible to talk about the evident integration of digital
media in teaching, although the indicators of use in recent years are on the rise.
In primary schools, the use of computers is more common, primarily in language
and mathematics teaching, as well as in extracurricular activities, where teaching
software and multimedia lexicons are used. In upper grades, digital media are more
often used in the teaching of informatics, in extracurricular activities, in teaching of
technical subjects, natural science subjects and economic subjects. As far as software
is concerned, tools, presentation programs and programming languages are primarily
used. In vocational schools, a special role in frequent use play the crafts, technical
subjects, and informatics, and accordingly, the software specific to the appropriate
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Fig. 2.1 Empirical data on the usage of the computer depending on the type of educational
institution

profession is used. Compared to other types of schools, there are more available
software packages. In 2018, half of the teaching staff often or occasionally use the
computer in teaching, one third of the teachers frequently or occasionally use the
Internet in general education schools.3 The teachers, however, state that they want
to use the media more in the future. Despite the fact that 72% of them want to use
the Internet more often, and 68% want to work with a computer more often, still
about 50% of them have not used digital media in teaching at all. The empirical data
show that, depending on the type of educational institution, a group of 10 to 30%
of teachers regularly use digital media in teaching. This group also represents the
main user of online tolls for teachers. Over 90% of them use the computer due to
the advantages it provides every day or several times a week for the preparation of
classes and for after-school work, and more than half of them use a computer daily
or several times a week in class. A graphical illustration to show the application of
the computer is given in Fig. 2.1.

In contrast to the still relatively insufficient use of digital media in teaching,
children and young people at home often use a computer. In 2018, it was found that
38% of children between the ages of 6 and 13 regularly use a computer (at least
once a week) at school, and 86% of them use a computer regularly at home. Thus,
32% of young people use a computer every day or several times a week at school,
and 76% used the computer at home with the same frequency.4 Home use is not,
however, limited to extracurricular activities, but also includes learning activities for
school. The data from national research are also confirmed by international research
in which the Republic of Croatia also takes part. If regular school usage (i.e. mostly
every day or several times a week) is taken as a criterion, then Croatia, in the case
of 15-year-old pupils, ranks last in comparison to the OECD member states.

Compared to other OECDmember states, with above-average frequent home use,
Croatia shows a great difference between school and home use of digital media. In

3 The research was conducted by the authors in the area of Split, the Republic of Croatia.
4 The studywas carried out by the authors on a sample of primary school pupils in Split, the Republic
of Croatia.
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addition to high expectations regarding the potential of digital media that enhance
learning, the question of their effects also arises. At the same time, various levels
can be noticed in which these influences are reflected: successes in the profession,
professional competencies, changes in the teaching culture and aspects of school
development. All data require a careful approach in two ways: on the one hand,
correlations do not yet show anything about causal relationships, and, on the other
hand, the research-methodological problem is that only bivariate relationships are
often observed, which can be presented differently if influencing factors are consid-
ered to be control variables. Which models of analysis are finally appropriate is a
question that needs to be clarified by research and methodology of research. Now,
in any case, the cognitive hypotheses of research can be formulated on the basis of
the mentioned connections (Fig. 2.2).

Muchmore detailed insight into the teaching processes of digital media is allowed
by scientific studies of a typical individual case, in which not only the outcome
but also the learning processes themselves are the subject of research. Such way
of gaining information undermines the representativeness. Namely, such individual
case studies show that digital media do not exacerbate the success of students in
the profession, as it can be improved in some parts of certain areas. This can be
applied to partial competencies in mathematics or to various aspects of success in
systemwriting. Particularly high-quality studies indicate that the question of success
in learning does not depend in large part on the extent of the characteristics of the used
media, the prerequisites for student learning and the didactic design of teaching. The
results of such studies, which tend to report negative impacts on learning success,
show in the analysis of teaching activities that partial artifacts can arise, e.g. by
shortening the explanation of professional content in favour of dealing with media-
specific interests, and lead to misconceptions.

Newmedia are demanding and accelerating the change of teaching. Many studies
point in particular to a change in understanding of the role of the teacher. Instead
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of the role of transmitter of teaching messages, the teacher gets the function of an
advisor and a moderator. In this regard, changes in teaching patterns are described.
In a narrower sense, such models refer primarily to typical teaching activities with
digital media, e.g. the application of training and checking software, the use of the
Internet for search or cooperation, etc. But in a broader sense, these forms of work
relate to how teachers in principle understand the design and delivery of teaching.5

Thus, case studies of individual cases, such as those related to learning with a laptop
(tablet), show that changes in the teaching culture are closely related to routinemodels
of teaching procedures in practice. Those teachers who perform student-centred
teaching using a laptop, notice fewer changes than those who hold fast to the teaching
process in whose centre the teacher is. Efficient integration of new media succeeds
mostly for teachers who contribute to the interaction of media content, learning
predispositions and social forms with their teaching style. During the interviews, the
respondents were asked to describe the key aspects needed to achieve the goal of
digitalization in their school. At the school leadership level, the core of digitalization
was linked to changes and transformations in teaching and learning. As shown in
the following research (Fig. 2.3) and practice, digitalization processes are limited
to the application of digital technologies without pedagogical and organisational
changes. This paper provides an overview of the evidence of the authors from the
research and evaluation studies related to digitalization, but also to broader higher
education practices. It is argued that the use of ICT alone does not result in improved
educational outcomes and ways of teaching:

1. computers in teaching distract participants in teaching 84%
2. concentrated attention in teaching decreased 78%
3. decrease in student empathy for digitalized teaching 81%
4. student aversion towards learning 59%
Little has been written and researched about specific teaching methods and/or

challenges in teaching twenty-first century competencies. With the entry of digi-
talization into the field of education, it is not clear whether technology has helped

5 The studywas carried out by the authors on a sample of primary school pupils in Split, the Republic
of Croatia.
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to remove, or the removal of barriers has itself become another obstacle in inte-
grating competencies. Gaining a teacher perspective is key to understanding barriers
as well as solutions to mitigate barriers through innovative teaching methods applied
worldwide through digital or non-digital platforms. The need for genuine teacher
contributions exists in this area as an obstacle to the twenty-first century education
and the role of digitalization. Digitalization is only successful whenwe have changed
the way we teach (Fig. 2.4).

Gaining a teacher perspective is key to understanding barriers, as well as solutions
to alleviate barriers through innovative teaching methods that emphasize the impor-
tance of the science-teaching process and the importance of placing students at the
centre of all activities. The mission of the teacher changes from a mere transmitter
of information to a conductor and organizer of a learning situation. To achieve this,
several methods must be combined, which require a balance between theoretical
and practical teaching. They can also be used to perform complementary activities.
A pilot research on how digitalization is evolving, as a potential factor in colleges,
reinforces the idea that digitization is directed towards technical development, often
characterized by the first steps of change and development towards digitalization
of education. Almost half of the institutions stated that they have an institutional
strategy (49%), while only 14% reported the existence of strategies at the faculties.
Just over a quarter (26%) said they were in the process developing a strategy. 10%
of the faculties have a plan to develop digitalization strategy.

The digitalization of education includes various aspects of quality, from orga-
nizational issues, technological infrastructure to pedagogical approaches. Digital
learning and education are just as important as formal education, although a much
larger amount of information is available through digital learning. In addition, as
digitalization moves forward as a key concept in higher education institutions, it also
encompasses quality issues in many ways.

The essence of this part of the project is mapping and discussion on digitalization
in teaching and learning in higher education institutions, which is understood as an
external and internal process.
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Digitalization initiatives have problems in achieving sustainability in schools, and
the application and the use of technology largely supports previous practices and do
not lead towards the change and development. The research based on evidence of
digital transformation in teaching practices is often small-scale, and processes are
often led and dependent on individual enthusiasts.

Education should not only be based on theory, as it is easier for educators when
working with a larger number of students, but it must also be in line with the balance
of practical knowledge and skills needed to start a profession. In the context of
education and digitalization, transformations could be shaped as new knowledge
and practices of teaching, learning, communicating, and organizing work in schools
and at universities.

The concept of transformation in this paper is broken down into smaller analytical
units. In short, the conceptualization of digitalization that emerges through smaller
steps allows the analysis of gradual digitalization, although it may not result in a
complete transformation in education. The analytical focus in this paper is how
teachers, education leaders and educational technologists understand the object
of digitalization, how educational institutions implement digital and educational
changes, and how new practices and infrastructures emerge as a part of digital trans-
formation in education. This, in turn, is expected to contribute to solutions at different
levels of learning, and thus to transformation steps in school.

According to current research, changes should happen every 5 years because
they are already permanent and rapid. They should then be applied in education,
in line with future labour market needs, through communication with employers
and companies that are a part of the labour market for future professionals. As
discussed in the research, digitalization processes are often limited to the application
of digital technologies, without interfering with teaching and learning practices or
organizational infrastructures to support digitalization [4].

The need for research is in line with occupations that will disappear in the near
future. Students will not be educated for occupations that will not be needed in the
society in the future, according to the development of digitalization. Professors will
not lose their jobs as theywill shift to new subjects to teach or improve certain profiles
in line with the development of digitalization. This fact has an influence of the appli-
cation of digitalization of adult education. This means that those who have to retrain
must master the process of digitalization of education, and later apply it to their jobs.
Digitalization and the use of tools facilitate learning and presentation, speeding up the
process of solving tasks that can be solved by more students at the same time. It also
facilitates the process of examining tasks, and it is possible to show a video of many
phenomena and processes. In doing so, projects and internships must be an integral
part of 4, 5 or 6 years of education in cooperation with companies or institutions,
depending on the profession for which the students are prepared. Upon completion
of their education, students will undergo training, acquire the necessary skills and
are ready for the labour market. Software in the field of education is an intellectual
technology and is called educational software, it includes programming languages
and accessories and the organization of teaching and learning, which is based on
logic and pedagogy. Thus, the term educational software means both ready-made
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computer programs, which can be used in teaching, and programs that help and guide
the individual phase of learning. The educational software contains various curricula
intended for users. The development of educational technology began when schools
and colleges began transforming traditional classrooms into virtual classrooms by
investing in educational software applications. The main goal of educational soft-
ware today is to make learning exciting. Educational software provides adequate
support to take advantage of developed and customized applications. The authors of
the article formulated the hypothesis that, in general, universities are ready for long
distance learning. There are also positive aspects and problems that are an encourage-
ment to improve educational processes in the context of digitalization. The purpose
of the study is to analyse the readiness of universities to develop digitalization at
universities using educational software and computers.

Although, this certainly applies to all stages of the educational process; however,
in higher education the development of new competencies has a certain need: higher
education prepares students for a professional career inwhich theywill move through
challenges and decision-making based on (reflective) competencies that are espe-
cially developed during higher education. In this regard, higher education plays
a crucial role in enabling students to become educated professionals, including
competence in problem-solving, information and conflict resolution [3]. The respon-
dents were asked about the subject of digitization in their faculty and their specific
role/practice, how the subject (including digital, educational, and organizational
needs) was discussed and developed now and over the years (individual and collec-
tive levels), how their faculties dealt with digital solutions and what support was
available. The respondents were also asked to describe the problems and difficul-
ties in trying to integrate digital technologies at different organizational levels, the
examples of changes in colleges and their practice, and what was important to bring
about such changes. Ongoing project, the first results of the analysis show that the
form, quality, and dimensions of the students’ thinking process differ significantly.
This is partly based on external conditions such as motivation to study, building an
identity before and during studies, study conditions, and so on, which then interact
with the ways students use technology, interact with teachers and their educational
software. The first findings allow a detailed assessment of individual solutions and
styles when incorporating educational technologies for students. This can develop a
discussion of why the use of technology is still ambiguous in higher education, both
on the student side and on the teacher/leader [9] side and form the basis for recom-
mendations for actively fitting individualized and iterative process facilitations into
the pedagogical repertoire of higher education technology courses [9]. From the
perspective of university teachers, digitalization has been specifically described as a
tool for enhanced control of tasks, materials, and communication with students; for
example, less work, administration, and better teaching and communication oppor-
tunities: “I saw the benefits of digital technologies pretty quickly; it was not an
increased workload, but a relief in everyday life “and” to organize everything was
the initial argument [2].”

The aim is to distinguish the field of educational technology research as an inter-
disciplinary field and to show some of the methods used to approach many research
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questions that arise fromaskingwhatmakes a good educational software. Educational
solutions offer an alternative and innovative approach to conventional or traditional
classroom learning methods. Therefore, it is needed to consistently develop educa-
tional software that transforms learning from conventional to innovative, focusing
on powerful management systems, automated data synchronization, integration with
customized mobile payments, and secure systems for communication and engage-
ment of teachers and students. Qualitative findings show that learning occurs in
the conversation of students working on the computer, and quantitative findings
suggest that this approach can bring significant benefits in learning within the normal
curriculum. Supporting the development of students’ digital competence, according
to teachers and educational technologists, is an opportunity for students to contribute
to alternativeways of teaching, learning, communication and collaboration inside and
outside the physical classroom. Accordingly, during the year, students were offered
digital course modules (including security, integrity, seeking knowledge and infor-
mation, developing critical thinking, and creating digital information) and digital
support for educational assignments (for making digital presentations, movies, etc.).

Qualitative findings show that learning occurs in the conversation of students
working on the computer, and quantitative findings suggest that this approach can
bring significant benefits in learning within the regular curriculum. Supporting the
development of students’ digital competence, according to teachers and educational
technologists, is an opportunity for students to contribute to alternative ways of
teaching, learning, communication and collaboration inside and outside the physical
classroom.Accordingly, during the year studentswere offered digital coursemodules
(including security, integrity, seeking knowledge and information, developing crit-
ical thinking, and creating digital information) and digital support for educational
assignments (for making digital presentations, films, etc.).

From a teacher’s perspective, changes in teaching and learning practices are gener-
ally described as improved opportunities for individualized teaching, information
distribution, and are more involved in student learning. “Students can just ask us and
read, and they can do it directly on the computer. That way the classes become so
lively, instead of handing in papers and waiting for comments for two weeks.” There
were also statements that “I nowhavemyown reusable digitalmaterial” and “I should
not take unnecessary time away from lectures due to lost work. However, as teachers
put it, these aspects require digital systems and organizational support. In doing so,
university teachers stated that digitization is seen as a tool to reduce administrative
burden, which in turn allows teachers to develop digitally in the teaching process.
Also one dean of a faculty said, “Most people are driven, curious and competent.”
For that, they need peace, quiet and protection from the administrative burden. In
addition to the technological dimensions of digitalization, support is focused on the
development of new teaching and learning designs, new ways of communication
within the organization, new ways of planning and organizing schooling in rural
areas and new ways of organizing administrative work. This also means that the
digitalization budget must contain more than a technical infusion.

The modern scientific and technological revolution is radically changing all
spheres of society. Informatization is changing especially fast as a civilizational
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process that has affected all segments of people’s lives andwork, including education
systems. Modern education, according to many scientists, focuses on the achieve-
ments and achievements of information and communication technologies (ICT). The
development of modern science in the field of ICT in education requires the intro-
duction of new approaches to the education system. Systematic thinking about the
needs that lead to changes in established ways of teaching, and which are caused by
the application of information technology in the process of learning and teaching, is
one of the ways of thinking about modern tendencies in education. Today, education
leaders face great challenges and opportunities, from ensuring that every student has
support for successful graduation, to balancing budgets and encouraging transforma-
tion to develop their systems into the largest educational institutions of the twenty-
first century. Lectures over the past year have been remote, hybrid or personal—it
has introduced many challenges and opportunities for teachers and students. One of
these opportunities is finding new ways to create systems in which students of all
learning abilities can access learning from anywhere. The application of information
and communication technologies (ICT) is changing education systems.

With the use of new technologies, education becomes available to a larger number
of people regardless of spatial distance, time constraints, age, or special needs. With
the help of new technologies, even less economically developed countries can become
involved in the information society. Modern students, after all, have come to know
the world through technology and accept all its forms. Not only that, but students
quickly understand and make full use of it, so investing in educational software can
have long-term and immediate benefits. Implementing new technology at a college or
university requiresmore than just buying newcomputers and setting up awebsite. The
successful use of technology for teaching and learning also requires major changes in
teaching and organizational culture. In managing technological change, Tony Bates
[1]—a world-renowned expert on the use of technology in university teaching—
discovers how to create a new, technologically competitive academic organization.
He conducted research from recent available papers and best practice cases—as well
as from his thirty years of experience in using teaching technology—to provide
practical change management strategies to ensure the successful use of technology.

The authors suggest how to win faculty support for teaching using technology and
offer suggestions on appropriate decision-making structures and how to apply them.
In doing so, they cover topics vital to all involved in technology or technology-based
learning, as well as the topics that involve change of management in order to ensure
the successful use of technology in higher education. Moving to the leading role
of digitalization in higher education means taking on additional responsibility for
strategic planning. Strategies to gain faculty support for technology teaching, appro-
priate reward systems, funding innovation, and regular technology-based teaching,
workload and cost management, copyright issues, and helping the faculty develop
a vision for teaching and learning with technology are all described, and advice is
given on appropriate decision-making and reporting structures [1].

The digital transformation is causing major changes in higher education and
research. These current changes impose the feeling that the combination of powerful
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new communication technology, big data, profitable digital companies, new rela-
tionship of citizens with information and knowledge and the global state of the envi-
ronment will bring either highly desirable or terribly harmful outcomes. The digital
transformation has come into classroom because colleges want to use digital teaching
materials. Digital versions of materials are much easier to modify and distribute, and
can be incorporated with additional features that help students learn. These mate-
rials include assessments, which are based on student AI and can be assessed and
analysed, while saving teachers valuable time.

The perception of permanent acceleration creates both extravagant and plausible
images of the future.Within this confusing landscape, public higher education institu-
tions and research institutions (referred to herein as “HER”) need tools to anticipate
change and develop appropriate strategies. Explaining how HER could evolve to
meet digital transformation is complex and multi-layered. The rapid rate at which
technology affects practices and organizations creates a high level of uncertainty.
Digital implications that extend far into scientific disciplines, economic sectors, and
civil society generate interdependence and nonlinear change. Educational software is
a very complex product of intellectual, creative and teamwork, created for functions
in educational processes. Students use educational software in several categories to
cover and master curricular content and lesson plans, taking exams and learning.
The efficiency of teaching and learning in modern conditions depends, among other
things, on the quality of the applied educational software. The quality of educational
software is determined by a whole set of relevant factors that are built into it, ranging
from creation to adequate application in a specific educational situation. In the field
of educational software, the terms “software review” and “software evaluation” are
often used, and some authors do not differentiate between them when it comes to
its evaluation or assessment. Of course, it is about the use of these terms in the
English-speaking area, so it is necessary to interpret them in more detail.

The word “evaluation” is interpreted as the process of collecting, processing data,
and using information to assess and decide on the value of educational software.
The term “review” is used in the sense of a critical assessment of educational soft-
ware, but without a thorough study and testing of that software product. This term
is often used for superficial judgment or personal (subjective) impression. Educa-
tional software is a complex intellectual, IT, aesthetic, educational and technical
product that must be evaluated as a complex whole. Evaluation of educational soft-
ware is performed from different aspects, known as: formative evaluation, summary
(complex) evaluation, technical evaluation and educational (educational) evaluation.
Formative (preliminary) evaluation of educational software refers to the phase of
its creation and development, and is based on the evaluation of the documentation
of each part of the development process of educational software. Summative eval-
uation of educational software can be done through extensive testing by the method
of parallel groups, observation, etc. The goal of summative evaluation of educa-
tional software is to determine whether the set goals and objectives are achieved and
how. Technical evaluation of educational software is performed in order to check its
technical characteristics in terms of: robustness (reliability on error), screen design,
quality of equipment, etc. Information on the quality of educational software can
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be obtained through assessment and evaluation. Based on the experience of special-
ized identification institutions. The methods, techniques, and instruments for quality
evaluation in educational software (EPIE,6 MicroSIFT,7 Alberta Education8), for
obtaining the basis for “measuring” the quality of educational software are used:
description and catalogue records, careful reviews (assessments), systematic evalu-
ation, data on non-recommended educational software in which basic shortcomings
have been identified.

The paper gives in detail all important concepts around educational software,
from its definition to the latest trends in educational software. Today, many univer-
sities and colleges have embraced the latest technologies to educate students for the
future. From science and informatics courses to practice, cabinets are technology-
based, using online educational software,which is nowa reality. Educational software
usually has different features based on its use, goals, and target users. However, the
best educational software has some common features, listed below. Each student has a
different pace of learning for different curricula. Therefore, it is crucial for a quality
educational software solution to enable individualization in these areas. Students
should be able to structure andmanage their learning speed and save theirwork so that
they can use it again later for joint courses. Students who may not like to sit in class
and listen to a lecture or solve assignments may be thrilled with an educational game
designed to teach math using sound and graphics. Educational software is applied
in the following educational areas such as distance learning, networking, training,
and more specific programs such as equipment training and support. Education and
training software can be online (web-based) software, software that is downloaded
and run on a local computer system, or software that is purchased and distributed
through networked education systems for a large number of users. The basic function
of most educational software programs, whether intended for college or for home
use, is to improve the teaching process. Professors can use educational software in
a variety of ways to achieve better success. Educational software allows students to
monitor what they learn and to demonstrate their knowledge.

For example, free Microsoft Office software allows teachers to create concept
maps, charts, and graphs, as well as enter test data. Teachers can also import data
from e-books, websites, and blogs in an introduction to PowerPoint. This type of
educational software provides teachers with excellent current details and interaction
with students in an easy way [13].

6 The Department of Educational Programs and Institutional Effectiveness (EPIE) provides lead-
ership and coordination of education and service initiatives across the United States, course and
program approval, accreditation, strategic planning, class attendance, and institutional research.
7 Students and teachers at eligible institutions can apply for Office 365 Education free of charge,
including Word, Excel, PowerPoint, and now Microsoft Teams, plus additional tools in the class-
room. Also cloud services to create a modern classroom. Microsoft Corporation is an American
multinational technology company based in Redmond. The company’s core business includes the
development, production, licensing, support, and sale of computer software.
8 The Education Capital Planning Division in Alberta is responsible for developing and imple-
menting policies, plans and strategies to support infrastructure and capital planning and investment
in the education system.
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Another popular tool for cloud-based9 colleges and professors is the online project
management portal. Tools like Basecamp allow entire departments to be on the same
page as they write a new test, develop new worksheets, or adopt a new textbook
that is better in line with educational standards. These collaboration tools can be
accessed anywhere with an Internet connection, which facilitates collaboration from
home and uses school planning time more effectively to meet students’ needs.

The types of educational software are classified in this paper according to the
degree of user independence in managing the process of education, i.e. learning.
Less independent work of the user is more defined by the educational software
program, and more independent work is the one in which the software allows the
user to manage and structure the process of his learning and work.

• Educational software that completely guides the user through the learning process
and in which the user’s independence is directed by the program is called manage-
ment educational software. This type of software, in addition to the elements of
educational content, also has instructions for use. The instruction gives the user
a suggestion when to stop using the computer and to continue learning from the
textbook or to make an experiment, i.e. to look for some data in other sources
and/or to consult the teacher.

• Tutor educational software is intended for learning those educational contents that
are learned in the form of programmed exercises and which the user must master
in the same order (learning by mechanical memorization). It is software that has
very rigid control algorithms built into it, which the software user can have little
influence on.

• Diagnostic educational software is used to test the knowledge, abilities and skills
of users for some educational content. This type of software provides the user with
information of the feedback type, on the basis of which he can make management
decisions about further learning or education flows.

• Educational training software is used exclusively to determine knowledge or build
skills. The user manages his education and determines the difficulty of the task
that the software contains and based on the achieved results, the user determines
the tasks to be mastered.

• Educational software of the database type (knowledge) is designed in the form of a
specialized encyclopaedia of knowledge. This means that the user can only get the
information that is in some way of organization and content of the interpretation
stored in the data bank.Basedonhis educational goals and tasks, the user structures
the learning process using knowledge from the data bank.

• Educational software of the experimental type is used for experiments in labo-
ratories and practical classes for measuring and controlling processes, apparatus
and machines. There is also the use of additional hardware with the computer.

9 Simply explained, cloud computing is the delivery of computing services — including servers,
storage, databases, networking, software, analytics, and intelligence — over the Internet (the
“cloud”) to deliver faster innovation, flexible resources, and economies of scale. Usually, only
the cloud services used are paid for, which helps reducing operating costs, run infrastructure more
efficiently, and adapt to education needs.
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With the help of a computer and specific software, the user manages the learning
process with empirical methods.

• Educational simulation software allows some real systems to be represented using
models on a computer and to simulate the processes of those systems on it. Also,
with the help of simulation, it is possible to discover the functional and structural
features of the system being studied. Depending on the previous knowledge,
the user can program his own learning and education using simulation models
given to him or construct them himself. In the application of simulation software,
individual knowledge about the management of learning and education processes
comes is demonstrated.

• Software tools are programs designed for users to design educational content
that they master themselves. This primarily refers to tools for word processing,
database formation, various calculations, graphics, etc. These software prod-
ucts provide great opportunities for complete self-management, knowledge
acquisition, skill building and habit building.

• Graphic software has a great application for students and teachers. Thanks to this
software, they can not only record and modify, but also create images present
online or in the program. It also allows you to create elegant online presentations.

• Digital media—educational software. Educational software has turned a tradi-
tional classroom into a digital one. In the era of smart technologies, educational
content has also become smart. Such software encompasses a variety of tech-
nologies, including artificial intelligence and machine learning, so that its digital
content effortlessly adapts to different user needs and knowledge base. More-
over, smart content contains built-in grades so teachers can track and test students
effortlessly.

• Intelligent tutoring systems are the highest level of quality educational software
and are based on achievements in the field of artificial intelligence. Intelligent
tutoring systems are dialogue-oriented systems, which, based on communication
with the user, provide the necessary knowledge and advice that they explain in an
adequate way. Such knowledge comes from experts and differs from textbooks.
For now, the programs are still in research and development and are used in
teaching and learning. Intelligent tutoring systems from the point of view of user
management represent the highest level of independence [6].

The rapid development of technology has conditioned that education also becomes
digital like many other industries. There are many educational software available on
the market today [13].

• The authoring system allows teachers to create educational software. With this,
they can easily design electronic cards or index cards on specific topics. They
can also create tutorials, lessons for multimedia content. There is also an online
authoring system that helps teachers in this regard.

• Desktop Publishing Leaflets, brochures and newsletters are created and designed
using desktop publishing software. Using this, teachers inform students about
faculty activities in an attractive way. It is a necessary skill for new graduates.
Many colleges focus on desktop publishing packages, such as Microsoft Office
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and Adobe Creative Suite. There are many paid courses and videos available on
YouTube for learning.

• Graphic software, this type of educational software is especially used in making
presentations. Using this software, students can capture, create andmodify images
available on the Internet. Adobe Photoshop, CorelDraw, Microsoft paint, Canva
and Picasa are examples of graphics software.

• Reference software. The name shows its purpose. This software provides addi-
tional assistance when searching for research projects. Encyclopaedias, thesauri,
atlases, and dictionaries are typical examples of reference software.

• Software evaluation. Such software is designed for student assessment. The test
or exam ends on a networked computer. After that, this software scores each test
of each student and provides the result as an output. This software can also help
prepare students for exams. Many types of software are used to update, submit,
assess and grade. Moodle, Google Classroom, Grading Master, and Blackboard
Learn are the best examples of grading software.

• Tutorials software. This type of educational software offers students a platform
on which they can learn on their own. Such software provides information on
a particular topic, gives them time to practice, and ultimately examines their
performance. Courser, Alison and Udemy are examples of software tutorials.

• Educational games. Somegames are designed for educational purposes. Education
and games in one place make the learning environment existing. Also, these
games improve the motivation to learn. Charades, Hangman, Bingo, Pictionary
and QuizAlize are the best examples of educational games.

• Demonstration software. This type of educational software is used for experi-
mental purposes in the fields of biology, physics, chemistry. Sometimes the device
is expensive to buy, or it is unsafe to work physically. Thus, this software assisted
in the simulation and observation of the experiment. There is a lot of demonstra-
tion software such asWolfram Demonstration Projects, MyPhysicsLab and PhET
Interactive Simulation.

• Special needs software. Special needs educational software is designed for the
needs of special students. Basically, this software, combined with the auxiliary
software, provides an effective platform for learning for students with special
needs.Computer text reading aloud, speech synthesizers, andmultimedia software
are examples of such software.

• Software for solving mathematical problems. This software helps teachers, espe-
cially mathematics, to develop student’ problem-solving skills. Science teachers
can also use this kind of software to conduct the results of experiments.

• Utility, educational software is a utility for teachers. It helps them to create tests
and quizzes. It can be said that it functions as a grading book for teachers.

Through video conferencing, a student can acquire their education online.
Students and teachers communicate and lead their discussions in virtual rooms. In
this case, universities are also developing more programs, using distance learning
models. They offer foreign students online courses without having to leave their
country.
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The paper argues that rapid digital disruption implies a method by which business
technology is treated as an element of a strategy that would change. The advent of the
Internet and theWorldWideWebhas changed and strengthened the role of technology
in enabling new ways of doing business, and companies have begun to develop
business and technology strategies in parallel. Now is the time of digitalization when
technology has the potential to fundamentally change the nature of business and
the way it does business. For this reason, it is necessary that all companies need to
establish a technology-driven strategy. One that never stays intact, but is dynamic and
capable will adapt quickly to change with the advent of new technologies. Successful
companies will see technology as an opportunity for progress, not as something they
just have to “deal with”. Business success will be inextricably linked to the way
modern digital technologies are used in all aspects. Future business success is likely
to be characterized by companies that accept only digital disruptions.

The concepts of digital and digitalization of the company have existed for many
years, however they still remain abstract. This lack of a common and concrete defi-
nition leads to a certain ambiguity already when it comes to the basic task of DMM:
measuring the level of digitalization of a company. In this context, questions such as:
What are the relevant variables for measuring digitization? How can they be quan-
tified? How can a certain comparability between companies be ensured? How can
one investigate whether a certain level of digitization affects a company’s perfor-
mance? In this regard, emphasis is placed on the need for further scientific research
on digital maturity, in order to contribute to a deeper understanding of the current
sociotechnical phenomenon of digital transformation. Recently, in the context of
digitalization, researchers and practitioners have set out to assess the digital maturity
of organizations. The proposed models based on the development and application of
the maturity model still have a number of shortcomings. As for the maturity model
measurement procedures, the existing academic literature does not yet offer specific
quality criteria. As already pointed out, the target area of interest in terms of digital-
ization of companies is very wide and a significant research venture and consensus in
its application and comparative analysis measurement of achievements is still ahead.

2.3 Conclusions

The paper argues that rapid digital disruption implies a method by which business
technology is treated as an element of a strategy that would change. The advent of the
Internet and theWorldWideWebhas changed and strengthened the role of technology
in enabling new ways of doing business, and companies have begun to develop
business and technology strategies in parallel. Now is the time of digitalization when
technology has the potential to fundamentally change the nature of business and
the way it does business. For this reason, it is necessary that all companies need to
establish a technology-driven strategy. One that never stays intact, but is dynamic and
capable will adapt quickly to change with the advent of new technologies. Successful
companies will see technology as an opportunity for progress, not as something they
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just have to “deal with”. Business success will be inextricably linked to the way
modern digital technologies are used in all aspects. Future business success is likely
to be characterized by companies that accept only digital disruptions.

The concepts of digital and digitalization of the company have existed for many
years, however they still remain abstract. This lack of a common and concrete defi-
nition leads to a certain ambiguity already when it comes to the basic task of DMM:
measuring the level of digitalization of a company. In this context, questions such as:
What are the relevant variables for measuring digitization? How can they be quan-
tified? How can a certain comparability between companies be ensured? How can
one investigate whether a certain level of digitization affects a company’s perfor-
mance? In this regard, emphasis is placed on the need for further scientific research
on digital maturity, in order to contribute to a deeper understanding of the current
sociotechnical phenomenon of digital transformation. Recently, in the context of
digitalization, researchers and practitioners have set out to assess the digital maturity
of organizations. The proposed models based on the development and application of
the maturity model still have a number of shortcomings. As for the maturity model
measurement procedures, the existing academic literature does not yet offer specific
quality criteria. As already pointed out, the target area of interest in terms of digital-
ization of companies is very wide and a significant research venture and consensus in
its application and comparative analysis measurement of achievements is still ahead.
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Chapter 3
Remote Teaching and Learning Math
in English Through CLIL

Maria Guida and Letizia Cinganotto

Abstract The chapter will focus on teaching Mathematics through CLIL (Content
and Language Integrated Learning) in remote and hybrid settings due to the
pandemic. After highlighting the main pillars of CLIL, the chapter will try to inves-
tigate the opportunities and challenges of CLIL in Math in these new and unprece-
dented educational scenarios. Examples of repositories, webtools, digital boards used
by teachers for remote CLIL teaching will be described as a way to foster students’
engagement, interaction and interactivity. Excerpts from the interviewswith a sample
of Italian Math teachers engaged in CLIL activities during the pandemic will be
reported as evidence of the potential of CLIL activities in Math also in remote and
hybrid school contexts. Despite the challenges due to the pandemic, the teachers
were able to deliver Math content in a meaningful way, through a problem-based
or project-based learning approach which could facilitate and enhance the under-
standing of CLIL tasks. Communication and interaction among the students and
with the teachers were fostered through the discussion, explanation and negotiation
of the different CLIL activities, alternating both the L1 and the L2, adopting the
practice of translanguaging, which can really work in a CLIL environment.

Keywords Mathematics · Math education · Remote teaching · Hybrid teaching ·
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3.1 Introduction and Methodology

The acronym CLIL (Content and Language Integrated Learning) [1] refers to an
umbrellamethodology entailing the learning of subject content in a foreign language.
In Italy CLIL became compulsory in 2010 according to a reform law, introducing it
in all upper secondary schools [2, 3]. The majority of schools, except for technical
schools, can choose Mathematics, among the others, as the subject to be delivered
through CLIL, also considering the teachers’ competences in CLIL methodology
and in the foreign language. In fact, the Italian CLIL teacher profile is based on
language competences (C1 level of the Common European Framework of Refer-
ence for Languages) and on methodological competences, acquired by attending
university courses.

During the pandemic themajority of schools and universitieswere forced to switch
to online teaching and to reshape their teaching methodologies and techniques.

However, many teachers did not give up and struggled to keep on teaching
CLIL also in the new educational scenarios, considering the potential of this
student-centered methodology.

This chapter reports on a study conducted by the authors about opportunities and
challenges of teachingMathematicswith theCLILmethodology during theCovid-19
pandemic, in remote and hybrid learning. In particular, authors’ research questions
consist in identifying those opportunities of teaching Math in CLIL that can be also
identified in hybrid or remote teaching.

Here are the research questions which represent the starting point of the study:

Which are the opportunities and challenges of the CLIL approach in teachingMath in hybrid
or remote scenarios?

Can young learners improve both their Mathematical thinking skills and second language
skills through a CLIL approach even in remote/hybrid teaching?

As tomethodology and tools, the present study adopted a qualitative design, based
on the observation of some online lessons and several interviews to the teachers
involved, to capture their perspective, experiences and perceptions about the period
when they had to give hybrid classes of Math, in particular CLIL Math.

In particular, seven Italian teachers of CLIL in Math were interviewed by the
authors: one of them is a primary school teacher and the other six are upper secondary
school teachers. The primary school teacher (Teacher 7) teaches Math, Science
and Physical Education in a comprehensive school in the province of Milan, while
the other six teachers teach Math in CLIL in 3 different upper secondary schools
(Teachers 1 and 2 in the north of Italy; Teachers 3 and 4 in the center and Teachers
5 and 6 in the south). The authors deemed useful to interview a higher number of
upper secondary school teachers as CLIL is compulsory in Italy at that school level.

The interviewwas held online in a video-conference room during the pandemic in
May 2021, starting from the abovementioned research questions. The authorswanted
to create an informal and easy-going atmosphere, in order to let the teachers feel free
to express their opinions and reactions to the remote and blended teaching of Math
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through CLIL. That is why the discussion was guided as an informal brainstorming
and round table, with no particular rules in the turn taking. They would just raise their
hand by using the specific function in the video-conference room and could take the
floor. The discussion went very smoothly with no overlapping and it provided the
authors with interesting insights which will be partly reported in this contribution by
quoting some of the teachers’ remarks.

The structure of the chapter is organized as follows: CLIL methodology is
explained in general, showing its theoretical background, its typical tools and its
effectiveness in order to reach the students’ deep learning. After discussing pros and
cons of the CLIL approach in Mathematical lessons, putting as a starting point a
vision of Mathematical education nowadays, a picture of current remote and hybrid
educational scenarios for CLIL and Mathematics is depicted. Comments and reflec-
tions from the interviews with the teachers are reported in different parts of the text,
to support the discussion about opportunities and challenges of remote and hybrid
teaching of Math in CLIL.

Finally, some examples of online lessons of Mathematics CLIL are described,
providing suggestions and input for planning and implementing innovative and
engaging CLIL activities in Math through the use of learning technologies.

3.2 Main Pillars of CLIL

CLIL has been mentioned by the European Commission and the Council of Europe
as a driver for innovation, fostering language competences and subject knowledge
at the same time. CLIL methodology is also a very powerful tool for enhancing
plurilingualism, as suggested in the latest Council Recommendation for a compre-
hensive approach to the teaching and learning of languages [4]: in Italy the majority
of schools chose English as the vehicular language, as it is the first foreign language,
taught as compulsory from primary to upper secondary school. However, the use of
other foreign languages is also encouraged and enhanced.

CLIL methodology points at using a variety of teaching techniques mainly taken
from the field of language learning and teaching, aimed at providing comprehensible
input in the foreign language [5] and helping them processing and elaborating that
input, while activating cognitive skills and critical thinking skills, according toBloom
taxonomy, as in the adapted version reported below [6] (Fig. 3.1).

In fact, one of the best known CLIL pillars is the so-called 4Cs framework [7],
which consists of:

– Content: subject delivery
– Culture: cultural and intercultural background
– Communication: interaction and communication among students and with the

teachers about the subject content
– Cognition: the development of cognitive and critical thinking skills.
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Fig. 3.1 Bloom taxonomy
[6]

Task-based learning can be a very effectivemethodology for CLIL, as students are
guided to carry out meaningful tasks using the foreign language in real-life contexts.

Mathematical tasks in a foreign language can be a good way for implementing
CLIL in STEM (Science, Technology, Engineering, Math) and some examples will
be mentioned in the next paragraphs.

An important dimension in CLIL methodology is scaffolding [8], through which
the teacher can guide students step by step in the learning process.

Infographics, images, diagrams can represent good examples of scaffolding tech-
niques, aimed at facilitating and supporting the students both in the language and in
the subject content progression.

Another pillar of CLIL is feedback [9, 10], which is a very powerful tool for
deeper learning, as it can give students the proper information to adjust the learning
pathway and enhance progress.

Feedback can come from the teacher but also from peers (peer feedback): both
the kinds of feedback can give important information to the students and help them
direct their next learning choices.

Among the CLIL milestones, it is worth mentioning the practice of “translan-
guaging” [11], which means accessing different linguistic features or various modes
of different languages, in order to maximize communicative potential. It means that
in a CLIL environment it is allowed and encouraged to switch from L1 to L2 in
order to empower communication, interaction and understanding, especially when
the subject-specific language is particularly difficult as in the case ofMath: it is impor-
tant to foster subject-specific literacy among all the “pluriliteracies” that twenty-first
century students need to develop in the Knowledge Society [12, 13].

3.3 A Dialogic Vision of Teaching Mathematics: The Added
Value of CLIL

Teaching Mathematics through CLIL is promising but not entirely free from risks
and dangers that must be analyzed, looking for strategies aimed at minimizing their
impact or even prevent them. Some possible negative facts of CLIL incidence are
mainly focused on time consumption, level of foreign language required from both
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students and teachers, lack of confidence with CLIL theoretical underpinnings, and
insufficient teacher training courses [14].

On the other hand, according to Favilli et al. [15] teaching Mathematics in L2
requires a great ability in standard Mathematical terminology to interact in the
classroom along with non-formal language skills to favor teachers’ explanation and,
subsequently, students’ understanding.

Consequently, the disadvantages of CLIL might not be in the teaching–learning
methodology, but rather in the complexity of the requirements and competences that
teachers consider necessary to perform Mathematics in CLIL successfully.

Anyhow, these considerations should not be frightening because, besides the risks,
there are many opportunities for CLIL to have a considerable positive effect on
Mathematical classes and on student’s learning. First of all, because of the attention
paid, by the teacher first, to the language used and the disciplinary register that leads to
increase the metalinguistic awareness (both in L1 and L2), the ability of facing word
problems and consequently the intrinsic motivation, when students are supported by
teachers in the process of acquiring such skills. Secondly, because CLIL rethinks the
nature of tasks, pointing to an active and significant learning and finally, because of
the aim at developing communication skills. This paragraph deals with discussing
these statements below.

Let’s start by clarifying what do we mean by the expression “language of Mathe-
matics”. It can be usedwith a variety of meanings [16] including the spoken language
of theMathematical classroom, the use of particularwords forMathematical ends (the
register), the language of word problems or textbooks as a whole, including graphic,
the language of written symbolic forms and even the “inner speech” of someone
doing Mathematics alone. Language can be used to both conjure and control mental
images in the service ofMathematics. Anyway, what are the aspects ofMathematical
language that challenge students?

Notoriously, this language is highly precise, intolerant of ambiguity, concise,
it mixes prose, symbols, formula, figures and diagrams, it uses large numbers of
symbols, it is at times written one way and read in another (≥becomes ‘is greater
than or equal to’, / used in fractions is read as ‘divided by’). In addition, there are
several concepts that are easily confused such as area versus perimeter; dependent
versus independent; direct proportion versus inverse proportion; expression versus
equation; mean versus median versus mode; necessary versus sufficient; numerator
versus denominator, square versus square root. There also words that take on an
additional or a differentmeaning inMathematical discourse than in ordinary language
such as expression, column, factor, identity, mean, net, volume and so on [17].

Consequently, it is clear that the attention to the language is necessary even in
Mathematical classes held in themother tonguebecause of the peculiar characteristics
of Mathematical language, exactly like in CLIL.

If the teacher assumes that students are able to deal with the language of Mathe-
matics and does not carry out specific scaffolding actions in this sense, (just as in the
CLIL lessons one works taking into account the foreign language) students will end
up feeling the language of Mathematics as a foreign and unknown language more
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and more over the years, a growing up barrier between themselves and the learning
of Mathematical concepts.

In this sense, teacher should accompany the pupils in developing systematic habits,
approaches and processes for learning Math.

Coonan points out that what transforms a disciplinary lesson conveyed in L2/LS
into a realCLIL lesson is themethodology adopted, the didactic choices, the strategies
to support learning that the teacher uses [18].

Students are ideally supported getting in the habit of reading texts more slowly
and carefully, paying attention to detail, reading problems several times, underlining
clue/key words, looking up symbols immediately if they do not recall what they
mean, always checking for the givens and what needs to be found out, focusing on
the processes rather than the answer itself, having to prove verbally or in writing
that they understood a concept or process instead of allowing them to just say they
understood it, interpreting tables and diagrams, applying formulae.

These habits, one acquired in CLIL, can persist and can be applied even in L1 to
school problems and life issues.

These work on language appear to be crucial because many students are unable
to follow Math classes, even in their mother tongue, as they find them linguistically
too complex, not only with regards to the textbook to be read and understood but
also as to the classroom interaction. This situation brings, as a result, that students
get demotivated, no longer interested in the subject, less committed and, eventually,
they feel left behind and leave the school early [19].

As to Mathematics, this phenomenon was particularly evident and generally
accepted since the results of the 2015 OECD PISA survey.

Several scholars state that the linguistic structure of a problem can influence the
resolution of the problem by the students and affirm the strong relationship between
language and resolution of verbal problems [20–22].

According to the research of Bonnet [23], students can indeed switch to themother
tongue when there is a conceptual problem, but that this does not normally lead
to the solution of the problem. It seems clear, therefore, that rather than being an
impediment, L2 processing actually has a great potential also and in particular for
learning specific concepts of non-linguistic subjects, in particular Mathematics. In
this sense, Math teachers can discover through CLIL how a variety of teaching
techniques mainly taken from the field of language learning and teaching, aimed at
providing comprehensible inputs in the foreign language [5] can be useful in Math
classes.

Furthermore, Mathematical Language is one out of ten factors that Anthony and
Walshaw [24] identify for effective pedagogy inMathematics. These scholars empha-
size, among other factors, the importance of promoting learning communities and
constructive discourse classroom and choose carefully the tasks to intensify students’
thinking, also dealing with the different panoramas that can be present in life. For
example, in Italy, a decimal like 5,735 is representedwith a comma, while in different
cultures the digit 5 represents thousands.

Learners should understand the presence and the role of Mathematics in everyday
situations [25] so Math contents should be seen as something positive for life, and
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this can be done with the proper choice of the tasks to be assigned, avoiding to
insist too much on difficult procedures and formulas to be memorized [26, 27].
For instance, throughout the educational process, it is possible to see the teaching–
learning of Mathematics transversely related to the objectives of sustainable devel-
opment. According to Beswick et al. [28] teachers should recognize real contexts
and applications in order to raise interest and attention to Mathematics. Therefore,
the chance to participate actively in the development of a real project directly linked
to Math is a powerful opportunity to engage students and enable them to carry out
active learning. In addition, this entails the possibility of developing language skills in
real settings. PBL (Project based learning) [29] is a methodology typically proposed
for CLIL lessons and it is also invaluable for Mathematics lessons if the aim is to
accomplish the above. Furthermore, CLIL students work more persistently on tasks,
demonstrating a greater tolerance to frustration, and thus acquiring a greater degree
of procedural competence in the non-linguistic subject [30].

With reference to the development of students’ communication skills of Math
content through CLIL and PBL, Dalton-Puffer [31] recognizes the crucial role of
authentic communication between students and teacher with respect to the language
and disciplinary teaching/learning process. She also highlights the “action with the
language” that translates students’ language skills into communicative events (for
example, a presentation in class) and reflects their practical skills in final products
(for example, an infographic, a research, a poster, etc.). Those products represent the
tangible, observable and immediately appreciable outcomes of their learning, both
linguistic and Mathematic.

3.4 Remote and Hybrid Educational Scenarios for CLIL

During the pandemic due to COVID-19 schools and universities were forced to teach
online and educational scenarios have become more and more flexible, according to
the specific situations and needs. That is why teachers had to rethink and reshape
their teaching strategies, re-organizing their annual plan and the activities planned
for ordinary pre-COVID settings. In fact, depending on the level of emergency and
on the presence of any infected students or teachers in the school, different teaching
solutions had to be put in place, such as hybrid, blended or fully online teaching
episodes, often rotating the presence of the students in class, in order to guarantee
physical distance and prevent infection.

Therefore, the use of platforms, webtools and learning technologies has become
crucial for languages and CLIL, as well as for all the other subjects.

In particular, as far as language learning and CLIL are concerned, the use of
learning technologies was already recommended and encouraged by the European
Commission in the report titled “Improving the effectiveness of language learning:
CLIL and Computer-Assisted Language Learning”, dated 2014 [32]. The following
options are mentioned in the report as examples of CALL (Computer Assisted
Language Learning), that can foster the implementation of CLIL:



48 M. Guida and L. Cinganotto

– authentic foreign language material, such as video clips, flash-animations, web-
quests, pod-casts, web-casts, news broadcasts etc.;

– online environments where learners can communicate with foreign language
speakers, through email, text-based computer-mediated communication
(synchronous and asynchronous), social media, or voice/video conferencing;

– language-learning tools (online apps or software), for phonetics, pronunciation,
vocabulary, grammar and clause analysis, which may include a text-to-speech
function or speech recognition, and often include interactive and guided exercises;

– online proprietary virtual learning environments, which offer teacher-student and
peer-to- peer communication;

– game-based learning.

Even in the above-mentioned “Council Recommendation on a comprehensive
approach to language teaching and learning” (2019) [4], technologies are mentioned
and recommended to improve the quality of language learning and teaching and to
make CLIL (Content and Language Integrated Learning) more effective.

A wide range of webtools for language learning and CLIL were used by teachers
during the pandemic and have becomemore andmore popular in the current learning
scenarios. As a general lesson learnt from the pandemic, teachers have found out the
potential of learning technologies beyond the emergency linked to the pandemic [33].

In particular, repositories such as TED-Ed and Khan Academy can help teachers
find materials to be assigned for flipped learning pathways or for revising content.

Khan Academy is particularly useful for Math, as teachers can find a wide range
of resources in the shape of videos about different topics: they are attractive and
colorful explanations by a teacher, often including quizzes, tests and other activities
for self-study and self-assessment.

Other useful platforms can be Phet and Labster, recreating virtual labs, where
students can be engaged in effective and stimulatingCLIL tasks, and problem-solving
activities, entailing the use of the language to solve problems, make hypothesis and
investigate the topic through the eyes of a mathematician or a scientist.

Also the use of shared digital boards such as Padlet, Linoit, Whiteboard. chat,
Jamboard has turned out to be very effective for engaging students in real time
tasks to be performed in synchronous during live sessions with the teacher and the
classmates, or in asynchronous for self-study or revision activities.

An example of a useful board for Math is Math Whiteboard, which provides
students and teachers with specific tools and functions commonly used in Math,
which are difficult to find in other digital boards. More and more teachers are using
those digital and multimedia boards to engage students and actively involve them
to respond and react to given inputs. Combining those activities on shared boards
with oral interaction and explanation of given problems or other Math issues in the
foreign language, can represent a very useful CLIL activity.

The remarks of the CLIL Math teachers interviewed during the pandemic show
the added value of technologies in a CLIL setting, which most of them were already
familiar with:
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“I already used technologies for teaching Math in English before the pandemic,
therefore it was quite easy for me. I found out a large number of digital boards and
tools to facilitate my teaching remotely” (Teacher 1).

“Teaching Math online was not so difficult as I explained everything in
synchronous on Zoom to my students, while writing on the Jamboard” (Teacher 2).

“I used Khan Academy, as there are so many videos on Math in English and it
was easy to assign content and quizzes to my students” (Teacher 3).

The afore-mentioned comments from the teachers showed that their perceptions
about remote Math teaching in CLIL was not so difficult, but technologies were the
key to success.

“The use of webtools and platforms allowed me to engage my students in inter-
esting conversations in English about the different problems to be explained and
solved. We also spoke in Italian when it was too difficult to speak in English, but they
fully understood the topic” (Teacher 2).

The afore-mentioned comment highlights the use of “translanguaging” in a CLIL
environment, which can foster communication and interaction, facilitating deep
understanding and deep learning.

3.5 Remote and Hybrid Mathematics

Math teachers never expected their job to be easy but during the outbreak they were
thrown into a situation for which no one could have prepared and for which there
is no end in sight, which requires an extraordinary effort. According to Ferretti, Del
Zozzo eSanti [34], during the pandemic twodifferent attitudes seem to emerge among
Math teachers forced to remote teaching: one, which is characterized by the longing
for restoration of the traditional didactic conditions, and another, which consists in
embracing the new environment defined by digital technologies, which opens a new
space of action.

However, in the first case, in Italy and abroad, remote learning of Mathematics
was still dominated by a rigid or less interactive learning environment, which
could be seen from how the teachers assigned Mathematics exercises, questions
and instructions, as well as how they responded to student questioning [35].

In other words, teachers tended to adopt teaching strategies that reproduced stan-
dard classroom dynamics, mostly. [36]. “We have moved from theater to televi-
sion”(Teacher 4), meaning that in both cases the students were passive users even if
in the second case a distance transmission using technology was introduced.

On the other hand, thewilling teachers of the secondgrouphave committed naivety
out of inexperience sometimes but they have been able to learn frommistakes in order
to improve and they also discovered threats and opportunities in remote learning of
Mathematics, which have several implications for the return to the classroom.

“The first lesson learned was that presence and distance are infrastructural
methods, not didactic strategies and the debate about which one is more effective is
profoundly sterile”, Teacher 5 stated during the interview. “Classroom lessons are not
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without issues and technology in distance learning can certainly help us by opening
up opportunities, but if we do not reflect well on the critical issues, we will not go
anywhere” (Teacher 6). Teachers must develop awareness of the aspects of learning
on which technologies have a profound impact and make choices consequently.

Obviously, “to be able to realize a learning situation it is necessary first of all
to have an interlocutor, meaning it is necessary to actively involve the students in
the lesson and enable an interactive and therefore participatory and collaborative
learning. But this is the difficult thing in distance learning and it is very different
from the ordinary lessons”. (Teacher 5).

However, with reference to Knowledge, which includes concept and procedures,
traditional blackboard lectures, where the teacher usually demonstrates, lectures, and
asks closed-ended questions, including teacher’s gestures and facial expressions, are
even nowadays still a highly popular means of teaching Mathematics. Normally,
thanks to the physical presence of students in the classroom, the teacher can instan-
taneously fine-tune the evolution of the lecture according to his/her perception of the
level of attention and the facial expressions of the students [37].

None of that can be achieved in distance learning, even though students need to
have the possibility to interact with the teacher and each other, especially in early
grades.

The condition of partial or reduced visibility, the delayed feedback, the slowness
in understanding what students think are elements that play against and slow down
the decision-making processes of the teacher and his ability to regulate the teaching
flow in real time. Yet, as already mentioned in this chapter, among Math teachers
a large use of online shared whiteboards has been observed in order to recreate the
classroom atmosphere of scaffolding. “The use of this tool allows students to solve
algebraic exercises with the teacher’s assistance, in the pen-mode that facilitates the
writing of formulas, before working on them at home on their own” (Teacher 4).

So, “in order to preserve the quality of the traditional backboard lectures in
remote teaching, lessons have to be designed providing several interactive moments,
otherwise the students get lost, disengage and the teachers find themselves in an
empty space speaking to no one” (Teacher 3).

The lesson can take place synchronously, through a video conference system in a
virtual classroom, or asynchronously through a recorded video lesson or by assigning
ready-made materials to students that they will then study on their own. Classroom
lessons are thus transformed into interactive digital lessons on the fundamental topics
of the program with theory references, videos, activities in GeoGebra to explore
geometry in a dynamic way, guided exercises and interactive exercises to be carried
out on the notebook, animations useful to present a Mathematical property or a
geometric figure, activities where a specific topic is reviewed by building interactive
online maps. In addition to the lesson, students must also be involved in exercises,
trying to ensure assistance to each one because no mold fits all. During the school
closure, teaching methods that encourage active engagement, played an important
role in mitigating the negative effect of remote learning. It will be possible to use
interactive environments with video development of exercises and problems that
support the student in the learning path, helping them to solve doubts and making
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them more aware of the solution strategies: game based responses, remote exercises
based on student feedback [38], interactive blackboard mixed with videoconference.

Of course, it is hard for the teacher to provide explanations and targeted practices
that meets students’ needs but in this way, unlike in the pre-recorded video lesson,
students can intervene at any time in the explanation to request clarification on unclear
aspects of the topic and the teacher can be next to each student, personalizing the
intervention and also able to correct errors and misunderstanding in real time.

Making the lesson interactive means making it participatory and collaborative,
having the students in the center of the process, putting effort on maintaining the
open dialogue in the class, the respectful discussion where sharing mathematical
ideas and building common sense of concepts. Mathematics lessons based on the
CLIL methodology are placed precisely on this wavelength.

3.6 Case Examples of Remote CLIL in Math

The CLIL approach has the dual objective of acquiring skills in Mathematics and in
the non-native language through which it is conveyed. Achieving this dual objective
requires the development of an integrated teaching and learning approachwith special
attention to the more general educational process [39].

CLIL is part of those methodologies requiring the student to be a leading actor in
the construction of his/her ownknowledge: learning the disciplinary content becomes
the main objective and the acquisition of greater communication skills in L2 is a
consequence.

It is a fact that teachers accustomed to the CLIL methodology have been facil-
itated in adapting their design to remote teaching, since technologies usually have
an important role in this type of approach. Sometimes it was enough to replace
the usual tools with similar tools that can be used online, often in a cooperative
way, thus allowing to naturally maintain that social dimension of learning previously
mentioned as important.

To clarify this point, we refer to a typical CLIL-style Math lesson plan.
Starting from an initial stimulus, the teacher launches a brainstorming with the

dual purpose of engaging students and recalling their previous knowledge on the
topic, inviting them to write their contributions in the form of a mind map. Then the
teacher submits to the students the reading of a passage in English preceded by a
glossary and followed by questions,without evaluation purposes,which serve to open
the discussion so that students freely express their ideas and, at the same time, develop
their expressive skills in L2. Some questions may be quantitative and include, for
example, the use of a spreadsheet to tabulate data and discover regularity and patterns,
or the use of Geogebra to study the possible transformations of a geometric figure
and thus discover its properties in an exploratory and investigative way. However,
Math is a discipline that makes use of the iconic non-verbal code (graphs, tables,
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maps, pies, figures, etc.) that not only plays as reinforce and integration with respect
to a text / speech, but can also be used as a pedagogical tool for carrying out learning
activities. Finally, the lesson ends with a request to explain in writing what has been
learned and with a test on the contents of the didactic unit performed. As evident,
this lesson can be easily transposed remotely by inviting students to use an online
collaborative mind map during the brainstorming (e.g. Mindmaster), then use shared
spreadsheet (e.g. Google Sheet), Geogebra in online version, Google Doc to write
their own answers individually or collaboratively, if short, or maybe Storyjumper or
Flippingbook for a longer report with amore accurate layout, Kahoot andMentimeter
for quizzes for quick feedback.

“The collaborative aspect of learning online can be enhanced through the common
function of learning environments for splitting students in small groups for short
discussion sessions, after which, the speaker of each group reports the negotiated
answer to the whole class” (Teacher 5).

However, as already mentioned earlier in this chapter, there are several Open
Educational Resources (OER) that teachers may adapt and use in their own contexts,
that are educational materials in digital format, available online, adaptable to the
needs of learners and of the context. A very famous repository of OERs for science
and Math education is accessible on the portal of Scientix,1 a ten-year European
project that promotes and supports a Europe-wide collaboration among STEM
(Science, Technology, Engineering and Math) teachers, education researchers, poli-
cymakers and other STEM education professionals. Another source of inspiration
is the project STEAM-IT2 aimed at the interdisciplinary dimension of teaching and
learning and at the promotion of an integrated approach to knowledge.

Even if the lesson plan example provided earlier in this paragraph, concerns
secondary education, several OERs can be found online even for teaching Mathe-
matics to primary students. Of course, the materials should meet a number of criteria
such as the relevance for primary school students, the ease of integration within the
school curriculum and for the needs of so young pupils.

“Materials must be visually attractive, engaging and motivating and have an
appropriate cognitive load in order to be challenging for students, but not daunting”)
(Teacher 4).

One more example of repository for STEM subjects, including Math, is
CLIL4STEAM,3 an Erasmus project in which the two authors of this chapter are
involved on behalf of Università Telematica degli Studi IUL4: a wide range of video-
clips on different STEM topics have been produced as outputs of the project and are
freely available online for teachers and students.

The videos can be effectively used adopting the well-known K-W-L chart, which
is very common in a CLIL lesson: the chart is aimed at eliciting students to reflect
according to the following questions:

1 http://www.scientix.eu/home.
2 http://steamit.eun.org/.
3 https://clil4steam.pixel-online.org/.
4 https://www.iuline.it/.

http://www.scientix.eu/home
http://steamit.eun.org/
https://clil4steam.pixel-online.org/
https://www.iuline.it/


3 Remote Teaching and Learning Math in English Through CLIL 53

– What I Know?
This step is aimed at eliciting previous knowledge and prerequisites.

– What I Want to know?
This step aims at fostering curiosity for the topic of the lesson.

– What I Learned?
This step usually takes place at the end of the learning pathway and is aimed

at activating reflection and meta-cognition in order to identify what has been
learned and understood and what needs to be further investigated and explored in
the following learning episodes.

Moving toward conclusions, based on what has been discussed so far, it can be
affirmed that the attention to the language typical of a CLIL lesson continues to be
effective also in the distance teaching of Mathematics as well as the development
of communication skills. Finally, active learning, based on projects and/or problems
used in a CLILMath setting can also be implemented in distance or blended learning
if the proper tools are used and if the teacher is able to redesign the tasks to be
assigned to the students.

3.7 A Case Example of Remote CLIL in Math at Primary
School Level

One of themost popular tools used byCLIL teachers for remote and blended teaching
is Padlet, already mentioned in this chapter, which is a webapp allowing teachers
and students to collect digital sticky notes, with texts, pictures, videos etc. Padlet
has become more and more popular during live sessions with the students connected
remotely: it is a shared board, through which everybody can express ideas, opinions,
collectmaterial, research etc. It is a very useful webtool for flipped learning, as videos
or other digital content can be assigned before the live lesson to be held face-to-face
or online remotely. Padlet can also be used as the teacher’s dashboard, wherematerial
and content can be used and easily delivered during the lessons.

The image below is a screenshot from a Padlet realized by a primary school
teacher,5 within a MOOC, a Massive Open Online Course, named Techno-CLIL,
moderated by one of the authors of this paper (Letizia Cinganotto), in cooperation
with Daniela Cuccurullo [40]. As a learning diary of her course, the teacher collected
resources, websites and other material discovered during the training initiative, that
could be useful for her CLIL lessons in Math. In particular, she found out engaging
and interactive websites, such as Interactive Sites for Education,6 covering a wide
range of Math topics for young children, with amusing and engaging activities and
exercises (Fig. 3.2).

5 The teacher is Michela Pinna. The link to the Padlet: https://padlet.com/changeling/twi3lt50xc0g.
6 http://interactivesites.weebly.com/math.html.

https://padlet.com/changeling/twi3lt50xc0g
http://interactivesites.weebly.com/math.html
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Fig. 3.2 Michela Pinna’s padlet

One more example is provided by another learning diary from the same Techno-
CLIL MOOC,7 collecting useful resources for remote CLIL in Math, such as the
diagrambelow, showing the potential of computational thinking in a foreign language
according to CLIL, covering the 4 Cs framework, already mentioned in this chapter
(Fig. 3.3).

Among the resources suggested by the teacher, that could be useful for remote
CLIL in Math, iPractice Math8 can be recommended for practice in Math, according
to the different school grades.Anotherwebtool posted on thePadlet isAlgebraClass,9

a very useful platform offering explanations and exercises for Algebra lessons. The
material can be adapted by the teacher and also printed if necessary. Self-study can
also be enhanced and facilitated through this website.

Teacher 7 had attended the Techno-CLIL MOOC before the pandemic and stated
that it had been a great opportunity to learn more about the use of learning technolo-
gies for CLIL in Math and in the other subjects she teaches: “I already knew a lot
of webtools thanks to Techno-CLIL, so it was easy for me to start teaching online. I
think it was easier for me compared to other colleagues who had to start from zero
with the technologies” (Teacher 7).

The above mentioned comment shows how crucial teacher training may be in the
field of learning technologies for languages and for CLIL.

“My children had a lot of fun with the Math online games and activities in English
I proposed during remote teaching thanks to the use of different platforms, open
resources and webtools” (Teacher 7).

7 The teacher is Maia Porombrica. The link to the Padlet: https://padlet.com/porombricamaia/xb3
tbqg2ayxl.
8 https://www.ipracticemath.com/learn/algebra/algebra-formulae.
9 https://www.algebra-class.com.

https://padlet.com/porombricamaia/xb3tbqg2ayxl
https://www.ipracticemath.com/learn/algebra/algebra-formulae
https://www.algebra-class.com
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Fig. 3.3 Computational thinking in CLIL

Therefore, also primary school children could learn Math through CLIL by
adopting an online game-based approach that is peculiar to early language learners
and that can really engage them with an authentic use of the language for solving
problems, quizzes, games and other interactive activities.

“We often spoke in Italian during the CLIL activities, as it is too difficult for them
to be fully immersed in English especially for Math tasks” (Teacher 7).

Translanguaging is particularly helpful in primary school to facilitate the students’
understanding and deep learning.

3.8 Discussion

The research questions which are the background of this study were the following:

– Which are the opportunities and challenges of the CLIL approach in teaching
Math in hybrid or remote scenarios?

– Can young learners improve both their Mathematical thinking skills and second
language skills through a CLIL approach even in remote/hybrid teaching?

The study aimed and integrating a desk research about the potential of CLIL
in Math through learning technologies, with the description of some engaging and
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interactive online CLIL activities in Math and with comments and remarks from
some teachers who were involved in an online video discussion and interview with
the authors.

As general findings, the study confirmed the challenges and difficulties which
are related to the teaching of Math in L1 and in L2 in the online mode, due to the
subject-specific language of Math and to the pragmatic, prosodic and non-verbal
communication which is so difficult to foster through a screen.

However, the teachers’ comments have confirmed that through the choice of
specific webtools, platforms and shared boards, it is possible to engage students in
meaningful problem-based and project-based learning activities, empowering both
the use of the L1 and the L2 through translanguaging where relevant and necessary.

Therefore, moving to the second research question, the study suggested that
learners, even very young, can reach deep learning in Math and improve their Math
knowledge and thinking skills through a better understanding of the task which can
be easily described and solved. Encouraging verbal communication and explana-
tion of tasks, problems and other Math issues in the L1 and L2 can help develop
the students’ communicative skills, fostering the active role of the learners in the
educational process.

Teacher training in the field of learning technologies for CLIL should be
encouraged and fostered as an important asset in the teacher’s professional profile.

The reflections and considerations from this study are not exhaustive and only
refer to the authors’ perspective, considering the limitations due to the large number
of possible CLIL topics in Math in remote and hybrid teaching and to the limited
number of teachers being interviewed.

3.9 Conclusions

Moving from the main pillars of CLIL, the chapter highlighted the potential of
CLIL in Math in remote and blended learning scenarios, linked to the COVID-19
emergency.

Mentioning the added value of Math in the Knowledge Society, for the develop-
ment of the twenty-first century skills of our students, the chapter tried to highlight
some methodologies and techniques related to the teaching of Math in a foreign
language, namely English, in the remote, hybrid and blended educational scenarios
linked to COVID-19 emergency. Examples of repositories, webtools, digital boards
used by teachers for remote CLIL teaching have been mentioned as a way to
foster students’ engagement, interaction and interactivity interweavingMath content
delivery and language competence development even in the unprecedented times we
are all living during the pandemic. The interviews with a sample of Math teachers
engaged in CLIL activities during the pandemic showed the potential of webtools,
platforms and open resources to teachMath in CLIL remotely. Despite the challenges
due to the pandemic, they were able to deliver Math content in a meaningful way,
through a problem-based or project-based learning approach which could empower
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the structure and the value of a CLIL task. Communication and interaction were also
fostered through the discussion, explanation and negotiation of the task both in the
L1 and in the L2, facilitating deep learning and the development of communicative
skills in a translanguaging mode.

References

1. D. Marsh, P. Mehisto, D. Wolff, R. Aliaga, T. Asikainen, M.J. Frigols-Martín, S. Hughes, G.
Langé, (eds.), CLIL Practice: Perspectives from the Field. (CLIL Cascade Network/University
of Jyväskylä Rovaniemi/Jyväskylä, 2009)

2. L. Cinganotto, CLIL in Italy. Lat. Am. J. Content Lang. Integr. Learn. 9(2), 374–400 (2016)
3. L. Cinganotto, Apprendimento CLIL e interazione in classe. Aracne (2018)
4. Council of Europe, Council Recommendation on a comprehensive approach to the teaching

and learning of languages (2019)
5. S.D. Krashen, The Input Hypothesis: An Update, in Georgetown University Round Table on

Languages and Linguistics 1991. ed. by J.E. Alatis (GeorgetownUniversity Press,Washington,
D.C., 1991), pp. 409–431

6. L.W. Anderson, D.R. Krathwohl (eds.), A Taxonomy for Learning, Teaching, and Assessing: A
Revision of Bloom’s Taxonomy of Educational Objectives (Longman, New York, 2001)

7. D. Coyle, CLIL planning tools for teachers (2005). https://www.unifg.it/sites/default/files/all
egatiparagrafo/20-01-2014/coyle_clil_planningtool_kit.pdf

8. A. Walqui, Scaffolding instruction for english language learners: a conceptual framework. Int.
J. Biling. Educ. Biling. 9(2), 159–180 (2006)

9. J. Hattie, Visible Learning for Teachers: Maximizing Impact on Learning (Routledge, London,
2012)

10. J. Hattie, Visible Learning: A Synthesis of Over 800 Meta-analyses Relating to Achievement
(Routledge, Oxon, 2009)

11. O. García, L. Wei, Translanguaging: Language, Bilingualism and Education (Palgrave
Macmillan, New York, 2014)

12. D. Coyle, O. Meyer, Beyond CLIL. Pluriliteracies Teaching for Deeper Learning (Cambridge
University Press, 2021)

13. L. Cinganotto, Pluriliteracies and LOCIT for CLIL, in Conference Proceedings, 12th
International Conference Innovation in Language Learning (2019)

14. J. Šulistová, The content and language integrated learning approach in use. Acta Technol.
Dubnicae 3(2), 2013 (2015). De Gruiter open. https://doi.org/10.1515/atd-2015

15. F. Favilli, L. Maffei, R.J. Peroni, Teaching and learning mathematics in a non-native language:
introduction of the CLIL methodology in Italy. US-China Educ. Rev. A (2013). ISSN 2161-
623X

16. D. Pimm,M. Keynes, Mathematics classroom language: form, function and force, in Didactics
of Mathematics as a Scientific Discipline (Kluwer, 1994)

17. P.Mehisto,Y.L.T. Ting,CLILEssentials for SecondarySchoolTeachers (CambridgeUniversity
Press, 2017)

18. C.M. Coonan, La metodologia task-based e CLIL, in Il futuro si chiama CLIL: una ricerca
interregionale sull’insegnamento veicolare, ed. by F. Ricci Garotti (IPRASE del Trentino,
Trento, 2006)

19. V. Orozco, M. Tatiana, Mathematics through clil: a comprehensive literature review and a
didactic proposal to introduce clil in an ecuadorian monolingual school. Master’s Dissertation
Universidad de Jaén Universidad de Córdoba (2020)

https://www.unifg.it/sites/default/files/allegatiparagrafo/20-01-2014/coyle_clil_planningtool_kit.pdf
https://doi.org/10.1515/atd-2015


58 M. Guida and L. Cinganotto

20. T.P. Carpenter, J.M. Moser, The acquisition of addition and subtraction concepts in grades one
through three. J. Res. Math. Educ. 15, 179–202 (1984). https://doi.org/10.5951/jresematheduc.
15.3.0179

21. L. Verschaffel, B. Greer, E. De Corte, Making Sense of Word Problems (Swets & Zeitlinger,
Lisse, 2000)

22. V. Bermejo, P. Ester, I. Morales, A constructivist intervention program for the improvement
of mathematical performance based on empiric developmental results (PEIM). Front. Psychol.
11, 582805 (2021). https://doi.org/10.3389/fpsyg.2020.582805

23. A. Bonnet, Chemie im bilingualen Unterricht–Kompetenzerwerb durch Interaktion. Opladen:
Leske und Budrich (2004)

24. G. Anthony, M. Walshaw, Characteristics of effective teaching of mathematics: a view from
the west. J. Math. Educ. 2(2), 147–164 (2009). December 2009

25. K. François, J.P. Van Bendegem (eds.), Philosophical Dimensions in Mathematics Education
(Springer, New York, 2007)

26. M. Guida, Professional development of mathematics teachers in the age of I4.0-Can math-
ematics education contribute to build a better world?, in Developing Mathematical Literacy
in the Context of the Fourth Industrial Revolution IGI-Global, ed. by E.O. Cardoso Espinosa
(2021)

27. M. Guida, Rendere visibili il pensiero degli studenti ed il loro apprendimento in matematica
[Making student’s learning visible], in La didattica della matematica, strumento concreto in
aula, ed. by B. D’Amore, S. Sbaragli. Atti del XXXII Convegno Nazionale Incontri con la
matematica Castel San Pietro (Bo) (2018), pp. 16–18 XI 2018. ISBN: 88-371-2100-6.

28. K. Beswick, R. Callingham, T.Muir, Teachingmathematics in a project-based learning context:
initial teacher knowledge and perceived needs, in Mathematics education: Expanding horizons
(Proceedings of the 35th annual conference of the Mathematics Education Research Group of
Australasia), ed. by J. Dindyal, L.P. Cheng, S.F. Ng (MERGA, Singapore, 2012).

29. A. Lotti, Problem-Based Learning. Apprendere per problemi a scuola: guida al PBL per
l’insegnante (Franco Angeli, 2018)

30. H. Vollmer, Content and language integrated learnig CLIL: a special case of language across
curriculum (LAC), in Bongartz Fremdsprachendidaktik inhalts- und lernerorientiert, vol. 18.
(Peter Lang AG, Frankfurt, 2010), págs. 27–47

31. C. Dalton-Puffer, Discourse in content and language integrated learning (CLIL) classrooms
(John Benjamins, Amsterdam, 2007). ISBN 978-9-02721-981-7

32. European Commission, Improving the effectiveness of language learning: CLIL and Computer
Assisted Language Learning (2014)

33. L. Cinganotto, Lessons Learnt from Remote CLIL and Online Interaction during COVID-19
Emergency-Conference Proceedings–13th International Conference Innovation in Language
Learning–Virtual Edition PIXEL 2020 (2020)

34. F. Ferretti, A. Del Zozzo, G. Santi, La didattica della matematica a distanza ai tempi del Covid-
19 e la sua interazione con l’identità docente. [Remote teaching of mathematics at the time of
Covid-19 and its interaction with the teacher identity]. Annali online della Didattica e della
Formazione Docente, vol 12, N° 20 (2020). https://doi.org/10.15160/2038-1034/2290

35. INDIRE-Istituto Nazionale di Documentazione, Innovazione e Ricerca Educativa [National
Institute for Educational Documentation, Innovation and Educational Research] (2020)
Pratiche didattiche durante il lockdown. Report 2 [Teaching Practices During Lockdown.
Report 2]. Table 11, p. 19

36. C. Giovannella, M. Passarelli, D. Persico, Measuring the effect of the Covid-19 pandemic on
the Italian learning ecosystems at the steady state: a School Teachers’ Perspective (2020)

37. S. Busto, M. Dumbser E. Gaburro, A simple but efficient concept of blended teaching of
mathematics for engineering students during the COVID-19 pandemic (2021). https://arxiv.
org/pdf/2010.14247.pdf

https://doi.org/10.5951/jresematheduc.15.3.0179
https://doi.org/10.3389/fpsyg.2020.582805
https://doi.org/10.15160/2038-1034/2290
https://arxiv.org/pdf/2010.14247.pdf


3 Remote Teaching and Learning Math in English Through CLIL 59

38. M.Ranieri, J.E. Raffaghelli, I. Bruni, Game-based student response system: revisiting its poten-
tials and criticalities in large-size classes. Active Learn. Higher Educ. (2018). https://doi.org/
10.1177/1469787418812667

39. D. Marsh, Language awareness and CLIL, in: Encyclopedia of Language and Education, ed.
by N.H. Hornberger. (Springer, Boston, MA, 2008). https://doi.org/10.1007/978-0-387-30424-
3_152

40. L. Cinganotto, D. Cuccurullo, Techno-CLIL, Fare CLIL in digitale, I Quaderni della Ricerca
n. 42, Loescher (2019)

https://doi.org/10.1177/1469787418812667
https://doi.org/10.1007/978-0-387-30424-3_152


Chapter 4
The Potential of Artificial Intelligence
for Assistive Technology in Education

Katerina Zdravkova

Abstract The right to education is a fundamental human right and an indispensable
prerequisite for the development of humanbeings. To becomewell-rounded and inde-
pendent from others, people with various disabilities should have an equal access to
quality education.Assistive technologies support personswith different disabilities to
keep and improve their functioning, which reinforces inclusive education. Artificial
intelligence is their driving force, empowering a plethora ofAI supported educational
tools intended for people with special needs and elderly people, encompassing the
tools for visual, hearing, communication, intellectual, cognitive and motor impair-
ment. This paper also introduces the futuristic assistive technologies, in line with the
prospective ethical challenges of AI supported educational tools.

Keywords Assistive technologies · Social inclusion · Visual impairment · Hearing
impairment · Intellectual impairment · Cognitive impairment · Communication
impairment ·Motor impairment · Futuristic assistive technologies

4.1 Introduction

Artificial intelligence (AI) is becoming the most powerful and beneficial technology,
positively impacting various daily activities [1]. It has significantly improvedmedical
diagnostics, media and e-commerce, the service sector, transportation, education,
and environment [2]. Natural language processing has enhanced and upgraded text
and speech processing, morphological and syntactic analysis, and in recent years it
contributed to lexical, relational and discourse semantics [3]. Although the quality
of computational linguistics applications is still inferior to human achievements, the
quality gap has considerably narrowed, making these applications very useful for
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practical use, particularly the machine translation and question answering. By estab-
lishing software robotics,which is usually synonymizedwith robotic process automa-
tion (RPA), AI supports the automation of digital and physical tasks, enables cogni-
tive insights by detecting patterns within massive databases, and encourages cogni-
tive engagement [4]. Accordingly, RPA is augmenting human capacities, amplifying
effectiveness and improving quality of life.

By creating AI-based vision, cognitive, hearing and sign to text aids, AI has
considerably powered accessible and assistive technologies [5], enabling people with
various disabilities to reduce their psycho-physical barriers and inequality [6], and
to encourage and support their social inclusion [7]. Education has significantly bene-
fited from assistive technologies, reshaping the learning and teaching perspectives
of millions and enabling the unhindered access to the wealth of knowledge [8]. It is
part of the AI for social good (AI4SG) movement, which is a global trend aiming to
improve the well-being of the world by implementing AI solutions [9]. It is unde-
niable that AI can have a great impact on education because it can easily detect
students who might fall below grade level, determine the exact interventions neces-
sary to support graduation on time and last, but not the least, AI can facilitate access
to information to children with disabilities [10].

AI promotes personalization, ensuring inclusive education for all and better
learning outcomes [11]. UNESCO working papers on education policies predict
that the future with AI will be beneficial for the sustainable development of educa-
tion, particularly if the six challenges, including the comprehensive public policy;
teachers’ preparation; ethical considerations aswell as the increased research are seri-
ously taken into account [11]. Particularly important is to ensure inclusive education
and equity, making AI for education a core value [12]. According to the International
Telecommunication Union (ITU), a specialized agency responsible for information
and communication technologies (ICT) by the United Nations, ICT accessibility
should become the main priority for persons with disabilities [12]. Since 2014, when
the above-mentioned assertion was published, ITU has concluded that namely the AI
is the science that “has the potential to support and enhance the accessibility of ICTs”
[13]. Illustrating that the current intersection between accessible ICT, assistive tech-
nology and AI is small, ITU concludes that “AI use in the field of ICT accessibility
is still in its infancy” [13].

Pandemic conditions and the necessity to replace in-class learning and teaching
with digital accessibility made the accessible and assistive technologies more neces-
sary than ever [14].Many initiativeswere immediately put into action, such asDigital
Education Action Plan [15], iTutor in USA (https://itutor.com/), which is one of the
many successful intelligent tutoring systems [16], andGet SkilledAccess inAustralia
[17]. So far, there is no official report evaluating their accomplishments. Thus, it is
crucial to know how to reach the available assistive tools and how to achieve a greater
accessibility for everyone who needs it.

This paper presents a plethora of AI supported educational tools proposed for
people with special needs. The main motivation to start such a comprehensive review
was the author’s long-term experience with assistive technologies [18], which among
other educational systems includes the avatar visualization of Macedonian sign

https://itutor.com/
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language intended for people with communication intelligibility [19]. The appre-
ciation of the exceptional effects of AI-powered inclusive educational tools was
recently intensified by the fact that they transformed the life of the girl with cerebral
palsy [18]. Little V, now in her mid-twenties, managed to overcome most of her
educational barriers caused by cerebral palsy and she is a very successful student
of graphical design who competently uses an adapted keyboard and mouse to make
fascinating drawings.

The systematic review presented in this paper intends to make a summary of the
current research confirming that AI can have a great potential for assistive technology
of education. It predominantly covers papers and reports published after 2015.

All the AI-supported tools presented in the paper were first selected implementing
qualitative and quantitative ranking of papers selected from WoS master journal list
and core collection. There were several qualitative criteria defined by the author: type
and diversity of embedded AI agents, operating systems portability, multilingualism,
and price. Presence of several AI-enhanced accessibility options, possibility to acti-
vate them from different devices, availability in the native language of the students,
and the price, increase the availability of technological tools for users with disabili-
ties. The second part of searchmethodologywas quantitative ranking. It organizes the
clusters of similar tools according to their number of users and the approval rate given
by the users, whenever this information was provided. For each disability, five tools
were taken into consideration for further analysis. Due to their massive usage and
their impact on inclusive education, the amount of tools for visual impairment was
doubled. The review starts with the text-to-speech, magnifying and tactile software
for learners with visual impairment; speech-to-text and word prediction systems for
learners with speech or communication disabilities; text-to-sign language converters,
assistive listening devices and mobile applications for learners with hearing impair-
ments; word recognition, math, spelling and social skills applications for people
with intellectual disabilities; and cognitive orthotics and assistive technology for
augmenting learning, cognition and development. It further presents the AI assisted
mobility impairment. The last part of the paper embraces the futuristic assistive tech-
nologies and neural implants, which synchronize AI with human brain. The paper
concludes with the contribution of AI for education, tackling the prospective ethical
challenges of AI supported educational tools.

4.2 Learners with Visual Impairment

According to theWorld Health Organization, blindness and visual impairment affect
at least 2.2 billion, or approximately 28% of world population [20], out of which
almost 50 million are blind [21]. Reduced or absent eyesight disturbs all aspects of
life, causing disabled communication, social isolation, depression, cognitive decline
and even an increased risk of premature death of elderly people, who lose their
independence.
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In the last several decades, many assistive technologies for the visually impaired
and blind people have been developed, enabling people to “overcome various phys-
ical, social, infrastructural and accessibility barriers” and facilitating them to “live
active, productive and independent lives” [22].Computer accessibility settings,modi-
fied keyboards, electronic books, talking calculators, image descriptors, visual local-
ization systems, screen magnifiers, screen readers, voice assistants, tactile dots and
text toBraille translators are nowadays used to support education of visually impaired
or blind students. The following paragraphs introduce the most popular educational
tools and their connection with the AI.

The most frequently used desktop operating systems: Windows, macOS and
Linux, and mobile operating systems: Android and iOS have built-in accessibility
features intended for blind and low-vision users, such as screen readers of text-
to-speech (TTS) synthesizers, high-contrast themes and enlarged cursors. All Web
browsers offer accessibility features for zooming the displayed screen content.

Modified keyboards for visually impaired persons range from keyboards with
larger letters or large print stickers to tactile Braille keyboards [23]. Electronic books
are special text collections of books, magazines, and newspapers formatted to be
accessible to persons with visual impairments and blindness [24]. None of these
technologies is AI supported, but their educational impact is significant, particu-
larly because they are available to all the students for free. For example, Talking
Books (rnib.org.uk/talking-books-service) gives free access to 32,000 books for
adults and children, while Project Guttenberg (gutenberg.org/) has a collection of
60,000 books. Many countries have similar initiatives, creating collections of audio
books, for example: in Serbian (knjigaprica.com/), Russian (akniga.org/) and Mace-
donian language (samoglas.mk/). To create these collections, many voice actors were
engaged to read the books. Good quality TTS readers can efficiently replace them.
TTS engines already power talking calculators, which have a built-in speech reader
responsible to read the pressed keys and the result of the performed arithmetic opera-
tion [25]. Many of them are supplemented with voice-controlled interfaces, enabling
a calculation of spoken operations and equations [26].

Image descriptors are written captions, which provide the essential informa-
tion about photos, graphics, gifs, and video. Automatic image captioning combines
computer vision and deep learning techniques to create the captions and converts
them into a speech by implementing natural language processing (NLP) procedures
[27].

Visual localization systems replace the conventional assistive tools, enabling easy
navigation and supporting the awareness “of ambient environments and prevents
them from coming across potential hazards” [28]. To perform this task, these systems,
for example GoogLeNet, employ the deep convolutional neural networks [29].

Screen magnifiers enlarge the screen display, supporting the low-vision users.
Most of the modern desktop magnifiers, such as: DaVinci Pro HD OCR, Onyx OCR
24, Merlin Elite Pro–Full HD Desktop and TOPAZ OCR Desktop Video Magnifier
are enhanced with high definition cameras, optical character readers (OCR) and TTS
readers [30].
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Textmagnifier and reader ZoomText (zoomtext.com/) is poweredwith theworld’s
leading screen reader, JAWS for Windows, making the Fusion (freedomscien-
tific.com/products/software/fusion/), a “screen magnification and visual enhance-
ments for screen viewing ease”. From the beginning of March until June 30 2020,
free licenses were offered to facilitate the blind students study at home.

Voice assistants, such as: Amazon Alexa, Google Assistant, Apple Siri, Microsoft
Cortana and Samsung Bixbi incorporate voice recognition, speech synthesis, and
many NLP techniques, making them one of the most successful AI-complete appli-
cations. They can also have a great potential in education [31]. Unfortunately, due
to the various privacy concerns and vulnerability of the channels by which personal
data can be accessed [32], they might be counterproductive for the students with
disabilities, particularly those who are not IT savvy.

For the deaf-blind students, who are estimated to be around 10,000 only in the
United States [33], tactile assistive technologies seem to be the best accessibility
solutions for everyday activities and education. They range from tactile dots, via
haptic interfaces to text-to-Braille translators.

Tactile dots or bumps enable easier orientation at home or in the office achieved by
marking computer keyboards, phone keypads, remote controls and home appliances
with peel-and-stick bumpers (braillebookstore.com/Bump-Dots.1).

Haptic interfaces are tactile devices, which enable getting a sense of touch “by
applying forces, vibrations, or motions to the user” [34]. Haptics has already been
used to support the teaching of physics, chemistry and biology, providing alternative
educational settings where students can manipulate and experience physical prop-
erties of objects, or molecular and microscopic structures thus allowing a richer
understanding of concepts [35]. So far, there have been very few attempts to use
haptic perception as an educational assistive technology [36], but haptics has the
ability of full inclusion of blind students making it very promising for the future
education of all students.

For the students who are familiar with the Braille alphabet, a variety of electronic
devices, which embrace Braille note takers, writers and displays have been created
[30]. Some of them enable bidirectional translation, from text to Braille and from
Braille to text, enhancing writing and reading skills of blind students, without the
need of a Braille teacher [37]. These technologies perform the OCR implementing
various machine learning (ML) practices [38].

Table 4.1 on the following page presents 10 very popular AI supported educa-
tional tools for vision impaired students. They all contain a text-to-speech synthe-
sizer, usually leveraging neural network techniques to deliver a human-like voice.
NVDA and JAWS, which are the most frequently used screen readers have addi-
tional languages apart from the default English. NVDA is powered with Acapela
TTS voices, supporting 28 languages and implementing 90 quality voices (acapela-
group.com/solutions/acapela-tts-voice-for-nvda/). Screen magnifiers are not AI
driven tools, but document readers, which are a complementary part of ZoomText
Fusion and Select-to-Speak implement OCR of written or printed documents, mainly
powered by neural networks (NN) [39]. The newest versions of JAWS, Zoom-
Text, and Fusion interact with the users via their Voice Assistant, which supports
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English, German, Dutch, Spanish and French (blog.freedomscientific.com/whats-
new-in-jaws-zoomtext-and-fusion-2021/).

Half of the presented assistive technologies are free, making them very popular.
For example, NVDA is currently used by more than 70,000 vision impaired students
worldwide. It announces controls and text while interacting with gestures on touch
screens. Most of the commercial products are offered for an affordable price for
home or student use. Unfortunately, corporate versions are too expensive, disabling
their massive use. Still, the major challenge of all the solutions is the limited amount
of languages and the availability for one operating system.

4.3 Learners with Hearing Impairments

According to the World Health Organization, more than 450 million people have
hearing loss, 34million of them are children [40]. Apart from congenital and acquired
causes, including genetic problems, infectious diseases, ear infections, excessive
noise, and ageing, more than 1 billion young people “are at risk of hearing loss due
to exposure to noise in recreational settings” [40]. Hearing loss and deafness have:
a functional impact affecting the ability to communicate and become academically
successful; social and emotional impact, due to exclusion from communication; and
economic impact, because the unemployment rates for people with hearing loss are
high.

According to the US National Institute of Deafness and other Communication
Disorders [41], to help people with hearing disabilities, three types of assistive
technologies can be implemented: alerting devices, assistive listening devices, and
augmentative and alternative communication devices.

Alerting devices emit a loud sound or blinking light to inform the person with
hearing loss about some event. They typically include clocks, wake up alarms, visual
alert monitors, remote receivers, and vibrating pagers [42]. AI contribution in these
devices, if it exists in any way, is negligible and therefore, they will not be further
explored.

Amplificationof sounds ismadewith the assistive listeningdevices (ALD),mainly
hearing aids or cochlear implants. They include: hearing or induction loops systems,
which amplify the sound within a public area and is received by the hearing aids
and cochlear implants; FM or infrared systems, which transmit amplified sounds
in classrooms; and personal amplifiers, which increase sound levels and reduce
background noise [43]. ML technologies are implemented to optimize speech and
signal processing, and to measure or support the evoked potential, prediction of
postoperative performance and surgical anatomy [44].

Augmentative and alternative communication (AAC) devices incorporate various
communication methods, which supplement or replace speech or writing [45]. They
range from picture boards and touch screens presenting symbols or items the person
frequently uses; devices projected to communicate words; and speech generating
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devices [46]. In recent years, brain-computer interfaces for AAC communication
have been invented [47]. They will be explained in more detail in Sect. 1.8.

AACdevices can be unaided and aided [48]. UnaidedAAC are software solutions,
which use facial expression, vocalizations, gestures, and sign language and systems
to replace the spoken language [49]. The generation of visual alternatives, typically
implementing 3D avatar technology, relies on word tokenization, which embeds
several ML and NLP tools, including semantics [50]. For sign language recognition,
supervised support vector machine learning models are used [51].

Aided AAC are devices used to transmit or receive messages, incorporating
processes for augmenting, complementing or replacing speech [52]. They are divided
into no-tech, low-tech and high-tech [52]. The first two categories have been
used for decades, and they embrace facial expressions, voluntary motor move-
ments and communication boards or books. High-tech AAC are AI supported, typi-
cally implementing machine learning and deep learning. Special education teachers
emphatically endorse high-tech AAC tools, suggesting that AAC can “improve the
experiences of teacher and student users” [53].

Table 4.2, presented on the following page, offer an overview of five of the most
frequently used AAC applications and devices, which can be used at school enabling
a better communication of hearing impaired students.

TapSOS (tapsos.com/) is a non-verbal application associatedwithBritish Telecom
since 1993, enabling “UK citizens who are deaf, hard of hearing, have speech prob-
lems, or are in difficult situations” to access the emergency services by simply
tapping over the icon of a required service, indicating the location and providing

Table 4.2 AI supported educational tools for hearing impaired students

Assistive tool URL to access the tool Features AI agents Price

Roger voice rogervoice.com/en/ Calling and
receiving
phone calls

STT TTS $5.99
per
month

Ava ava.me/ Lip-reading Visual
speech
recognition

$14.95
per
month

Live
transcription

Signly signly.co/ British sign
language
translation

Pattern
matching
TTS

Free

VoxSci voxsci.com/ British sign
language
translation

STT ₤5 per
month

Logan
ProxTalkerMid-Tech
AAC device

logantech.com/products/proxtalker Sound
tagger

Pattern
matching
NLP

$3149

Picture
system

RFID
technology
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more detailed information about the accident by tapping the additional icons. It
is neither AI supported, nor intended for schools, but is one of the most valuable
lifesaving applications, and deserves to be mentioned.

Rogervoice is an application that produces live transcriptions during phone calls.
The transcriptions from text to speech (TTS) are available for more than 100 different
languages. The application was currently used to facilitate more than 1,500,000
phone calls worldwide. Very similar application intended for mobile phones is Live
Transcribe (android.com/accessibility/live-transcribe/). It includes 70 languages and
dialects, which are transcribed using Google’s speech recognition technology as they
are spoken.

Ava (acronym for Audio-Visual Accessibility) is a mobile application capable
of lip movement recognition, which presents live transcriptions. To perform the lip
reading, Ava implements several AI techniques belonging to visual speech recogni-
tion, including speech recognition, speaker recognition and mining of multimedia
content. Ava has a special program for schools, including online classes. According
to Ava team, more than 150,000 people and many institutions use it.

Signly is a browser extension for Google Chrome and Microsoft Edge, which
displays a sign language translation of Lloyds Bank and Network Rail website. It
currently has no educational purposes, but the same approach might be incorporated
into many educational sites to display sign language descriptions of the lectures.

Available on both, AppStore and Google Play, VoxSci transcribes voice messages
into text messages, which are delivered to hard of hearing and deaf as SMS to mobile
phones, or as e-mail to e-mail addresses. For a monthly price of 5 British pounds,
they provide translation of 30 voicemail texts, making it slightly inconvenient for
educational purposes.

The Logan ProxTalker has 80 prerecorded sound tags, which are placed over 5
location buttons. After being pushed, they generate a voice output. This AAC device
has additional large tags for the students with visual impairment, and it is wheelchair
mountable.

This section presented a range of tools and devices for hearing impaired students.
They are accessible to many young students, mainly by offering a written transcrip-
tion of spoken language. Surprisingly, very few applications are intended to use the
3D avatar sign language representation.

Interpretation of sign language gestures of US English has been patented in 2011
[54]. By that time, very few applications enabling sign language interpretation have
been created [55]. They will significantly improve communication of deaf students
with their teachers who are not skilled in sign languages. These tools are predomi-
nantly machine learning [56] and NLP based [57], showing the potential of artificial
intelligence to support education of hearing impaired students. So far, there is a
shortage of competent sign language interpreters, and in spite of the exceptional
intellectual skills of some deaf students, many of them are not able to continue their
education mainly due to communication barriers. An additional problem is the fact
that only 17% of deaf or hard of hearing people use any hearing aid [40]. By creating
new and affordable AI based technologies, the situation will undeniably improve.
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4.4 Learners with Speech or Communication Disabilities

Speech disorders, sometimes called speech impediments embrace “difficulties with
forming specific words or sounds, as well as difficulties with making words of
sentences flow smoothly, like stuttering or stammering” [58]. They can be combined
with language disorders, like aphasia, which is a difficulty of speaking parts of
language and auditory processing disorder, i.e. a difficulty to understand themeaning
of the sounds [58]. Additionally, many students have communication problems
of different origins [59]. Speech-to-text and word prediction systems are the first
solutions intended for learners with speech or communication disabilities. Recent
survey of text-to-speech software suggests the commercial text-to-speech applica-
tions: Dragon Anywhere, Dragon Professional, Otter, Verbit, Speechmatics, Braina
Pro, Amazon Transcribe, Microsoft Azure Speech to Text, and Watson Speech to
Text, and the free solutions: Google Gboard, Just Press Record, Speechnotes, Tran-
scribe and Windows 10 Speech recognition [60]. Their capabilities are fascinating,
in some cases reaching an accuracy of 99.9% when the audio is clear. According to
provided information, Speechmatics and IBM Watson Speech to Text use machine
learning to correct those errors that were flagged up by their users, to prevent their
repetition.

Word prediction systems detect the sequence of typed characters and suggest the
prospective words in a prediction list. They are built into word processors [61].
Very popular are two mobile word prediction applications: Co:Writer Universal
(cowriter.com/) and Dyslexia Keyboard (ghotit.com/).

For many researchers, the best solution to help children overcome their commu-
nication problems are the augmentative and alternative communication (AAC)
tools [59]. The Logan ProxTalker has already been introduced in Sect. 1.3. Assis-
tiveWare (assistiveware.com) suggest three mutually compatible AAC products:
Proloquo4Text. Proloquo2Go and simPODD. They support non-verbal expression of
children with various communication problems and speak the created words, phrases
and sentences using human-like voices.

Proloquo4Text is a TTS supporting easy expression, implementing word and
sentence prediction. It is multilingual and includes the following 9 languages:
English, Danish, Dutch, French, German, Italian, Norwegian, Spanish, and Swedish.
For a price of e129.99, it can be used on iPhone, iPod and Apple Watch users.

Proloquo2Go is a symbol-based application, which has an incorporated word
vocabulary of more than 10,000 words developing full grammatical sentences. It
presents a set of the so called core words, the words that are the most frequently used
to make up 80% of what people say. Proloquo2Go is easy customizable, offering the
creation of own buttons from existing 25,000 symbols, which can be extended with
own photos. Similarly to Proloquo4Text, it is available for the same Apple’s devices
for English, Spanish, French, and Dutch for e279.99. Together with Proloquo4Text
and Pictello and Keedogo (Plus), an application for reading, writing and typing using
a simplified keyboard layout, theymake theAACEssentials Bundle for a unique price
of e329.99.
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PODD is an acronym for Pragmatic Organisation Dynamic Display, a “huge book
of laminated pages and complex symbols”. PODD is suitable for users who cannot
speak. They can combine the symbols to explain the message they are not able to
pronounce. simPODD is usually combined with Prologui2Go, extending the basic
symbols with the large list of own symbols. For an annual price of e149.99, it is
available from App Store.

Speech and communication disabilities affect comprehension, and production of
oral and written language. They are frequent, affecting from 7.7% of young children
in US [62] to 10% in UK [63]. Speech and language therapies are the most common
methods to prevent, assess and treat these communication problems. Language ther-
apists, known as logopedists are the specialists who employ these methods to assist
the disabled children in their communication. It is projected that their employment
will grow 25% in the following 10 years [64]. Speech-to-text and word prediction
systems are a beneficial alternative of logopedists for those students whose defi-
ciency is connected with hearing disorders, voice and speech problems. For the
students with some additional problems, for example, autism, developmental and
learning disabilities, AAC can facilitate communication. Unfortunately, all the avail-
able AAC systems on themarket at the moment are rather expensive and created for a
limited amount of languages, making them helpful for the privileged students, whose
schools and parents can afford using them as a complementary communication tool.

4.5 Learners with Intellectual Disabilities

Intellectual disability is a neurodevelopmental disorder, demonstrated by limitations
in cognitive functioning and adaptive behavior [65]. It affects communication, social
and self-care skills. According to some sources, approximately 200 million people
have an intellectual disability, which is significantlymore frequent in the low-income
countries [66]. Unfortunately, intellectual disability is not curable, for that reason,
the treatment should be directed towards normalization of behavior and gaining
emotional well-being of the people with limited intellectual abilities [67].

To “protect and ensure the full and equal enjoyment of all human rights and funda-
mental freedoms by all persons with disabilities, and to promote respect for their
inherent dignity”, UNESCO has adopted the Convention on the Rights of Persons
withDisabilities [68].Among the 50 articles of the convention, the two crucial for this
paper are accessibility and education. In the recent years, many assistive technologies
have been created but very few are intended for the intellectually disabled students
[69]. Several computer and electronic devices for children with learning disabili-
ties, such as: alternative keyboards, audio books, electronic math sheets, graphic
organizers, speech readers, spell checkers and word-prediction applications can be
beneficial for children with mild intellectual disability. However, much more has to
be done to reduce their eternal struggling with the attention, learning and completing
of educational tasks.
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Table 4.3 AI supported educational tools for intellectually disabled students

Assistive
tool

URL to access the tool Features AI
agents

Price

Co:Writer
universal

cowriter.com Word prediction STT
TTS

$4.99 per
monthTopic

dictionaries

Ginger gingersoftware.com/solutions/ld_professionals Spelling check NLP Free

Grammar check

Inspiration
10

inspiration-at.com/inspiration-10 Mind-mapping TTS ₤58 or
e67
without
VAT

Concept
mapping

Lingraphica
AAC

aphasia.com/ Communication
AAC tool

TTS Covered
by
Medicare
Medicaid

Beamz
interactive
music
system

thebeamz.com/ Interactive
music making

Eye
tracking

From
$370 to
$530

Major goal of assistive technologies for intellectually impaired is to improve their
information access. To achieve this goal, AI based solutions have been developed,
each enhancing or supporting a different aspect of student’s academic and home life.
They are presented in Table 4.3.

Co:WritedUniversal was alreadymentioned in Sect. 1.4 as one of the best systems
for word prediction. It also enables spelling correction, reading of the text while it
is typed, opportunity to dictate the text, as well as dictionaries which suggest the
corresponding vocabulary related to the topic a student is working on.

Ginger supports students with learning disabilities to easily write error-free texts
offering clues how to carry on with the sentence, based on the context of the already
written words. Within its premium edition, TTS feature reads the words together
with a brief explanation of its meaning and a list of alternatives. Audio assistance is
available in UK and US English.

Inspiration 10 is one of the most popular mind-mapping applications. Improved
withUKandUS spelling, this application enables students to createmind and concept
maps and to organize graphic organizers, outlines and presentations. Moreover, it
enables adding notes to symbols, text-to-speech and spell checking. Mind-mapping
software will be explained in more details in Sect. 1.6.

Lingragrafica is an AAC application intended for people who survived a stroke or
brain injury. It is a speech generating device, based on a system of icons that feature
pictures, text and verbal output. They can also be a valuable tool for children with
developmental or intellectual disabilities, which have trouble to communicate.
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Beamz Interactive Music System is a versatile device accessible to students of all
learning and physical abilities. It is intended for home use, for therapy and rehabili-
tation and for schools. Beamz is powered by Tobii EyeGaze (tobiidynavox.com/), an
eye tracking technology that allows interaction, navigation and control of the devices
by eye movement. Beamz is not an educational tool, but it has a very nice emotional
impact for the intellectually disabled.

For centuries, people with intellectual disabilities were totally excluded from
any education. Inclusive education has contributed to their active involvement and
engagement enhancing their well-being. New assistive technologies are steadily
improving their community living, improving their abilities to communicate and
express the needs in a completely new way. Artificial intelligence is the core of
most assistive technologies intended for these vulnerable and generous people who
deserve a better and more dignified life.

4.6 Learners with Cognitive Disabilities

In the past, cognitive disabilities were equated with intellectual disabilities [70, 71].
Recent studies recommend to consider aphasia, autism spectrum, attention deficit,
dyslexia, dyscalculia, intellectual and memory loss as a separate disability type,
particularly because they do not necessarily affect general intellectual skills [72].

Cognitive disorders encompass problems with attention, processing speed, short-
time and long-term memory, logic and reasoning, language processing, as well as
math processing [73]. According to this detailed review “attention, processing speed,
and short-termmemory are part of automatic processing”, while “long-termmemory,
logic and reasoning, language processing and math processing are part of higher
thinking”. As a result, cognition impaired have a diminished independence, which
affects their daily activities, entertainment and social activities, and engaging inwork.

Assistive devices intended for students with cognitive impairments are known as
cognitive assistants [74]. These are interactive AI systems intended to improve the
daily activities and education of the users “by augmenting their cognitive abilities or
complementing a cognitive impairment” [74], thus they are a part of the cognitive
orthotics [75]. Cognitive orthotics assistants are ubiquitous and pervasive platforms
and services, aimed to support learning,memory, keeping records,makingdocuments
and organizing the thoughts [76].

All the above mentioned cognitive features are part of the mind-mapping or
concept-mapping applications, software tools that enable the creation of visual
diagrams, which can further be exported into documents, spreadsheets or presen-
tations [77]. Many universities worldwide, particularly in the UK, have uploaded
mind-mapping software together withmagnification and screen-reading applications
on all computers on campus.

Mind-mapping, concept-mapping and argument-mapping software packages are
valuable mapping tools, which “enable the visual display of information, concepts
and relations between ideas” [77]. They stimulate creative thinking of students and
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Table 4.4 Mind-mapping applications for cognitive impaired students

Mid-mapping
tool

URL to access the tool Features AI
agents

Price

XMind 2020
Mobile

xmind.net Brainstorming Spell
checking
ML

$39.99
per
6 month

Planning

Problem
solving

XMind 8 Pro xmind.net Brainstorming Spell
checking
ML

$59 for
teachers
/
students

Planning

Problem
solving

MindView
AT

matchware.com/assistive-technology-software Visual
planning

STT
TTS

$15–$20
per
monthScreen reader

Mindomo mindomo.com Project
planning

Spell
checking
screen
reading
STT

e3 for
students
e5 for
teachers
per
month

Learning
skills

Thinking
skills

Popplet popplet.com Drag and drop
visualization

Not
specified

$19.99
per year
for
students

Collaborative
brainstorming

increase the achievements in learning science [78]. The in-depth survey of their
impact on students with mild to moderate cognitive impairment has confirmed that
the majority of reviewed students had a subjective impression that their functional
performance has improved after implementing mind-mapping software [79]. Table
4.4 presents the most frequently mind-mapping applications used in education.

XMind is a cross platform tool used by tens of million users. Apart from enabling
graphical representation of some problem, it is also useful for collecting notes,
which can be organized in a graphical way and exported in a structured document.
XMind has already in-built conceptual maps, enhancing visual perception of some
well-known problems. XMind versions can be adjusted to support many languages,
including Chinese, English, German, Indian, Japanese, Portugese, Russian, Slove-
nian and Spanish. They can be added into an own dictionary to facilitate the spell
checking. XMind has several versions, including the mobile XMind 2020, and the
professional XMind 8 Pro. The onlyAI feature they support is spell checking. XMind
is dual licensed, under the EPL, with the prices indicated in Table 4.4 and under the
LGPL.

MindView AT is an assistive technology for academic purposes. In parallel with
the intuitive visualization, it includes text-to-speech, Dragon speech-to-text add-
on, word prediction and high-contrast mode. Moreover, it enables easy integration
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with JAWS and ZoomText, making it available for multiple disabilities. Similarly
to XMind, it has around 100 education examples in several disciplines, like history,
geography, languages and physics, which are very intuitive and facilitate remem-
bering by visual stimuli. At the moment, it is available for Windows and MacOS in
English, French and German. Monthly price depends on the period of subscription,
which is annual, for two or for three years.

Mindomo is a browser based mind mapping assistive technology intended for
students who suffer from Dyslexia, ASD, ADHD or who are easily distracted.
Considering the fact that “90% of information transmitted to the brain is visual”
[80], Mindomo presents information and details with colorful and interesting struc-
tured graphs. Visual presentation is extended with audio explanation, contributing
to a better comprehension of presented information. Basic functionalities are avail-
able in a free limited option, which is appropriate for training the students to use
the application prior to start using it at school.Popplet is recommended for younger
students, including the K-12. It is used in more than 100 different languages, mainly
due to their predominantly visual and very intuitive approach. Popplet supports indi-
vidual and group subscriptions, which is convenient for younger students, for whom
teachers set up student accounts and then oversee the use. NoAI features are reported
about this application, making it inconvenient for students with more severe vision
impairment.

A more powerful instrument for students and teachers with cognitive disabil-
ities are the assistive technologies for augmenting learning, cognition and devel-
opment. A very exhaustive review of assistive technology for cognition (ATC)
was made by Gillespe, Best and O’Neill [81], proposing a division of ATC
devices into “those that affected self-awareness and those that involved the prior-
itization of action”. They include word prediction software, voice recorders,
speech recognition, cueing/memory aids and educational software. Cueing/memory
aids are the most frequently used ATC gadgets, which help people to recall
various information, ranging from tasks and appointments to steps in how to
accomplish activities. The most valuable ATC for educational purposes are Read
and Write Gold (texthelp.com/en-gb/products/read-write/) and Kurzweil 3000
(kurzweiledu.com/k3000-firefly/overview.html). Read and Write Gold is used by
more than 25million users who improve their reading andwriting, including students
who have dyslexia. It has an advanced spellchecker and word prediction module and
reads the online text to “give tired eyes a break”.Moreover, it increases concentration
bymasking the screen. Kurzweil 3000 is a universal assistive technologywith several
features for vision impaired, like text-to-speech, OCR and text magnification. It is
adjusted for students with dyslexia, including a talking calculator.

Cognitive disabilities affect communication and learning, inhibiting life and
school activities.Many assistive technologies can contribute to their reduction, partic-
ularly those which are associated with vision or hearing impairment and lack of
concentration.
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4.7 Learners with Mobility Disabilities

Mobility disability or impairment is any disability that affects movement. It includes
upper or lower limb loss or disability, lack of manual dexterity and disability in
coordination with other parts of the body. The World Health Organization estimates
that 75 million people, or around 1% of world population need a wheelchair [82].
Wheelchair accessibility is a privilege for many students, particularly in the devel-
oping countries.Knowing that education is a fundamental human right,many students
are discriminated on the basis of motion disability. Apart from wheelchairs, students
can access schools using the mobility aids like walkers, scooters, crutches, canes,
prosthetic and orthotic devices [83].

Many adaptive tools, includingmodified keyboards, specialized handles and grips,
adaptive sticks, mouth sticks, automatic page turners, and sip-and-puff systems can
support them in performing various tasks at school [84].

There are very few specialized assistive technologies for students with mobility
impairment. One fantastic application, which is available for Android devices is
Mouth4All Switch (mouse4all.com/en). It can assist students with “cerebral palsy,
spinal cord injury, ALS, multiple sclerosis, Parkinson, neuromuscular disease” to
manipulate the touchscreen without a need to touch it. Instead, an AAC approach is
enabled, based on switch access scanning, which activates the selected option either
by highlighting the items on the screen, or by announcing the items via voice output.
Currently, it is available in Spanish and in Italian for $7.99 to $99 per item.

The most popular switch access scanning assistive technology is the Assistive
Context-Aware Toolkit (01.org/acat/). It was used by Stephen Hawking since mid-
1980s. It is free, open source application currently available in English, French,
Spanish and Portuguese. Powered by Microsoft’s Speech Synthesizer API and the
default TTS voice on the target machine, it can be easily extended to other languages.
ACAT has a vision switch using “the webcam to track the user’s face and to detect
facial gestures”. To accelerate the creation of the words, it has a word prediction
option.

The mobility aids and adaptive tools are not covered in this paper. Some of them
are not AI supported, others are not intended for education. The development of
many assistive and adaptive tools for motion impaired people is still in its infancy.
Some of them belong to futuristic assistive technologies, which will be clarified in
the next section.

4.8 Futuristic Assistive Technologies and Neural Implants

Small Danish startup Envision (letsenvision.com/) modified Google glasses turning
them into AI-powered smart glasses, which extract information about the world
surrounding the blind person and interpret them using a natural language. This is
a nice opportunity to experience the visual world hands-free. Envision glasses are
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powered with a text recognition module, enabling students to listen the content of
their studymaterials. These glasses are non-invasive, but still unexplored and a rather
expensive solution, with a pre-order reduced price of $1699.

Students and teachers with vision impairment caused by degenerative retinal
diseases or age-related macular degeneration can undergo a surgical treatment to
get a cortical and retinal implant, i.e. a bionic eye [16]. This is a very innovative
assistive technology at its initial stage and very few companies and research groups
have advanced enough to start producing them massively [16]. Moreover, they are
extremely expensive, for example, Argus II andOrion, the only FDA approved bionic
eye costs $150,000. Orion is one of the first implants inserted to human brain.

Many hearing impaired students use cochlear implants [85]. These small elec-
tronic devices stimulate the cochlear nerve, permitting people to gain better hearing
and speech perception. Those students who received their cochlear implants during
early childhood managed to gain an ability for better pronunciation, which resulted
in a more expressive and receptive vocabulary [85].

Auditory brainstem implants (ABI) have been researched for almost 50 years
and the results are very promising for all ages, including children who managed
to achieve an environmental sound awareness and word detection few months after
ABI was activated [86]. A more futuristic assistive technology than the bionic eyes
is the optogenetic sensory restoration of hearing [87]. Optogenetics uses the light
to control genetically modified cells and selectively stimulates or inhibits neural
pathways. Future optical cochlear implants, powered by optogenetics can improve
speech recognition [81]. Additionally, the same approach can be used to restore
vision [88].

The futuristic assistive technologies “used to treat disease, rehabilitate the body
after injury, improve memory, communicate with prosthetic limbs, and more” are the
neural implants [89]. Neural implants are devices, which are placed inside the body
to interact with human neurons. They cause a deep brain stimulation in an effort
to “reduce the symptoms of various brain-based disorders” [89]. This approach has
already proved beneficial. It improved communication skills and cognitive control,
and suppressed some movement disorders [90]. Retinal, optogenetic and neural
implants can revolutionize the assistive technologies we now use. They synchro-
nize the human brain with AI. So far, these implants have not been intensively used
and tested, so their positive impact and contraindications are still unknown. Many
research centers extensively explore them and have already delivered the first proto-
types. After several years, the futuristic assistive technologies will no longer be a
science fiction.

4.9 Conclusions

Artificial intelligence has intensively evolved. It has inventedmany techniques,which
became pervasive and reached amainstreamuse. AI has dramatically transformed the
world, supporting or replacingmany routine activities and assisting people to perform
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better. AI powered assistive technologies bridged the communication gap, facilitating
even the people with multiple disabilities to access and exchange information in real
time. Accessibility wizards ofmost operating systems, text and screenmagnification,
text-to-speech add-ons, translation of the text to Braille alphabet and mind-mapping
applications have significantly contributed to this success.

The future of education systems, particularly after the pandemic will embrace
adaptive learning technologies, replacing the in-person activities withmore inventive
online activities, which support human communication and the inclusion of students
with some impairment.

Although the technology has considerably advanced, the access to sophisticated
assistive educational tools is still a privilege of wealthier, predominantly English
speaking students. The problem should be solved internationally and nationally.

The international community should unite AI researchers, educationalists and
software developers. Pedagogues will suggest to researchers how to invent new and
more available solutions that fulfil all the pedagogical and methodological methods,
aspects and implications, caring about the content and context [91]. Then, researchers
and software developerswill transform them into new andmore powerful tools.Many
free and open FOOS initiatives presented in this paper prove that this ambitious goal
can be reached.

National authorities should increase the reach of assistive tools, making them
available to all. The order of activities is the opposite from the order of qualita-
tive factors for selecting the tools presented in the introduction of this paper. At first,
ministries of education should purchase the software licenses for the tools, providing
them to all the impaired students in the country. The second obligation is to localize
them, bypassing the language difficulty. Portability will be enabled by the inter-
national software developing community, with careful supervision by experienced
pedagogues.

The most popular learning management systems (LMS): Blackboard, Canvas,
Desire2Learn and Moodle already contain several accessibility plugins based on
speech recognition, speech synthesis and voice assistants, reducing the need of addi-
tional assistive technologies. In parallel, many universities provide accessible hard-
ware and assistive technologies on campus. Whenever accessible LMS plugins are
not sufficient, students have an access to same accessibility software solutions for a
very reasonable price.

It is expected that in the near future, new LMS plugins will support the behav-
ioral signal processing [92], enabling technology to understand the emotions of the
students and inform the teacher about the emotional state in real time. They will
check whether students stay focused during their lessons, or if they are distracted
or frustrated. If their interest to attend the lectures is low, they can be forwarded to
somevirtual reality (VR) [93], and/or augmented reality (AR) alternative, likeGoogle
Expeditions and Tour Creator (edu.google.com/products/vr-ar/expeditions/). Google
Expeditions is a software platform that offers over 900 VR and 100 AR excursions
created in partnership with the most famous museums worldwide.
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It is undeniable that AI has a great potential to support and even transform the lives
of students with disabilities. This paper tried to prove this claim by presenting many
AI driven assistive technologies and their power to overcome the disability barriers.
Some researchers have a completely opposite opinion. For example, Smith & Smith
think that AI and disability is still “too much promise, yet too little substance” [94].
One of the major arguments supporting this provocative assertion are the ethical
concerns of AI systems, which instead of working for the sake of the disabled people,
increase their discrimination. They also have an impression that AI at the same time
assists and frustrates the disabled people. How right are they? Unfortunately, a lot.

Some assistive technologies, for example: DaVinci Pro HD OCR and OnyxOCR
24 from Table 4.1 and Logan ProxTalker from Table 4.2 are not affordable to
students who need them. Hardware, software and operating systems incompatibili-
ties, language obstacles, and particularly the high price of many tools have already
been mentioned throughout this paper. Inability of students with motor impairment
to get into lecture rooms, incapability to listen the lectures or see the presentations
due to hearing and vision impairment, insufficient time to complete the time limited
examinations caused by cognition or motion problems are not an exception, on a
contrary, they are still a problem in many countries. All these obstacles are related
to social disparity [95].

Many students are not capable for independent learning, either because they are
incompetent for fully independent life due to some disability, or because they simply
strive for human contact and empathy. Online teaching and learning and intelligent
assistive systems should complement human-delivered care. During the pandemic,
human contacts were kept to a minimum, severely affecting students with cognition
or intellectual impairment.

Students with disabilities usually have limited information access. Very few of
them are IT savvy [96]. Experienced teachers cope with these problems. Unfor-
tunately, intelligent assistive technologies collect many sensitive data, harming
both, students’ personal privacy and their medical confidentiality [87]. Behavioral
monitoring additionally worsens the problem.

Futuristic assistive technologies might interfere human dignity [97]. Ethical prob-
lems embrace: the selection of candidates for neural implants, responsibility of unpre-
dicted reactions, liability for caused dangers, predator’s monitoring, potential inter-
ference of brain activity and security breaches [97]. It is still too early to find a
solution to all these ethical challenges, but they should be taken into consideration
as soon as possible.

Carl Saganwrote: “Every generationworries that educational standards are decay-
ing” [98]. In 2020, traditional education was instantly transformed to online educa-
tion. Students with disabilities were themost affected by this urgent shift. AI assistive
technologies may become the moral agents that contribute most to AI4SG.
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Chapter 5
Adaptive and Intelligent Web-Based
Learning and Control Technologies

Valery M. Kaziev and Lyudmila V. Glukhova

Abstract The current problem of evolution of adaptive and intelligent technologies
of modern education, their influence on digital infrastructure of educational environ-
ment is considered. The purpose of the study is an evolutionary system analysis of
the digital opportunities for the effective development of the information and educa-
tional space of universities from the Russian model of competence-oriented educa-
tion. Formal (mathematical) model of adaptive learning decisionmaking is proposed.
Research methods are analysis-synthesis, composition-decomposition, aggregation,
logical, formalization, modeling, etc. Key methods, approaches and technologies
of adapting and intellectualizing web-learning are considered, as well as didactic
aspects. The main goals of adaptive vocational education are highlighted. The issues
of self-organization, web-education, their adaptation to digital transformations in
society, the environment of the educational system were investigated. The list of
basic intelligent web learning technologies is proposed. The main directions of web-
learning systems for implementation of individual, adaptive, interactive and cogni-
tive approaches to training are highlighted. The results of the work are applicable to
improving the legal basis of the Russian system of remote and digital technologies
at all levels of education. A general mathematical model of the student’s adaptive
profile is proposed, taking into account the learning scenario, learning success, the
adaptation mechanism and the starting state. The results of the work will help solve
these problems more effectively and more fully.
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5.1 Introduction

Learning priorities and procedures are changing dynamically in education in the
context of building a digital society, high rates of digital transformations, and indi-
vidual characteristics of training, training conditions and technologies and the socio-
economic evolution of society. The demand for a professional of the highest level of
training is growing. It’s necessary to improve the professional education focused on
competences—knowledge, abilities, skills of search of optimal or rational solutions
at stochastic changes and dynamic feedback from an environment.

First, education needs to be developed by diversifying educational programs,
supporting flexible management and adaptive learning technologies. Adaptive
learning technologies we understand in this work (if not specifically specified) in
the system sense, as a methodological system including a training process control
system, mechanisms for regulating this process (according to the degree of training)
and supporting the system technologies. Sometimes, in working order, we specify
adaptation as a management process, as a rule, according to the parameters of the
training criteria.

Secondly, we need a transition to a paradigm focused on competencies and the
training of competent professionals with the necessary information and communi-
cation, cognitive, creative, social and special competencies. Thirdly, the transition
to the professional development of the individual and mobilities to master new tech-
nologies, “digital” professions is relevant. Fourth, Web learning, distributed, cloud
computing and intelligence learning should be applied broadly and deeply (in the
sense of deep intellectual penetration, machine learning).

An adaptive approach will mean methods and technologies for adaptation, taking
into account a range of individual opportunities and needs of students. But this is
hindered by the imperfection of adaptive systems, reducing problems only to their
technical, computer aspects, emphasizing the “rigid” adaptation mechanism. Often
there is no trainee model profile that takes into account individual possibilities for
implementing the evolutionary adaptation mechanism and the learning hypothesis is
poorly defined.

In an adaptive system, the learning process and training content are “adjusted” to
thegoals, competencies, and evenmoodof the student, building an individual learning
trajectory. There is no universal platform, for example, that takes into account the
psychological profile of the trainee or allows predicting all the basic parameters of
learning success. Caution is also needed in choosing the mechanism for adapting the
learning process and its formalization (logical output), forecasting, standardization,
security, etc.

Popular adaptive or conditionally adaptive platforms are Moodle, 2U, Wiley,
LoudCloud, Canvas, BlackBoard, RealizeIT, ACW (AdaptCourseWare), Knewton,
SmartSparrow, Geekie, etc.

The COVID-19 pandemic opened the doors of universities and schools to new
technologies and innovations in education. It mobilized research in adaptive learning
technologies. Instead of classical connections (contact, synchronous and real), new



5 Adaptive and Intelligent Web-Based Learning and Control … 89

ways of feedback and personalization of training (adaptive, asynchronous and virtual)
are used. Insteadof highlypersonalized adaptability, “soft”, flexible and customizable
adaptive learning technologies are used.

This work is devoted to the system analysis-synthesis of the category of adapt-
ability in training and adaptive intelligent educational systems. Particular attention
is paid to the smart-paradigm that supports the requirements of specific, measur-
able, achievable, reliant & time bound and as well as the knowledge models of the
semantic network’s type. Such a knowledge model is a graph that effectively formal-
izes the concepts and relationships of educational material, updating themechanisms
of adaptation and individualization in training.

In Russian laws on education, the main goal of electronic education is the use of
all kinds of distance and digital technologies at all levels of education (Article 16 of
the Law).

Modern adaptive and mobile training is developed on the methods of knowl-
edge engineering, modern educational infrastructure, process intellectualization and
taking into account the current achievements of the trainee in the training process
[1].

Previously, learning adaptability was understood, albeit at a sufficient level, but in
a narrow sense, as computerization, for example, in testing—only as adaptive testing.
But its current, wide understanding is based both on formal systems (ontology,
algebra, cognitology, fractals, etc. [2]) and on modern technologies (artificial intelli-
gence, tracking, machine learning, etc.), teaching methods and tools based on adap-
tation to the level of competencies and the pace of learning of each student. Adaptive
learning is closely connected with intellectual systems, in particular, [3] with the
issues of accelerating learning, competency learning “through life”, game learning,
the development of social skills and intercultural competence, etc.

There are various adaptive training systems, in particular, Smart Sparrow—a
service (platform and support for developing management plans and strategies based
on the feedback of the trainees themselves), Knewton (a corporate solution for part-
nering with well-known educational companies), and ScootPad (with multi-level
automation).

In the work [4] are accepted the basic benefits of adaptive learning:

(1) personalized training;
(2) generating data and analytics for early training adjustment;
(3) training efficiency;
(4) provision of available content and various methods and tools (video, anima-

tion, multiple choice, etc.);
(5) targeted adaptation by indices and training criteria;
(6) improvement of results of training and attestation tests;
(7) involvement and activation, cooperation of trainees and trainees;
(8) use of interactive motivating exercises (situational scenarios);
(9) saving the time and resources of the educational system;
(10) reinforcement of interactions of type “teacher—student (group of students)”.
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TheHigher EducationHorizonReport [5] analyzed adaptive learningwith person-
alized Harvard Graduate School of Education (HGSE, How People Learn Project)
content.

The problem of adaptive learning and the development of appropriate ICT tools
[6] and the entire infrastructure environment of the university is inextricably linked
[7]. The positions of system analysis and properties of emergence, adaptive testing
are considered in [8]. The article [9] is devoted to the use of web technologies for
information support of the educational process.

The subject of adaptive training is absorbed by smart-pedagogy [10] (as a subject
of cybernetics swallowed up by the subject of informatics). Digital transformations in
society require adaptivemechanisms and criteria for adaptive regulation of the educa-
tional process for universities [11]. This is also required by the digital economy [12].
Therefore, problems of sustainable development of education [13] are studied and
projects of information and educational environment of large and small universities
are developed [14].

The evolution of e-Education involves the development of the capabilities of
the environment (infrastructure) [15], which does not outpace the technologically
strongly scientific, methodological and didactic components of the evolution vector
and professional competencies. In the context of Russian education, this is a complex,
vector (multicomponent) process [16]. Relevant practical tools for this process are
multi-agent systems [17].

The pandemic made adjustments: according to the Ministry of Education and
Science of the Russian Federation, by April all universities of the ministry had
completely switched to distance learning platforms, although studies (HSE, 2019)
showed that university teachers with a degree only “3+ ” estimated their ownership of
distance learning technologies. Many are content with university opportunities and
solutions (LMS platforms, e-mail, instant messengers, etc.). Few those who open “all
the charms” of a mass online course (MOOC with versions of connective MOOC,
task-basedMOOC, xMOOC[18]).Many are contentwith a “combustiblemixture” of
educational technologies: distance learning, mobile training, etc., achieving, results
that are quite acceptable and comparable to the traditionally used training.

Growing demand for LMS (Learning Management System) updates the problem
of choosing the best system. You can use the results of the comparative analysis
given in [19]. A freely distributed system with open code Moodle [20] is popular.
Ready-made solutions, claiming universality, do not always implement it, so some
universities order (develop) the system for their own requirements.

For example, a CATS (Care About the Students) system [21] with Microsoft SQL
Server and Web server, client terminals in the MVC ASP.NET infrastructure, and
the SCORM (Shared Content Object Reference Model) standard [22].

It’s important to formalize educational processes and procedures of adaptation,
describing them in general terms, creating an individual formal model (individual
profile) of management for each trainee. Models and tools can be the same, for
both base and special levels, but with different parameter values. As parameters, for
example, the ability to perceive information and the tendency to forget, etc., can be
used.
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5.2 Competency-Based Vocational Education

There are evolutionary directions of vocational educationwithin the framework of the
educational paradigm.A paradigm that is democratic, harmonious, efficient (efficient
and sustainable), open and integrated from the point of view of the interests of society.

The main objectives of the reform of vocational education are:

(1) implementation of new GEF, taking into account the requirements of interna-
tional standards (for example, ISO 9001:2015, etc.);

(2) creative approach to interdisciplinary professional tasks;
(3) humanistic training and self-training;
(4) democracy, fairness of the educational environment in relation to each student;
(5) continuous, sufficient and implemented in the spirit of partnership quality of

education (competencies, methods, technologies, value, etc.);
(6) continuing education, carried out on the principles of partnership, etc.

The basic principles of GEF development are being implemented:

(1) versatility;
(2) openness;
(3) integrity;
(4) fundamentality;
(5) equal opportunity;
(6) motivation;
(7) professionalism;
(8) variability;
(9) cooperation;
(10) multilevel hierarchy of educational goals and programs;
(11) self-organization;
(12) reliability (stability);
(13) continuity.

Much depends on the accepted model of economic evolution. It can be different:
“service economics”, “creative economy”, economics based on a “competence
society”.

The Russian model of competence societies based on the principles:

(1) digital design, use of automated (intelligent) design systems;
(2) smart structures, self-training and self-organization;
(3) modular distributed organization and integration of technological chains (for

example, blockchain technologies);
(4) modern management (outsourcing, crowdsourcing, Government Relations,

etc.) [23];
(5) adaptive business processes and structures (intelligent business, 3D simulation

environments, etc.).
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But the key “element” of digital transformations in society is a professional, a
specialistwith competencies in a specific subject area, aswell as integrated vocational
education and adaptive training based on principles (schemes):

(1) competencies—actualization—production of knowledge—competencies;
(2) the purpose of training is self-learning, the purpose of self-learning is self-

knowledge and self-development;
(3) the function of the teacher is to manage (tutor) the process of updating and

accumulation of competencies;
(4) the evolution of professional virtual communities with synergistic goals

activated self-education, self-training, etc.;
(5) standardization and unification—the basis for improving the quality of

education and competitiveness in the educational and labor markets;
(6) management of the educational process—of the 3H-class (Humanization,

Humanization and Harmonization) with the activation of effective and multi-
lateral feedback;

(7) the quality of education and educational services is determined by the cost of
actualization, capitalization of competencies.

Specialists are in demand that is able to set tasks and plan resources, ways to solve
them, capable of heuristics, cognitology, team work of like-minded people.

It’s difficult for businesses and enterprises to predict the need for specialists with
certain competencies [24]. But companies expect that a university graduate admitted
to the company will begin to “pay off” in a few months. Therefore, a partnership
between the educational institution and the business community is also important.

Competence is assessed by the readiness of the specialist to perform professional
activities in various situations, and the quality of education is a measure of compli-
ance with the qualitative characteristics of the educational product with the needs
of the target audience. In relation to the producer of educational services, one can
distinguish both the competencies of graduates formed in the process of training, and
the state of the educational environment, the conditions of the educational process
itself.

Competence adapts to the dynamic changes and preferences of the educational
system (see Fig. 5.1), specified in the practice process so as to give the trainee the
opportunity to update, implement:

(1) problematic situations;
(2) system analysis of the problem;
(3) methodology for solving problems;
(4) resources, structures, planning and management criteria for solving the

problem;
(5) the creative union of like-minded people, technologies for solving the problem.

For example, competencies to solve innovative tasks (abilities for innovative
thinking) include:
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Fig. 5.1 KPIs (competency indicators model structure)

(1) openness to new;
(2) the ability to look for alternative solutions;
(3) the ability to look at the problem from the outside;
(4) the ability to respond quickly to a changing situation;
(5) leadership in innovative processes, etc.

If the adaptation training procedure and model are adequately selected, then they
should optimize the training time without reducing the learning criterion (compared
to non-adaptive learning). The use of an adaptive mechanism involves standardized
calibration, which contributes to climbing the ladder of difficulty within the topic,
module.

Relevant methodologies are used in the educational systems of a number of EU
countries. The principle of “learning by doing” in competently oriented learning is
one of the most important principles. The main types of competency models are
used (i.e. a complete set of competencies and indicators of targeted professional
behavior)—professional, managerial and corporate.

The evolution of adaptive learning is often hampered by much of traditional
learning. For example, man–machine approach and “rigid” adaptation mechanism,
not intellectuality. It leads to unconsistency of learning and adaptation models, insuf-
ficient formalization of learning logic, ineffective (linear) algorithms of educational
activities, etc.

From a scientific point of view, the category “adaptive training” involves the
personalization of training based on electronic courses, systems and platforms
focused on individual goals and approaches to the psychological capabilities and
competencies of the trainee. Adaptive learning models are implemented using
modern methods: expert assessments, multi-agent, modular, fuzzy logic and sets,
neural networks, ontologies, etc.
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Fig. 5.2 Adaptive learning information logic

Froman applied, technological point of view, cloud computing, blockchain, cogni-
tive schemes, multi-agent systems, intelligent systems, situational modeling, etc. are
of interest.

Figure 5.2 shows simplified adaptive learning information logic.
Adaptive learning has sufficient developing potential, its algorithms are based

on statistical estimates of parameters, indicators, analytics, formal systems and
knowledge models, and intelligent decision-making.

The methodological scheme is shown in Fig. 5.3.
Adaptive training increases manageability, interactivity, adequate reflection of

achieved competencies, unification, scalability, friendliness (integration of the trainee
into an adaptive environment), administration, etc.

The adaptive system can be formalized using the tuple S = <A, B, C, D, E,
F>, where A is the system subsystems (information, interface, functional, linguistic,
etc.), B is a set of training scenarios, C is the models of trainees, D is the evaluation
base (training success), E is the adaptation mechanism, F is the initial (starting) state.

We considered P1(A), P2(A), . . . , Pn(A) the adaptive learning profiles (5.1):

P(A) =
n⋃

i=1

Pi (A). (5.1)
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Fig. 5.3 Methodological scheme of adaptive training

where Pi (A) defines a “phase” portrait of the situation (5.2):

Pj (A, α) =
n⋃

i=1

δα j i , δα j i =
{
i, α j i = 1,

0, α j i = 0.
(5.2)

Enter the adaptive situation profile (5.3):

P(A, α) =
N∑

j=1

Pj (A, α) =
N∑

j=1

n⋃

i=1

δα j i . (5.3)

By eliminating duplication of profiles in P(A), the information volume P(A, α)
can be found by the formula (5.4):

V (A, α) =
N∑

j=1

n∑

i=1

V α j i
i +

n∑

i=1

Vj (A), (5.4)

where the second term corresponds to the information volume P(A, α).
The adaptive system is also formalized by the tuple S = <A, B, C, D, E, F>,

where A is the information, interface, functional, linguistic and other subsystems,
B is many training scenarios, C is the models (profiles), D is the evaluation base of
learning success, E is the adaptation mechanism, F is the initial state.

The effectiveness of the adaptive procedure depends on the effectiveness of profile
allocation, that is, on the development of libraries, profile databases, their expert
evaluation.

For example, for adaptive service testing (models) are relevant:

(1) TaaS (Testing as a Service), providing a test base, design methodology,
implementation and analysis of test results in the applied field and education;
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(2) TPaaS (Testing Platform as a Service), providing a virtual platform for testing,
for example, through the “clouds”;

(3) TSaaS (Testing Soft as a Service), providing a test shell, for example, through
a Web browser.

Example. The cloud intellectual platform of the class IPaaS (Intelligent Platform
as a Service) is intended for the remote distributed development and support of
application (tool) cloud services. For example, a computer training simulator or an
expert system for medical students.

Web-based training requires a wide range of adaptive and intelligent educa-
tional technologies, interface procedures, management, analysis and administration
depending on the success of the training.

The computer adaptive training system includes subsystems:

(1) administration (security, registration, authentication, etc.);
(2) filling with educational material, tasks, their editing;
(3) training (delivery of educational content, its visualization, assistance);
(4) monitoring the achievements of the trainee;
(5) an adaptive mechanism (analysis of the level of competencies, training,

classification, scaling, refinement of the training strategy).

In web-based training, both decision making and process, learning technology
are adaptive. For example, models such as Knowledge Based System and Intelligent
Tutoring Systems are used, taking into account the educational achievements and
difficulties of the student. Minimizes the risks of “conflict” for continuing training
and current competencies, choosing a solution for moving to a new productive level
[25].

Intelligence learning systems is supported by the accounting and use:

(1) fuzziness (sets, logic, procedures);
(2) expert, heuristic procedures;
(3) multi-criteria (selection of levels) and parameterization;
(4) situational activation of various training scenarios;
(5) adequacy to hypotheses, models (trainee, process).

“Learning agents” allow you to build distributed and multi-agent models, for
example, P2P. Activity of trainees and information resources, quality of interactions
due to elimination of intermediaries and intermediate links is increased. The market
of adaptive and intelligent educational technologies and products of private (for
self-education) and professional consumption (for consulting, training, retraining,
increasing competencies) is being formed.

Adaptive learning systems are innovative solutions based on artificial intelligence,
self-organization and self-learning technologies, analytics, for example, the Learning
Analytics.

Evolving list of adaptive and intelligent web learning technologies includes the
following technologies (systems):
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(1) telecommunication infrastructure, access to educational resources at this
point, in this place, with these requirements;

(2) GRID and cloud technologies (computing), dynamically configurable virtual
educational resources (platforms, services) according to the principles of pay
only for what you use, use only what you need now and here, quickly, in real
mode, use data for an increasing audience;

(3) Big Data, increasing the volume of updated data (both structured and
unstructured), their diversity;

(4) Data Mining, analysis of hidden, not “surface” connections, regularities of
data, their ranking;

(5) situational (scenario) modeling;
(6) neural network analysis and genetic algorithms;
(7) expert-training systems and technologies of their automated construction

using knowledge engineering and ontologies;
(8) pattern recognition and taxonomy;
(9) 3D analysis, visualization, virtualization;
(10) cognitive analysis (cognitive circuitries and networks);
(11) analysis of Markov series, etc.

Example. The IaaS class VCL cloud storage, cloud service (Infrastructure as a
Service) provides everything you need to design, implement, and operate an appli-
cation environment on demand. This provides benefits for training: speed, scala-
bility, the ability to choose a cloud service and solution, storage, teamwork in a web
browser. Including, “behind the firewall” of the university. VCL can provide students
and teachers with infrastructure (private cloud), extend the service to a branch of the
university (public cloud). This is a solution for interactive service support of users,
educational and research laboratories, university branches, adaptive monitoring and
training (filling the student’s private cloud with materials, service and applications
for training). You can do without the support of many computer classes, adapting
educational services during training, with effective feedback [26].

Cloud computing integrates many mechanisms (key ones are shown in Fig. 5.4).

Fig. 5.4 Basic cloud mechanisms
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Example. The multi-agent approach allows you to manage the trainee (agent) at
each stage of training. The agent has its own local goals, resources and rules of
behavior, interaction with the environment (the space of agents). In the process
of specific training, he can himself choose educational goals and behaviors. For
example, the IACPaaS cloud platform (Intelligent Application, Control and Platform
as a Service) supports the development, management and remote use of application
and tool multi-agent cloud services and their components in various areas [27].

All adaptive and intelligent web learning technologies have the main goals—the
formation and development of:

(1) new competencies and their inclusion in digital relations;
(2) standards of behavior (“according to the model”) in society and collective;
(3) educational web communities and social networking groups, for example,

educational activity;
(4) creative approach to choosing non-standard solutions, etc.

The effectiveness of adaptive learning is determined by efficiency and relevance:

(1) building models (trainee, training);
(2) data, analytics;
(3) methods, especially the mechanism of adaptability;
(4) control parameters of the training process;
(5) platform efficiency, training infrastructure.

Intelligent web-based training systems (educational environments) are carried out
in the areas of construction and use:

(1) adaptive intellectual (based on models of knowledge, competencies) models
of the trainee, training and learning processes;

(2) intelligent analyzers of feedback and solutions, which provide analysis of
behavior and response of the trainee, its completeness and ways of adaptive
correction of the wrong solution;

(3) interactive intellectual support of solved tasks taking into account successfully
solved earlier tasks;

(4) intelligent internal architecture and infrastructure adaptively embedded in the
external environment (partner and educational networks, open systems).

The core of intelligent learning systems is the knowledge base that supports the
evolutionary model of the subject area. The intellectualization of the educational
system ensures its adaptability, but problems (“curses”) of dimension and complexity
(a large and complex system [28]) arise in the space of educational opportunities.

Intelligent web learning environments focus on situational learning processes and
scenarios, allowing you to choose the best simulation option. It’s selected according
to the indicators of learning and learning activities (according to the hypothesis and
model of learning), on the principles indicated above, especially the principles of
systemality, flexibility, sustainability, efficiency and evolution.

Adaptability requires pooling resources (time, space, tools, information, etc.). An
adaptive system has a self-organizational ability with its attribute—manageability,
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self-regulation. Self-developing adaptive systems have invariant, systemic measures
of complexity.

Onlywith the development of smart pedagogy and adaptive learning technologies,
it became possible to provide the teacher and student with a choice by tracking the
level of training, interactively changing the structure, parameters and algorithms of
training based on its results.

5.3 Conclusions

With traditional training, it’s impossible to provide all the basic information and
communication capabilities and needs of the trainee. It’s important to implement
individual, adaptive, interactive and cognitive approaches to learning and take into
account internal invariants of the educational process or cognitive invariants—
logical, structural or functional.

The quality of education is determined not only by compliance with federal stan-
dards, but also by the requirements of the educational market and labor market.
Specific educational goals and results should be evaluated in terms of competence,
key abilities—communication, technological, entrepreneurial, etc.

A poorly structured and complex learning and control process with a competent
approach is difficult to organize without adaptive procedures and technologies that
allowyou to realize the individual creative abilities of the trainee. Intelligent provision
of training and dynamic monitoring, control, analysis and prediction of its quality is
required.

In the future, self-study is the highest goal of adaptive learning. Therefore, it’s
necessary to develop adaptive infological models and mechanisms that contribute to
the self-development of trainees and trainees, their expectations.

But there is no targeted use of high-tech tools for intelligent support of web
training and educational process management. Personalized training strategies do
not sufficiently take into account the abilities of the trainee, stability and the duration
of his active state.

Training content should be structured, for example, by a semantic network or
hierarchically, taking into account the didactic features of the training course, the
strategy of learning, cognitive abilities and the level of basic knowledge and the rate
of forgetting and memorizing the trainee. The system analysis-synthesis of adaptive
and intelligent web learning problems will make it possible to perform this more
efficiently and more fully.

The results are applicable to improving the Russian legal basis system of digital
technologies, in particular, when classifying them and eliminating conflicts in deter-
mining mechanisms for control, feedback and adaptive control of the learning
process.

The issues investigated in the work relate to the self-organization of the education
system, the results will allow you to fully explore the evolutionary potential of the



100 V. M. Kaziev and L. V. Glukhova

system, a list of basic adaptive technologies and intelligent web-learning technolo-
gies, improve the legal framework of the system, taking into account the adaptive
profile of the student and the learning scenario.
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Chapter 6
Exemplar Use-Cases for Training
Teachers on Learning Analytics

Arvind W. Kiwelekar, Manjushree D. Laddha, and Laxman D. Netak

Abstract Learning Analytics (LA) provides a rich set of methods, techniques, and
tools to analyze learners’ data.However, educatorswithout a background in data anal-
ysis and statistical methods experience difficulty comprehending the potentials and
pitfalls of learning analytics based pedagogical practices and Engineering Sciences
experience this difficulty. This chapter documents a set of exemplars used to demon-
strate learning analytics applications in daily classroom activities. These exemplars
have been designed and usedmainly to train newly recruited teachers on data analysis
methods during faculty induction programs. Exemplars demonstrate the application
of statistical methods such as hypothesis testing, analysis of variance (ANOVA),
correlation analysis, and regression analysis. Each use case’s broad objective is to
describe the application’s context so that teachers can apply it in a similar situa-
tion. The chapter provides ready-to-use examples for conducting teachers training
programs on Learning Analytics.

Keywords Learning analytics · Hypothesis testing · Analysis of Variance
(ANOVA) · Correlation analysis · Regression analysis

6.1 Introduction

Education domain is currently experiencing two kinds of changes on a large scale.
The first change is driven by advancement in digital technologies, which emphasize
the deployment of online courses for effective course delivery [1]. Evidence-based
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reforms drive the second change [2], which suggests adopting data-centric teaching
methods. Both changes complement each other because educators can use the data
generated from learning platforms for producing evidence.

Mainly such evidence is used to claim the attainment of learning outcomes.
Data needs to be analyzed through appropriate methods from Statistics or Machine
Learning to extract helpful information demonstrating learning outcomes. However,
many teachers lack the required knowledge of these methods from Statistics and
Machine Learning. Hence they struggle to adopt such practices and consequently
failing to justify the learning outcomes. To overcome this problem, we identify a few
exemplar use-cases to demonstrate applications of various statistical techniques.

These use-cases highlight appropriate situations for the use of each statistical
method. Four different statisticalmethods called (i) Hypothesis Testing, (ii) ANOVA,
(iii) Correlation Analysis and (iv) Regression Analysis are described in this chapter.
These exemplars have been used to introduce Learning Analytics and Statistical
methods in various teachers training programs. They have found it helpful and prac-
tical to explain the nuances behind applying statistical methods to analyze learning
data in different scenarios.

6.2 A Use Case for Hypothesis Testing

Hypothesis testing is one of the most useful statistical methods commonly employed
to justify a claim using collected data. Here, a claim or a belief hold by a person (e.g.
a teacher, a Head of the Department) or an institute (e.g. a particular University) is
formulated as a hypothesis. For example, a piece of news in the Times of Higher
Education dated 23rd December 2020 claims that Students cheating exploding in
Covid era.

The validity of such claims can be tested through the statistical method of hypoth-
esis testing. It consists of formulating two kinds of statements called Null Hypoth-
esis and Alternative Hypothesis. A null hypothesis assumes that there is no rela-
tionship between two variables. An example of the null hypothesis can be there is
no connection between Covid outbreak and students cheating. The null and alter-
native hypothesis is formulated using population parameters such as average and
proportion.

6.2.1 Method

The following steps are typically performed during hypothesis testing:

1. Describe the hypothesis in words. It is described in terms of population
parameters such as averages and proportions.

2. Define null H0 and alternative H1 hypothesis.
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3. Identify the test statistic to be used for testing the validity of the null hypothesis.
Usually, the Z-statistics is used when we know the standard variance of the
population and population has normal distribution. The t-statistics is used when
we do not know the value of standard variance of the population.

4. Decide the criteria for rejection of a null hypothesis. This is called the signif-
icance value or α value. It is typically 0.05 for a population with a normal
distribution.

5. Calculate the p-value i.e. probability value which is the conditional probability
of observing the test statistic.

6. Take the decision to reject or retain the null hypothesis based on p-value and
the significance value α.

The following section illustrates the application of these steps with an example.

6.2.2 Are Students Interested in Higher Education?:
An Example of Hypothesis Testing

Let us consider a situation where a Head of the Department of Computer Engineering
at Dr. B. A. Technological University (DBATU) claims that students at the institute
are loosing interest in higher education.

To support the claim, the head uses data collected from an exit survey which
is conducted annually. Students from the final year are the respondents to it. The
survey includes a question to judge students’ career choices at the beginning of the
program. The exit survey consists of a question: When you took the admission to B.
Tech in Computer Engineering program, what was your goal in life? Only 11.6% of
the students respond with an option of higher education, as shown in Fig. 6.1.

Further the head compares institute proportion with the national average of
students qualifying the GATE examination. In India, students aspiring postgraduate

Fig. 6.1 Results of exit survey conducted at DBATU
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education need to appear and qualify the Graduate Aptitude Test for Engineering
(GATE), a national-level mandatory test. The national average of students qualifying
GATE is 17%.

We can validate the head’s claim that, Students at the institute are loosing interest
in higher education, through the hypothesis testing.

1. Define null H0 and alternative H1 hypothesis: The null and alternative
hypothesis are as follows.

H0: The proportion of students interested in higher education is below the
national average of 17% of students qualifying in GATE.

H1: The proportion of students interested in higher education is not below
national average 17% of qualifying students in GATE.

2. Identify the test statistic: We will use the z-test for proportion as we know the
population parameter and distribution. Student’s performance in examination
typically follows the normal distribution or bell curve. The z-statistic is defined
as below

Z = p̂ − p√
p(1−p)

n

With the values of p
∧ = 11.6%, p = 17%, and n = 70 i.e. class size the value

of z-statistic is −1.20.
3. The critical values for hypothesis testing for population proportion based on

the sample are: −1.96 and 1.96. The value of z-statistics is greater than −1.96
(−1.20 > −1.96) and less than 1.96 (−1.20 < 1.96). It tells that z-statistic is
not part of rejection region. Hence, we will retain the null hypothesis.

4. We can calculate the p-value using Microsoft Excel function
NORM.S.DIST(−1.2). The calculated p-value is 0.11. It is greater than
the α-value i.e. 0.05. So also, we will retain the null hypothesis.

Threats to Validity The observation is valid for the particular university as the
sample size reflects the trend in the particular institute.

Also experts say that an observation to be valid the value of the expression n p
∧

(1
− p

∧

) > = 10. In our case, the value of the expression n p
∧

(1 − p
∧

) is 7.11 which is
less then 10. It is because of small n in comparison with students appearing in the
GATE. Typically students in the range of 100–200 thousands appear for the GATE.

6.2.3 Use-Cases of Hypothesis Testing from Literature

The hypothesis testing to test the validity of beliefs or opinions has been found useful
for many researchers, as listed in Table 6.1. For example, in Ref. [3] authors test the
validity of the claim: In education systems with greater school clustering by past
achievement, students have higher academic achievement than otherwise. Similarly
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Table 6.1 A few use-cases of hypothesis testing from literature

Sr. no Statistic method Purpose Source

1 Regression To improve students’ learning
achievements by grouping students
into section

[3]

2 Correlation statistics Spearman’s and
Kendall’s

To report the quality of ranking and
rating of peer assessment using
simulation approach

[4]

3 Effect or influence of learning
environment on mind wondering and
retention in online learning

Regression and Chi-Square test [5]

in Ref. [4], authors validate the claim: ranking-based peer assessment produces
higher rank-order correlation between the assessment score and true artifact quality
as compared to the rating-based peer assessment. These approaches use the standard
method for hypothesis testing, as described in this section.

6.3 Use-Case for ANOVA

The term ANOVA stands for Analysis of Variance. It is a statistical method to study
the impact of a particular phenomenon on a dependent variable. This systematic
method investigates whether there are statistically significant differences between
the means of more than two independent groups. In this section, we illustrate the
application of ANOVA to answer the question:Does the choice of reference material
affect students’ performance? In this case, the studentswho refer to different books or
reference material form separate groups. Themean of their performance is compared
to check the impact of selecting study material on their performances.

6.3.1 An Example: Does the Choice of Reference Material
Affect student’s Performance?

We have applied the ANOVA technique to check the impact of students’ choice of
reference material on their performances. In this context, we selected a course on
C-Programming offered at DBATU to the students from the first year of B. Tech.
in Computer Engineering. Because course on C-Programming is a first introductory
course on programming intended to develop programming skills.

The course curricula prescribe two different books on C-Programming authored
by E. Balagurusamy (EB) and Herbert Schildt (HS). Some students prefer to study
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Table 6.2 Descriptive statistics for whole class and 4 groups formed by reference material used to
study

Measures Whole class Name of reference books

EB HS DM Mix

Count 69 23 13 22 11

Mean 61 59 59 58 72

Std. Deviation 14 12 13 16 13

Min 40 40 40 40 40

Max 95 80 80 95 86

Reference books EB: E. Balgurusamy

HS: Herbert Schildit

DM: Digital material

Mix: Multiple resources

either from a third book not prescribed in the syllabus or from the digital material
available (DM) on the Internet. Some of the students prefer to study from more than
one of the resource (Mix). Hence, there are four different groups in the class as per
the choice of reference material used for the study; these are referred to as EB, HS,
DM, andMix, respectively. So the ANOVA test can be used in this context to answer
the question does the choice of reference material affect students’ performance?

The summary descriptive statistics of the whole class and four groups as formed
according to their choice of material is given in Table 6.2. It includes the values
min, max, mean, and standard deviation. The null and alternative hypothesis for the
ANOVA test is formulated as:

H0 : μEB = μHS = μDM = μMIX

where μ is the mean value of corresponding group. The null hypothesis states that
there is no difference between the mean μ values of four different groups formed
according to their reference books’ choice. All mean values are the same.

The alternative hypothesis states that the mean values of all four groups are
different.

HA : μEB �= μHS �= μDM �= μMIX

In the ANOVA case, the F-test is the test-statistic used to checkwhether the results
are statistically significant or obtained by chance. The F-test is defined as:

F − T est =
∑k

i=1 ni (μi−μ)2

k−1∑k
i=1

∑n j
j=1(Yi j−μi)

2

n−k
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where,

K = Number of groups,

ni = Number of observations in a group i

n = Total number of observations

Yij = Observation j in group i

μi = Mean of group i

μ = Overall mean.
We performed the ANOVA test using Python’s StatsModel API. The ANOVA

table obtained after the test is shown in Table 6.3. The value of F-statistic is 2.81.
The critical value of F-statistic (Fc) can be calculated fromMicrosoft Excel function
FINV (α, degreeOfF reeedom, Sample size). The degree of freedom is 3 in our case,
as four groups are present. With sample size of 69 and α equal to 0.05, we get Fc
as 2.71. The F-statistic value is slightly greater than the critical value Fc. Hence, we
reject the null hypothesis and the alternative hypothesis is retained (Fig. 6.2).

Further, the value of etasq(η2) is 0.11 signify that the choice of reference material
students’ performances is a moderate one.

Table 6.3 ANOVA table: the output of statmodels in python

sum_sq df mean_sq F PR(>F) eta_sq omega_sq Fc

C(Ref) 1713.35 3.0 571.11 2.81 0.04 0.11 0.07 2.71

Residual 13,196.34 65.0 203.02 NaN NaN NaN NaN

Fig. 6.2 Box plots for 4
groups performed according
to reference material
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6.3.2 Use-Cases of ANOVA from Literature

As observed from Table 6.4, the technique of ANOVA has been applied by many
researchers to investigate the impact of different phenomenon on learning activities.
In Ref. [6], authors have used ANOVA to study the impact of various kinds of
background music on reading comprehension. The impact of student’s choice about
sequencing the completion of assignment on their performance has been analyzed
using ANOVA. Further, an improvement in student’s performance has been observed
when such choice is offered.

6.4 A Use-Case for Correlation Relation

The correlation analysis is a powerful statistical method and it is quite useful from the
learning analytics point of view. The purpose of correlation analysis is to check the
association between two randomvariables. The correlation analysis plays an essential
role during machine learning model development mainly to build predictive models.
Correlation analysis is useful to investigate the strength of the relationship between
the predicted variable and predictors. It is also helpful to check collinearity between
two independent variables to eliminate redundant independent variables and thus
reduce the number of features required to build predictive models.

The strength of the relationship between two random variables X and Y is
measured by Pearson correlation coefficient when both X and Y are numeric and
continuous variables. The Pearson correlation coefficient r is given by

r =
∑n

i=1

(
Xi − X

)(
Yi − Y

)

σxσy

where, (i) X, Y are mean values of X and Y, and

(ii) Xi, Yi individual values of X and Y.

Table 6.4 A few use-cases ANOVA from literature

Sr. no Techniques Purpose Source

1 ANOVA To interpret patterns of students skill growth from learning curves
for group of students and correlates with performance of groups
of students

[7]

2 ANOVA The impact of different types of background music on reading
comprehension

[6]

3 ANOVA To investigate the effect of choice on student assignment
completion and learning gains. To investigate better performance
between choice group and prescribe group

[8]
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CP DSA
count 69 69
mean 61 61.56
std 14.80 15.67
min 40 40
max 95 95

Fig. 6.3 Summary statistics and scatter plot for correlation analysis

The value of r is always between −1 to 1. A high absolute value of r, i.e. |r|
indicates a strong relationship between X and Y. When the value of r is positive, the
relationship between X and Y is positive. Similarly, X and Y negatively related when
r is negative (Fig. 6.3).

The correlation coefficient is also used to formulate the hypothesis. With r as a
correlation coefficient of a sample and ρ as the population correlation coefficient the
null and alternative hypothesis is formulated as:

H0 : ρ = 0 There is no correlation between two random variables.

H1 : ρ �= 0 There is correlation between two random variables.

The t-statistic is typically used to check the statistical significance of correlation
analysis. It is given by

t − value = r

√
n − 2

1 − r2

6.4.1 An Example: Does a Student’s Performance
in a Course Depend on a Pre-requisite Course?

As an example of correlation analysis we would like to answer the question: Does
a student’s performance in a course depend on a pre-requisite course? A teacher
normally assumes that a student’s performance in a course depend on knowledge and
skill acquired in a pre-requisite course. This assumption can be validated through
the application of correlation analysis.
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Weconsider twocoursesofferedatDBATUat thefirst andsecondyearofB.Tech. in
Computer Engineering program. Courses are C-Programming (CP) and Data Struc-
tureandAlgorithm(DSA)offeredatfirstandsecondyearrespectively.C-programming
is a pre-requisite course for Data Structure and Algorithm. Further, we use the marks
obtained by students in both the courses to analyze the association between pre-
requisite course and the main course. Table 6.3 shows the descriptive or summary
statistics of both courses. The null and alternative hypothesis can be formulated in
this case as given below:

H0 : rcp,dsa ≤ 0.50 : There is no correlation between CP and DSA performance of students.

H1 : rcp,dsa > 0.50 : There is a correlation between CP and DSA performance of students.

We have calculated the Pearson Correlation coefficient for the data described in
Table 6.3, and the value for rcp, dsa is 0.47. Pearson Correlation Coefficient can be
calculated either in Excel sheet or in Python. Corresponding t-statistic value is 3.87.
Critical value of t-statistic is 1.99 which can be calculated using Excel function TINV
(0.05, 67). Value t-statistic is greater than the critical value of t-statistic; so the null
hypothesisH0 is rejected.Also, the p-value is 0.0002 (calculated usingExcel function
T.DIST.2 T(3.87, 67)), which is less than the α value of 0.05, indicating that the results
are statistically significant. Hence, we can claim that students’ performance in DSA
depends on his/her performing in a pre-requisite course on C-Programming.

6.4.2 Use-Cases of Correlation Analysis from Literature

Researchers have used the correlation analysis to investigate the association between
various parameters affecting learning. Few examples of such use cases are listed in
Table 6.5. In Ref. [9], the authors have checked the dependency between students’
confidence level and their performance in a course. An association between recur-
rently generated words by learners and their reading comprehension performance
has been explored in [10]. In Ref. [11], researchers use correlation analysis to study
the association between academic performance with learning strategies and course
feedback in flipped classroom settings.

6.5 Use-Case for Linear Regression Analysis

Regression analysis is a powerful yet simple technique used to build predictive
models. Predictive models attempt to predict the value of a dependent variable or an
output variable from a set of independent or input variables as accurately as possible.
While doing so, the model development methods make certain assumptions. Method
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Table 6.5 A few use-cases of correlation analysis from literature

Sr. no Techniques Purpose Source

1 Correlation It revealed that recurrence indices were
significantly related to the students
comprehension score at both surface and
deep levels

[10]

2 Pearson correlation While writing the journals, grade and word
count are significantly related. No significant
correlation was found between journal grade
and any sentimental levels (positive, negative
and overall sentiment)

[12]

3 Pearson correlation To correlate overconfidence and under
confidence with students’ overall course
performance

[9]

4 Kruskal Wallis test To examine association between learning
strategies and academic performance

[11]

5 Spearman’s correlation To understand student use of digital data,
online services to their own practices of
privacy self management and their relation
and concern about use of their data in the
context of learning analytics

[13]

of Linear Regression Analysis assumes a linear relationship between an output vari-
able and input variables. Hence, this kind of relationship is represented as a linear
equation between input and output variables as given below

Y = β0 + β1x1 + β2x2 + · · · + βnxn

where, (i) x1, x2, …, xn are input variables, (ii) β0, β1, …, βn are coefficients of
input variables, (iii) β0 a Y-intercept, and (iv) Y is an output variable.

In the case of Simple Linear Regression (SLR), we predict an output variable’s
value from a single input variable. The Multiple Linear Regression (MLR) predicts
an output variable’s value from more than one input variables.

Two different kinds ofmodel developmentmethods exist to build linear regression
models. Thefirst one is calledOrdinaryLeast Squaremethod and the second is known
as Gradient Descent Method. The purpose of both methods is to estimate the values
of linear coefficients i.e. β0, β1, β2, …, and βn.

TheOrdinary Least Squaremethod uses a statistical approach to build the regres-
sionmodel thatminimizes the error between predicted and actual value. TheGradient
DescentMethod is an iterativemethod that guesses linear coefficients in each iteration
values to find the best optimal combination of linear coefficients.
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6.5.1 Predicting the Students Performance
from Pre-requisite Courses

As an example to illustrate the application of linear regression analysis, we use the
task of predicting the student’s performance in a course from the prerequisite courses.
We use the same set of courses in the previous section, i.e. C-Programming and Data
Structure and Algorithm. The course C-Programming (CP) is a pre-requisite course
for Data Structure and Algorithm (DSA). In this case, our objective is to estimate the
marks in Data Structure and Algorithm from the marks of C-Programming. Hence,
this is the case of applying simple linear regression. The predictive model can be
described using the following equation.

DSA_Marks = β0 + β1XCP_Marks

DSA_Marks andCP_Marks are themarks obtained in the course onData Structure
and Algorithm and C-Programming respectively.

We have used the Ordinary Least Square method provided in Stats_Model API of
Python programming language to find the values of β0 and β1. The calculated values
of β0 and β1 are 31.00 and 0.50 respectively as shown in Fig. 6.4. Thus the equation
for the predictive model becomes

DSA_Marks = 31.00 + 0.50XCP_Marks

The model has a residual prediction error of 13 means that predicted marks would
be in the range of ±13. This high expected range may be due to weaker linear
strength observedbetweenDSAmarks andC-Programming, i.e., PearsonCorrelation

Fig. 6.4 A summary report of simple linear regression model
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Table 6.6 A few use-cases of regression analysis

Sr. no Technique Purpose Source

1 Regression To find out strong relationship
between pre and post requisite skill

[14]

2 Linear regression To predict learning group
productivity under the given
restrictions or privacy constraints

[15]

3 Regression and root mean square error From the instructor dashboard
prediction of low scored students and
identify students who need help from
peer tutors or instructor

[16]

coefficient of 0.473 only (as seen in previous section). A Course instructor can use
this predicted range of marks to identify students at risk at the beginning of the
course.

6.5.2 Use-Cases of Regression Analysis from Literature

Researchers have used regression analysis for multiple purposes as listed in Table
6.6. One of the everyday use cases is to predict the performance on post-requisite
skill set from the pre-requisite skill set. For example, in [14] authors use the data
collected from the adaptive testing platform andmultiple linear regression techniques
to predict the performance on post-requisite skills.

The authors in [15] use simple linear regression to identify the factors contributing
to the formation well-functioning group when learners share no personal data. The
Ref. [16] use the logistic regression technique to identify the student’s loss of interest
in a MOOC at an early stage from the various engagement factors collected such as
time spent watching videos and submission of assignment.

6.6 Conclusion

A large amount of data is being generated when educational institutes start using
digital technologies such as the LearningManagement System.Knowledge and skills
to analyze this data are required to use this data meaningfully. Teachers can use
various statistical methods to extract meaningful information from this data. The
chapter illustrates applications of a set of such statistical methods in day-to-day
learning activities.

Four statistical methods viz, hypothesis testing, ANOVA, correlation analysis
and regression analysis are described with one example of each method. The use
of these methods depends on the context of application. For example, hypothesis
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testing is useful to conclude by comparing the means of a sample with a population
or known accepted value. At the same time, ANOVA is used to measure the impact
of a common phenomenon on multiple groups. The correlation analysis is used to
check the association among various variables, while regression analysis is useful
for predicting a dependent variable’s values.

We describe a typical example highlighting the context in which a particular
method is appropriate. Further, a few examples from the existing literature have
been briefly described. The illustrated examples in the chapter and use-cases from the
current literature lay the foundation upon which teachers can devise novel use-cases
or experiments to investigate various learning theories’ and their implications.

Appendix: A Primer on Statistical Terms and Definitions

The following are most commonly used terms from Statistics. Here we reproduce
their definitions from [17]

1. Population It is the set of all possible data for a given context.
2. Sample It is the subset taken from population.
3. Types of Data A Data can be broadly classified into four categories. These

are: (i) Continuous, (ii) Discrete, (iii) Ordinal, and (iv) Nominal. Discrete and
continuous data is numeric type data. A continuous random variable such as
temperature may take any value from the number space. A discrete random
variable such as color can take a fixed set of values. For example, red, blue
green etc. An implicit order of hierarchy is understood in case of ordinal type
of variable such performance level may be excellent, very good, good and fair.
No such implicit order is assumed in case of nominal type of random variable

4. Mean is the arithmetical average value of data and is one of the most frequently
measures of central tendency. It is defined as:

μ =
n∑

i=1

xi
n

5. Mode is the most frequently occurring value in the data set. Mode is the only
measure of central tendency which is valid for qualitative (nominal) data since
the mean and median for nominal data are meaningless. In the bar chart (and
histogram), mode is the tallest column.

6. Median It is the value that divides thedata in to twoequal parts, that is the propor-
tion of observations below median and above median will be 50%. Median is
much more stable than the mean value that is adding a new observation may not
change the median significantly. However the drawback of median is that it is
not calculated using the entire data like in the case of mean.

7. Variance It is the average of the squared differences from the Mean.
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Fig. 6.5 Normal distribution

var =
n∑

i=1

(xi − μ)2

n

8. Standard Deviation It is a measurement of how far data is spread out from
the mean, or average. The Standard Deviation is a measure of how spreads out
numbers are. It is typically defined as

σ = √
var

9. Normal Distribution It is a continuous probability distribution that is symmet-
rical on both sides of the mean, so the right side of the center is a mirror image of
the left side. The area under the normal distribution curve represents probability
and the total area under the curve sums to one. It is symmetrical bell-shaped
graph as shown in Fig. 6.5.

10. Co-Variance It signifies the direction of the linear relationship between the
two variables. By direction we mean if the variables are directly proportional
or inversely proportional to each other. Increasing the value of one variable
might have a positive or a negative impact on the value of the other variable.

Covx,y =
∑

(xi − μx )
(
yi − μy

)

n − 1

11. Correlation It is a measure of the strength and direction of relationship that
exists between two random variables. It is a measure of association between
two variables.

12. Pearson Correlation Coefficient measure the strength of the linear associa-
tion relationship using numerical measure
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PCC = Covx,y
σxσy

13. Mean Square Error It measures the average of the squares of the errors i.e.,
the average squared difference between the estimated values (ŷ) and actual
value (y).

MSE =
n∑

i=1

(
yi − ŷ

)2
n

14. t-test is used when the population follows a normal distribution and popula-
tion standard deviation is unknown. It shows how significant the differences
between groups are.

15. z-test is a statistical test to determine whether two population means are
different when the variances are known and the sample size is large. It can
be used to test hypotheses in which the z-test follows a normal distribution.

16. Chi-Squared test It is used for testing relationships between categorical
variables.
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Chapter 7
Impact of Lesson Planning on Students’
Achievement Using Learner Profile
System

Munazza A. Mirza, Khawar Khurshid, Zawar Shah, Faryal Shah,
Andrew Levula, and Aleksandra Klašnja-Milićević

Abstract This study proposed and evaluated a Learner Profile System (LPS), which
is a web-based solution to generate multiple types of learner profiles. The contents of
the profiles include the basic information about the learners, such as, demographics,
preference profile, interest profile, learning styles (LS), and motivational goal orien-
tation (MGO). The pilot study of the instrument, a specifically designed Student
Survey (SS) for the LPS, was conducted on the middle school students (N = 60)
to measure the construct validity and reliability. The internal consistency reliability
of the MGO across two motivational aspects was 0.6530, and the exploratory factor
analysis revealed four components. Afterwards, an experimental study was done on
the middle school students (N = 307), in order to examine the impact of LPS on
learners’ achievement. To supplement the above data, semi-structured interviews
were conducted to explore teachers’ perception and their perspective regarding the
feasibility and use of the LPS. The analysis of the results showed that the groupwhich
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learned using the LPS demonstrated significant improvement in their assessment
scores in comparison to the controlled group. This study supported the hypothesis of
a positive impact on learners’ achievement through the use of personalized learning
profiles.

Keywords Remote learning styles · Learner profile · Index of learning style ·
Student-centered · Learning profile system · Pre-test · Post-test

7.1 Introduction

The traditional lecture-based teaching approach for learning is still being practiced
in most of the schools around the world [1]. This conventional way of teaching
leads to rote learning, where the students are expected to follow the monotonous
routine of listening to the lectures, and reciting the lesson if called upon by the
teacher. Teachers consider it very difficult to develop individualized learner-based
lesson activities. They prefer coming to the class with pre-planned lessons having
no understanding of their students’ background knowledge, interests and learning
needs. As a result, the teachers are unable to engage their students during the lecture,
which leads to low motivation. In order to have a successful learning experience,
learner’s subjective involvement must be taken into consideration.

Educational interventions that emphasize on learner’s personal interests, engage-
ment, attitudes are the key to gain larger goals, such as, enhanced motivation and
better outcome in learning [2]. This however, demands to change the one-size-fits-all
approach to teaching. A heterogeneous classroom needs to be taught by addressing
learning characteristics [3]. Student-centered approach requires knowing individual
needs of each learner and then addressing them in classroom. This pedagogical
approach leads to enhanced engagement, motivation and increase in each student’s
knowledge. If the learner is engaged, she/he will be more devoted, focused and
persistent, and this will make learning a worthwhile experience.

To cultivate engagement and motivation in learning process of educational expe-
rience, learner-centered approach is required [4]. In learner-centered approach, the
focus is on learners’ needs, their autonomy and independence. Students are provided
with opportunity to explore their capacities, interests and skills [5]. Student-centered
approach demands teachers to know their learner’s needs, which requires develop-
ment of comprehensive learner profiles. Powell and Kusuma-Powell, suggested that
teachers can use learner’s information to unlock their learning potential [4]. Liter-
ature supports the effectiveness of the student-centered approach, [4–10, 5] useful-
ness of learner profile [11–14] and the digital tools [15–17] that help the teachers to
attain learner profiles for designing instructions. However, there is no literature on
standardized, concise and comprehensive tools that help in developing the learner
profiles.

Learner profile is a collection of broad data that provide specific information
about the students. It provides the ways that help teachers design instructions with
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respect to their learner characteristics. The basic information of the students is gath-
ered usually when they are enrolled in school. Later, several diagnostic approaches
can be used to develop in-depth understanding of the learners’ needs. To identi-
fying learners’ characteristics, development of learner profile is an appropriate way
for providing quality education. These learner profiles provide the essential infor-
mation for student-centered instructional designing. There are various elements of
learner information to develop learner profile. Teachers usually use learners’ perfor-
mance data and information related learning disabilities sometime to understand
their students. For providing individualized learning experience, teachers must know
more than student’s name, age, family background, friends, and this demands system-
atic way i.e., development of learning profile [4]. The better a teacher understands
learners’ differences, the more she/he can accommodate their learning needs [18].

In Pakistan, teachers use lecture-based approach to teach,where students passively
receive information; this causes lack of motivation and engagement. It is challenging
to change traditional culture of chalk and talk in classroom. Teacher thinks that it
is impossible to cater individual differences in their pedagogical approach. Teachers
use the same teaching methods as they were taught. They think that they have high
workload and limited time, which does not allow them to put extra effort to improve
the quality of teaching [1]. Parents are paying high tuition fees willingly so that
their children can learn skills and capabilities that will help them lifelong. Learners
cannot reach their potential unless they are fully engaged and motivated to do the
required hard work. 95% of students are enthusiastic learner in kindergarten, but
37% of student loses their love of learning as they reach secondary level [2]. It is not
enough to present instructional material in orderly manner, use experiential approach
and provide feedback for effective teaching. Quality educational experience requires
student-centered approach. Students are only motivated to adopt deep learning tactic
when teachers are more involved with students to know their learning needs [19].
To provide quality education, motivating students by providing engaging learning
environment, there is need of investment on teacher’s qualification and more specifi-
cally the resources that assist teachers to improve their instructional design. Effective
contextualized and relevant, learner-centered pedagogy is a key ingredient for the
quality education. It is ultimately linked with the learner’s motivation, engagement,
skill building and performance [20].

Teachers in Pakistan need resources to assist in reducing their workload and
manage their time. This can help them develop instructional strategies for student-
centered approach and quality ensured educational experience. Thus, the purpose of
the study is to develop a web based LPS that provides teachers with comprehensive
and concise learner profiles so that they understand the learner’s characteristics.
This can assist the teachers in understanding their learner’s individual requirements
for learning, which further aids them in learner-based instructional designing. A
quantitative technique, the quasi-experimental pre- and post-test method, was used
to evaluate the impact of the instructional approach based on learner profile for
mathematics and Urdu Language performance. Teacher’s perception regarding the
use of LPS for the instructional designing is also acquired, which aids this study to
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understand the impact of LPS for instructional designing and improve the LPS in
future.

7.1.1 Research Questions and the Associated Hypotheses

RQ1: Is there a positive impact of learner profile-based instruction on student’s
achievement?

RQ2:What is the teacher’s perception on the use ofLPS for instructional designing
and implementation?

RQ1 is sought to derive following null hypotheses:
Hypothesis 1 (H01): There is no difference found in the achievement of 8th grade

mathematics students who were taught through instructional design using learner
profile system in comparison to the controlled group.

Hypothesis 2 (H02): There is no difference found in the achievement of seventh
grade language (Urdu) students who were taught through Instructional design using
learner profile system in comparison to the controlled group (H02).

RQ2 explores the qualitative aspects of use of LPS for instructional designing to
have in-depth understanding of intervention.

7.2 Literature Review

Students are only motivated to adopt deep learning tactics when teachers are more
involved with students to know their learning needs [5, 19]. However, in Pakistan
teachers are performance oriented, relying on textbooks only without creative and
advanced pedagogies to enhance individual learner’s capability [1]. The supportive
climate and cognitive activation through teaching strategies benefits heterogeneous
classroom a great deal and plays a vital role on student’s performance [21]. To
meet the need of heterogeneous classroom, teachers need to consult learners in the
instructional design process and attain information regarding learner preferences [22,
23], learner’s motivational aspects [24] and interests [5, 7, 12].

Hulme et al. [25] stress on language learning abilities for the communication
and learning in classroom and suggested that when activities are planned to teach
language skills, significant improvement in the oral language and reading compre-
hensions are observed. Literature implies thatwhen activity sheets are used to identify
the learner’s interest it leads to enhancemotivation and engagement [12]. Chamberlin
and Powers[7] developed learner profile based on learning preferences and interests
and found it rewarding in terms of enhanced mathematical understanding.

Knowing about the student benefits to form a constructive teacher-student connec-
tion increases the trust between the teacher and students [24]. Park et al. [11],
suggested a learner profile system through multidimensional characteristics anal-
ysis (i.e., memory, concentration, visual perception, learning condition and teacher
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assessment of learner) using real-timemonitoring system. The learner profiling had a
positive impact on improving learning,motivation, satisfaction and cognitive abilities
[11], but the suggested process was very long and unrealistic to use in classroom.
When student’s individuality needs to be addressed in the teaching and learning
process, there is a need to take an account of learner’s accessibility [6]. Wang et al.
characterized students to four profiles (i.e., surface understanding, passive, mixed,
and high engagement) and implied that students with high engagement profiles were
associated with the best mean value of academic achievement [13].

The learning profiles aid in identifying the learning characteristics and LS [9].
LS can be described as the learner’s tendencies to, interact, perceive, process and
respond to information in educational environment. LS supporters advocate that in
order to provide optimal educational environment for learning, diagnosis of indi-
vidual LS is necessary. LS are a key factor when learner’s diversity needs to be
addressed [26]. Student and teaching LS need to be match as they affect the learning
outcome of students [27]. Its relationship has been associatedwithmany factors, such
as, achievement, motivation, gender, occupation, academic programs, geographic
location, instructional designing, special education [26, 28]. Identifying LS and
adjust instructional design accordingly helps improve LS [29–32]. The secondary
school students’ achievement for technological literacy is significantly associated
with addressing LS [32]. Among the experienced higher studies educators, 33%
would continue to use LS inventories for better outcome and 58% educators think
that LS benefits individualized learning [33].

After extensive literature review it has been found that Felder-Silverman Index of
Learning styles (ILS) tool is most suitable for identifying the learning characteristics.
ILS is a free self-administered 44 items tool. It is a concise and comprehensive tool
to identify learning style in light of four dimensions of educational experience (i.e.,
processing, perception, input, understanding). Each dimension is further allocated
in contradicting learning style. Hawk and Shaw reviewed most readily used LS
instruments (i.e., Kolb instrument, GSD, VARK instrument, Dunn and Dunns PEPS,
ILS), which educators use to identify student’s LS before instructional designing
[31]. The validity of the ILS has been reported by various studies [30, 34–37]. In
a recent study, differentiation was applied to improve the mathematic performance
of senior secondary school students on the basis of learner information gathered
through Felder-Soloman Index of Learning Styles (ILS), [23]. Awofala and Lawani
reported high reliability of ILS tool i.e., 0.92 and suggested significant improvement
in academic performance when differentiated instruction was applied after using
learner’s information using ILS [23]. When LS of 40 nursing students were assessed
through Kolb experiential model, it positively influenced on teacher’s satisfaction
and learner’s achievement, [38]. But Kolb instrument reliability and validity are
questionable [39].

Ross et al. [40] used GSD instrument to identify LS relationship with outcome
and found positive association, however instrument is moderately reliable with low
validity [41, 42]. The validity of the VARK instrument is not reported by any research
other than Fleming’s own research study [31]. Dunn and Dunn PEPS is a 100-item
commercially available and length tool and the validity of the instrument is being
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challenged [43]. Students should not be labeled with LS but the main purpose is to
understands students learning preferences. Instructional objective ought to train their
learners with abilities related to every learning styles category irrespective of their
learning styles [18, 44].

Teachers also need to know, how learners get motivated to keep them engaged
in learning process and better performance [45]. Motivational orientation towards
learning is considered a strong determinant in instructional approaches [46]. Teachers
can educate best by understanding their student’s needs, reason behind motivation
and act upon it [24]. El-Adi and Alkharusi employed a descriptive research on 238
ninth graders and suggested that learners intrinsic and extrinsic motivation is posi-
tively related to learning outcome and self-regulated learning [47]. Student’s learning
is usually derived from two kinds of goal orientations; i.e., mastery/ intrinsic and
achievement/extrinsic goal orientation. Teacher’s instructional strategy is signif-
icantly related to learner’s intrinsic and extrinsic motivation [45]. Primary and
secondary grade students exhibited positive motivation when school accentuates on
intrinsic motivational approach, such as, skill-based learning and better conceptual
understanding to improve knowledge [48]. A teacher can play an important role to
influence learner’s motives, beliefs and goals through interpersonal bond and impact
learner’s force of motivation [49].

Rawat and Dwivedi suggests that to increase academic performance personalized
learning experience need to be provided which is based on learner’s profile [50].
In a recent study, the technological system that help develop learner profiles are
considered as one of the vital pillars for providing personalized instructions [5].
Thus, researchers admit that development of learning profile for lesson planning has
positive impact on learning experience [11, 13–17]. But there is no standard way of
development of learner profile that includes all aspects of learner’s characteristics
including motivation, interests, LS etc., in the literature. The study proposed and
evaluated a web-based system to develop learner profile.

7.3 Methodology

7.3.1 Learning Profile System—The Web Portal

The study purposes a web-based system that provides comprehensive information
about learner’s characteristics and requirements for instructional planning. The use-
case diagramofLPS is shown in Fig. 7.1. There are three prospective users ofwebsite,
admin, teacher and students. The layout of the website (LPS) was kept simple and
easy to use. The admin adds the school and Users (Teachers/students) as shown
in Fig. 7.2. Then website link will be generated for specific school, which will be
provided to school to access LPS. User and its grade need to be assigned by admin.
If users (teacher/students) could sign up themselves, the sign-up-request will be sent
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Fig. 7.1 The use-case diagram of LPS. *PD = Professional development, LCS = Learning
characteristics of students

Fig. 7.2 Admin view of the portal

to admin. This allows users to have their own ID through which they could sign in
the system as shown in Fig. 7.3.

Students’ role is to fill the surveys as shown in Fig. 7.4. Once the surveys are
filled, they can submit and sign out and teacher can access their profile by signing in
through their account then selecting the class and student name as shown in Fig. 7.5.
As illustrated in Fig. 7.6, teachers can also assess the collective class profile.



128 M. A. Mirza et al.

Fig. 7.3 Sign Up/Sign in forms

Fig. 7.4 Student’s view of the portal

7.3.2 Instrumentation for LPS

The online available tools to develop learning profile lacks information required to
comprehend tools, also have nonexistent validity and reliability report in literature.
To collect learner’s information required for LPS, two instruments were used which
are:

1. Index of learning style (ILS) survey comprising 44 items [51]. Validity and
reliability of ILS is reported by various studies [30, 34–37].
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Fig. 7.5 Teacher’s view of the portal to access learner’s profile

Fig. 7.6 Teacher’s view of the portal at the cohort level

2. Students Survey (SS), which is specifically designed for LPS. The SS is
comprised of two sections. First section is comprised of the items related to
the basic Profile: demographic information, contact information, and prefer-
ence information as mentioned earlier. Second section consists of 11 items to
diagnose motivational goal orientation (MGO).

The following information was collected to develop learner profiles for LPS:

1. Ersonal Data: It comprises questions related to learner demographics i.e., name,
age, grade, gender, institution, email, and phone number.
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2. Accessibility Data: It includes learner’s preference profile i.e., language prefer-
ence for mode of instruction, the learner’s interests, any technology they have
available to support their learning, help-seeking (friend they like to work with
and support learner needs to study outside their school such as tuition etc.).

3. Learner Preferences: Learner preferences were identified by index of learning
style (ILS) survey [51], that comprised of 44-items. It is the self-scoring instru-
ment that assesses students, learning styles on four pairs of dimensions. These
dimensions are i.e., visual or verbal, sensing or intuitive, active or reflec-
tive, sequential or global. ILS provides information regarding the way learner
prefers to receive, process, perceive and understand information. ILS provides
a comprehensive picture of learning preferences for instructional strategies.

4. Motivational Goal Orientation: Motivation involves the various reasons that
drive learner to work [44, 47]. 11 itemed tools called Students Survey (SS),
was developed to identify student’s motivational approach i.e., extrinsic goal
orientation or intrinsic learner goal orientation based on literature. The litera-
ture supports that student’s motivation depends on intrinsic vs extrinsic [52],
mastery-based learning vs performance-based learning and approach (success)
vs avoidance (failure) [13]. Similar to ILS, SS has two inclinations for one-
dimension i.e., motivation goal orientation. The bipolar dimensions are intrinsic
motivation or extrinsic motivation. The SS was also scored in the same manner
as ILS.

7.3.3 Pilot Study

A small-scale trial for pilot study was conducted to ensure the validity and reliability
of the instrument using a paper–pencil form. Content validity of the instrument SS
is established by having the instrument reviewed by panel of experts as suggested
in [53]. The changes were made after carefully considering the provided feedback.
After approval of experts, the instrument wasmade available to the students (N= 60)
for a pilot study. Twenty-two semi filled survey forms were exempted from analysis.

The basic profile requires data that is unique for each learner, such as name,
age, grade, gender, institution, email, phone number, language, interests and tech-
nology preference. Therefore, internal consistency reliability and construct validity
of these items cannot be identified or required for the SS validation. Hence the
inter-consistency reliability and construct validity of MGO was examined. Litera-
ture supports the argument that a large number of participants are not essential for
the pilot study, to test the validity and reliability of an instrument [53]. The pilot
study was done on 60 secondary grade students of a private school.

The Internal Consistency Reliability

The internal consistency reliability across two motivational aspects was 0.668 of the
MGO as shown in Table 1.
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Table1 The statistical
evidence of reliability of
MGO

N Cronbach’s alpha Mean SD

38 0.668 8.55 2.127

Construct Validity of MGO

The factor structure using EFA approach provides the evidence of construct validity
for the MGO. The sample adequacy was established through Kaiser–Meyer–Olkin
and Bartlett’s test of Sphericity as shown in Table 7.2. The KMO index of more than
0.50 is considered suitable for EFA [54]. Moreover, Bartlett’s test of Sphericity is
also less than 0.05. Hence the sample is considered suitable for EFA.

The four-factor solution was estimated using scree test that involves the examina-
tion of the eigen values shown in Fig. 7.7. The number of data points above the bend
in scree plot clearly shows extraction of four factors. Principal Component Analysis
(PCA) was used as an extraction method with Orthogonal Varimax rotation.

Factor one loaded on 5 items and factor two loaded on 6 items.However, item3 and
8 loads onboth factor 1 and2.Therefore, item3and8 relates to perception of taskwith
intent of performance. Once the items were isolated with respect to the high loadings
in the resultant matrices, the factors were descriptively labeled. Table 7.3 depicts the

Table 7.2 Sample adequacy analysis

Kaiser–Meyer–Olkin measure of sampling adequacy Bartlett’s test of sphericity

0.620 Chi square 131.892

df 55

Sig. 0.000

Fig. 7.7 Scree plot for factor analysis extraction of MGO
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Table 7.3 Four factors analysis using the student surveys along with the description of the factors

Item no Factors Description

1 2 3 4

9 0.901 Perception of tasks or learning as an intrinsic or
extrinsic learner10 0.926

11 0.848

8 0.665 0.444 Perception of task and intent of performance as an
intrinsic or extrinsic learner3 0.457 0.503

4 0.533 Intent of performance as an intrinsic or extrinsic
learner5 0.743

6 0.468

7 0.704

1 0.881 Ease in task or learning as an intrinsic or extrinsic
learner

2 0.923 Learning vs performance

summary of items in each factor along with description of the factors. The construct
reveals the theoretical intent.

The combination of reliability estimations and factor analysis provides the
evidence of validity of SS. Once the SS was validated, it was included in the LPS
along with ILS and basic profile information items.

7.3.4 Research Design

To evaluate the effectiveness of proposed web-based Learning Profile System, the
research design was quasi-experimental with predominantly quantitative nature with
some qualitative aspect.

Participants

The participants of the research were learners, recruited using purposive sampling
from 7th Grade Urdu (language) teacher and 8th Grade Mathematics teacher at a
private school of Capital city of Pakistan, with ages ranging 11 through 14 years.

Thus, Urdu and Mathematics teachers were approached in the selected school.
Urdu is the national language of Pakistan. It is also spoken in other South Asian
countries such as India, Afghanistan and Nepal. There are 60.6 Million people who
speakUrdu as their first language and 40million as a second [55]. Shah [55] proposed
that majority of schools, private and public, are failing their responsibilities in terms
of Urdu language learning. Students findmathematics and Language (Urdu) subjects
most difficult. Additionally, there is non-existent literature on Urdu learning and its
effect on student achievement. Mathematical achievement is directly related to the
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mathematical anxiety [56]. Zakaria andNordin[57] suggested that students with high
mathematics anxiety in secondary grades have notably lower performance and also
implicated that teacher needs to be aware of learner needs and preferences for lesson
planning. Berger et al. [58] state that mathematics is vital subject and teachers need
to know their learners to able to tailor pedagogies to enhance learner’s interests.
The teachers of both subjects and grades were also the subject coordinators and had
almost same level of education (i.e., MA and M.Ed). The collective sample size was
307 students in the experimented group and controlled group. For Language course,
four sections of 7th grade students were the participants of the study and the sample
size comprised of 75 students for experimented group of two sections and 74 students
for controlled group of two sections. For Mathematics course, four sections of 8th
grade students were the participants of the study and experimental group consists
of 80 students from 2 sections, whereas 78 students from two sections were in the
controlled group. The subject school wanted to keep the class structure intact, thus
experimented and controlled group were not made within the class.

Experimental procedure

The experiment took 8weeks as shown in Fig. 7.8. The course content selected for the
experiment was taught in the first term of the annual year however experiment was
conducted at the end of the year during last (i.e., 3rd) term. Thus, all the students were
familiar with the fundamental concepts of the course content. For two consecutive
days, revisionary classes were arranged to revise the course content using traditional
approach and then pretests were administered for both subjects (i.e., Urdu Language

Fig. 7.8 Experimental setup for the study



134 M. A. Mirza et al.

and Mathematics) on the 4th day with a gap of one day. On 5th day learner profiles
of students of experimented groups were composed using Learning Profile System
in school’s computer lab and LPS based personalized-lesson-plans were developed
in collaboration of teachers and researcher. All the participants of experimented
group were taught using personalized instructions from 2nd to 5th week. However
traditional approach of teaching was used for the controlled groups. To evaluate the
effectiveness of the LPS based instructional approach, in 6thweek, both experimental
and control group students were asked to finish the post-tests. To analyze data, the
difference between the scores of the pre- and post-tests was dependent variables, and
the lesson plans (i.e., traditional VS LPS bases lesson plan) were the independent
variables.

The key purpose of the study was to evaluate the effectiveness of LPS for
instructional designing; therefore, teacherswere interviewed additionally using semi-
structured interviews after one-week gap. In the gap of one week, teachers prepared
results of post-tests and had a parent teacher meeting to discuss student progress
with parents. The aim of the interviews was to attain the insight of teacher’s percep-
tion with respect to use of LPS for the instructional designing. The interviews were
audiotaped and later transcribed. The transcribed interviews were later categorized
under themes through manifest content analysis.

Pre- and post-tests design

To evaluate the impact of LPS based instructional designing, pre- and post-tests
were administered. The knowledge assessed were covered in the course that is the
lesson delivered in the 4-week lesson implementation for mathematics and 4-week
lesson implementation for Urdu administered consisting of carefully chosen learning
content form Cambridge Mathematics Curriculum and National Urdu Curriculum.
Assessment approaches that were adopted for mathematics were filling in the blanks
and short questions and answers. For Urdu, fill in the blanks, short and long question
and answers were used as an assessment approach. The topic, type, difficulty and
distribution of questions and scoring scheme was the same in pre-test and post-test
to ensure the reliability of instrument [53]. Total marks for both pre-test and post-test
were 20. Students were given 60 min to complete mathematics pre-test and post-test
and 40 min to complete the Language (Urdu) tests. The validity of pre-test and post-
tests was established through the traditional idea of content validation. This involves
confirming that the test measures certain aspects, requires the focus on curriculum
design to meet the needs and abilities of learners and social norms [59]. The approval
was obtained from several teachers through amoderation formabout the acceptability
of pre-test and post-test, which were very much aligned with the curriculum of each
subject [60].

Teachers remain in the classroom during both tests for motivation and support,
such as helping students understand the asked problem. To keep the same method of
assessment for controlled and experimental group, both pre-test and post-test were
conducted on paper worksheets. The marked tests were recorded and analyzed using
the Statistical Package for the Social Sciences (SPSS).
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7.4 Results and Discussion

The conduction of pretest helped evaluate respondent existing knowledge before
intervention. This helps to understand the level of improvement achieved by learners
after receiving the necessary treatment. The pre-test and post-test were not normally
distributed for both control and treatment group. Thus Mann- Whitney U-test equiv-
alent to Independent Sample-test was used to find the significant difference in score
between the groups.

The statistical analysis of the pre-test scores for the control and experimental
groups for Urdu Language and Mathematics is shown in Table 7.4. For pre-test, the
p- value for theMann–Whitney U-test in Urdu language andMathematics is p > 0.05
that shows children in both groups possessed the same level of knowledge before
the treatment was applied (Mathematics groups, z = −2.006, p = 0.045) and (Urdu
language groups, z = −2.327, p = 0.02). Therefore, level for knowledge before the
intervention for all the groups were at the same level.

The quasi-experimental design helps determine the statistical difference between
the control and experimental groups after applying the intervention. Table 7.5
provides the statistical analysis of the post-tests scores for control and experimental
groups. The results given in Table 7.5 show that there is a significant difference
between pre-test and post-test scores obtained from the controlled and experimental
group of Mathematics (U= 1975.5, z=−3.997, p= 0.00 < 0.05) in favor of exper-
imental group, was in agreement with the results of recent study done on secondary
students inMathematics [23]. This result shows that learner’s academic performance

Table 7.4 Mann–Whitney U-test results of the pre-test scores in each group

Group N Mean rank Sum of ranks U Z

Experimental group mathematics (EM) 80 72.13 6934.5 2.546E3 −2.006*

Controlled group mathematics (CM) 78 86.68 5626.5

Experimental group urdu (EU) 75 83.15 6236 2.164E3 −2.327*

Controlled group urdu (CU) 74 66.74 4939

* p < 0.05
**p > 0.05

Table 7.5 Mann–Whitney U-test results of the post-test scores in each group

Group N Mean rank Sum of ranks U Z

Experimental group mathematics (EM) 80 93.81 7504.5 1975.5 −3.997*

Controlled group mathematics (CM) 78 64.83 5056.5

Experimental group urdu (EU) 75 88.31 6623 1777.7 −3.799*

Controlled group urdu (CU) 74 61.51 4552

* p < 0.05
**p > 0.05
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in mathematics enhances, when student centric learning experience is designed on
the basis of learner’s information, such as, learning style [23].

When instructions are designed after the development of learner profiles, it had a
positive impact on the learning process, learner’s comfort level, confidence in their
performance abilities and learning outcome [9]. The findings of present study suggest
that students perform differently with respect to learning characteristics with posi-
tive impact on learning outcome. Therefore, it is necessary to examine learner profile
before instructional designing for enhanced learning experience. These findingswere
in lined with a study done to develop learner profiles using multi-dimensional char-
acteristics analysis by [11] and another study done by [50] where cluster analysis was
used for learner profiling in an e-learning system. Rawat and Sanjay recommended
that learner profile can enhance academic experience as well as learner outcome [50].

For Urdu Language experimental group, (U = 1777), z = −3.799, p = 0.02 <
0.05), the significant difference is in favor of experimental groupwhich is alignedwith
previous research [8, 10]. Learners whose teacher differentiated more activities on
basis of learner’s characteristics, perform better than teachers who differentiated less
[61]. Hulme et al. results also suggest that outcome of language intervention produce
significant improvement in academic performance [25]. So, it can be concluded that
addressing learning characteristics such as learner preferences, interest, preferred
language, help seeking profile and motivational profile in instructional designing
can help achieve the learning goals and better outcome.

Basedon the statistical evidenceprovided in the tables above, there is an increase in
the performance of the learners after the intervention. This suggests that the approach
benefited the students in both subject areas (i.e., Urdu Language and Mathematics).
The statistical analysis of significant value suggests that the hypotheses (H01and
H02) were rejected and these findings are aligned with [61].

Through Mann–Whitney U-test, a significant difference was found in favor of
experimental group in both subjects (Mathematics and Urdu), indicating positive
impact on learner’s outcome when the instructor used LPS for lesson planning.
The difference in performance of the groups can be related to a number of factors.
The instructional strategies are a vital factor to enhance the interests. In traditional
classroom, usually a teacher has to cater several learners at a time and student has
passive role that impedes their learning. The findings of Wang, Liang, Lin and Tsai,
suggested Junior high school learners with passive learner profile showed the lowest
mean score for Mathematics performance in comparison with active learner profile
[13].

To attain the objective of study, semi-structured interviews of teachers were also
collected to understand the effectiveness of intervention. Several themes emerged
through manifest content analysis, which are achievement, teacher’s effort, teacher
strategies, timemanagement, learner’s engagement, motivation and relationship with
stakeholders. Teachersmentioned that learning outcome is an important aspect which
were enhancedwhen learning characteristicswere addressed usingLPS, for example,
Urdu Language teacher shared that ‘[… Because it is important for teacher that
students perform better in exams…. it helped improve grades which is concern of
teacher, parents… they stayed engaged in class, and were more attentive, so their
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results have improved…]. Literature supports this as well that students with high
engagement profiles are associatedwith the bestmeanvalue of academic achievement
[13].

Mathematics teacher also shared that LPS makes it easy to understand learners
and help them at an early stage, she said: ‘It almost takes months to understand a
class interests, their behavior, their strengths and weaknesses. This may be the reason
that first results of students are usually not good because teachers do not know them
well. After first monthly test we get to know learner a bit e.g., a student that answer in
class but unable to work in written class or otherwise…. LPS will help teacher know
learners from the first lecture, plan lessons with respect to their needs then student’s
results will not suffer…Students enjoyed the project I gave them with respect to
their interests and performed quite well…’. Inguva et al. also state that diagnosis
of learning attribute using learner profile makes it easier to know factors required
for successful pedagogical approach [62]. Similarly, Rawat and Dwivedi agrees that
when learner profiling is done to provide students centered educational experience,
it leads to positive learning outcome [50].

Surprisingly, teachers also mentioned, LPS reduced their workload, it reduced
the time required to do their task and helped a lot in planning instructions with
respect to learner’s needs. Urdu teacher said ‘… I usually teach traditionally when
I have limited time to complete course, but website helped me to know my students
better, I can quickly integrate several strategies in one lesson…Because of motiva-
tional and style profile, it was very easy to assign roles to students for project on
topic pollution… I get to know what kind of technology is available at their home,
so I made a group for projects accordingly…LPS had several strategies options
given with respect to learner’s type… I found strategies helpful while lesson plan-
ning…It was easy to make results reports where I access learner’s profile and was
able to access the information to inform parents…’. Literature also relates the work-
load with a satisfaction level of teachers [63]. Another study used semantics web in
education and used software agents to help teachers to distribute their workload by
performing their tasks and reported satisfaction [64]. Teachers also mentioned that
LPS helped in providing a clear picture about their students to parents as expressed
by Mathematics teacher ‘[…Parents need a clear picture. I usually discussed about
each student collaboratively in staffroom to understand learner characteristics and
then write comments regarding learning behaviors, strengths and weakness in report
cards…]’. The aspect of engagement and motivation surfaced various times in the
interview with both teachers. Motivation was expressed in regard to students using
the conceptual knowledge in daily life and connecting information to the prior knowl-
edge. Teachers described that when learner’s interests were addresses their level of
enjoyment, attention enhanced a great deal as described by Mathematics Teacher..‘I
grouped learners with respect to their help seeking, interests, technology preference
profile to do an activity on Edmodo… students were very happy to work with their
friends and there were no complaints about home assignment… a parent told me
that his son enjoyed his homework and did it all by himself…mathematics required
more practiced and revision at home, I noticed that student started to practice more at
home once their personal preferences were tackled in class… they did not find their
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work as burden and it helped improve their progress…’. A qualitative case study
on middle school students was matched with these findings that students are more
motivated to learn on their own when they feel cared using personalized learning
approach [24].

Urdu Teacher also mentioned ‘…It is usually difficult to keep boys engaged in
class specially when content is revised, I motivated students by providing them
prompt feedback and positive reinforcement as suggested for extrinsic learner in
website…’. The literature supports this aspect of the educational experience. [24]
suggested that meeting the needs of middle school learner promotes the sense of
enjoyment, engagement, and motivation in learning.

Urdu teacher stated ‘…I valued the use of conceptual knowledge in daily life, I
found Pashto speaking students used more Urdu vocabulary with their friends that
they learnt in class.’ Hulme et al. study also agreed that language capabilities are
crucial not only for social interaction but also for better learning process [25].

Harris and Goodall [65] emphasizes on parent’s role in learner’s achievements
but stated that parents are often difficult to reach, but in present study, Language
teacher explained ‘… I used contact information when I observed a student who
was continuously disengaged in the class… She further explained ‘… I planned
activities usingwebsite…itwas very helpful formy teaching’.Hulmeet al. suggested
in the recent study that use of technology and language intervention enhances the
reading comprehension [25]. An interesting aspect of student teacher, parent-teacher
relationship also emerged in the in interviews responses. Teachers explained that
when in limited class time, they used their motivational and interest profile and each
learner felt personally cherished. This had very positive impact on student’s rapport
with teacher. These findings are aligned with Ellerbock and Kiefer, who states that
enhanced interest in learning leads to positive teacher students’ relationship [24].

Math teacher stated: ‘…I have student information in chunks meaning an unorga-
nizedmanner… I usually discussed about each student collaboratively in staffroom to
understand learner characteristics and thenwrite comments regarding learningbehav-
iors, strengths and weaknesses in report cards…LPS helped know learners better and
provide comprehensive report to parent to satisfy them in parent teacher meeting…’
This is also suggested by the Harris and Goodall that involvement of parents and
understanding theirchildren’s learningprogresshelps improveacademicperformance
[65]. According to Yazdani et al. literature extensively focuses on positive impact on
learning experiences of students whose parents and teachers have good relationship
and timely involvement of parents in teaching and learning experience [66].

Additionally, Mathematics teacher shared her concerned regarding use of LPS
that it required internet availability and power, which is sometimes unavailable by
saying’if I have to use the LPS to provide information to concerned parents or admin-
istration in a short notice and internet is not available I would not be able to use it…
Urdu teacher also mentioned ‘[…it would be better if I could access the student
information off-line somehow, or able to print it…]’.

An important aspect of using LPS was mentioned when teachers shared that
students should not know about their learning styles at secondary level otherwise,
they would restrict themselves of learning styles. This concern was supported by the
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reviewed literature, which suggests that the optimal teaching style is a well-adjusted
one, in which the pedagogical approach caters to all learning styles. Teachers need
to teach in a way so learners are forced to learn through other learning styles as well
[34, 44].

Although the results of the present study are promising, but there are several limi-
tations that needs to be taken in account before applying it to other research settings.
The time period of intervention was only 8 weeks. Long term retention of knowl-
edge many have been affected as pre-test and post-test were carried out within this
time period, thus time period of the study needs to be extended. This may also help
understand better perception of teachers towards the use of LPS for lesson planning.
Moreover, the present study only validated the Student Survey built-in web-based
learning profile system for the secondary grades. The future study can validate the
instrument for elementary and post-secondary level. Thus, elementary and post-
secondary teachers and students can also get benefits of web-based learning profile
system. Additionally, teachers showed their concerns related the internet available
for the use of LPS. For further study, LPS can be improved so that it allows teachers
to access information off-line and then teachers’ perception of issues regarding LPS
can be studied. Factors such as limited period of intervention, limited teaching time,
mixed ability student and variability between the lesson implementation of same
teacher may also influence [67]. Furthermore, in qualitative data, several aspects
of learner profiling were indicated by teachers such as engagement, the motivation
for self-learning, stakeholder’s relationship, influence on teacher’s timemanagement
and effort. Future studies can focus on the aforementioned aspects and use a qual-
itative approach to understand the impact of all these aspects with respect to other
stakeholders such as school heads, parents and students. In the present study, a purpo-
sive sampling method was used because it enables to squeeze a lot of information
out of the collected data and is extremely time and cost-effective method. However,
probability sampling method needs to be used in future studies to ensure significant
representativeness of the larger population of interests.

7.5 Conclusions

The purpose of the study was to develop and evaluate a computer-based platform
i.e., Learner Profile System, that provides comprehensive and concise learner profile
information to the teachers so that they understand learner’s characteristics. This
will assist the teacher in understanding their learner’s individual requirements for
learning,which further aid them in student-centric instructions. The impact of instruc-
tional design based on learning profile is then mapped with learner’s achievement.
Teachers’ perception of the use of LPS for the instructional designing was also
acquired through a semi-structured interview,which aided this study in understanding
the impact of LPS for lesson planning and to improve the LPS system in future.

The findings of the study showed that LPS is a useful tool to develop learner
profile for instructional designing. The results showed that there is a potential for
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LPS to be beneficial for mathematics and language teaching at the secondary level.
By using the web-based learning profile system, it will improve the effectiveness
of learning experience and it would lead to quality oriented educational experience.
The adoption of LPS for lesson planning can make personalized learning possible
in schools. The student will be able to enjoy their learning experience, engagement,
improved learning outcomes and lifelong learning. The adoption of LPS for instruc-
tional strategies will also lead to job satisfaction for the teachers. It will also be
helpful for teachers to develop an in-depth report of student learning characteristics
and performance to inform school heads and parents.
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Chapter 8
Towards an Understanding of Student
Digital Ecosystems for Education

Peter Ilic

Abstract Today, it is still unclear to what degree and in what ways students have
embraced information and communication technologies for educational purposes.
For this reason, curriculum designers remain uncertain what the impact these tech-
nologies are having in the modern classroom. At the same time, educators are faced
with a diverse array of available devices, which students seem to effortlessly move
between. These shifting and blurred boundaries that determine device use have added
to the already complex blending of traditional and nontraditional learning environ-
ments. All of this creates a significant challenge to those who recognize the inherent
positive affordances offered by today’s technologies but are unsure of how they
can be incorporated into the curriculum. The goal of this chapter is to shed light
on this issue and take an initial step towards mapping students’ digital ecosystems
to enable course design that better fits student learning expectations. Meaningful
contextualization of technologies and learning environments requires a clear “map”
of the learners’ current technological adoption and the learners’ perceived useful-
ness of those technologies to specific learning contexts. In this chapter, methods
were employed to obtain a better understanding of the participants’ degree of tech-
nological adoption and practice in relation to collaborative educational activities.
Insight into the structure of Japanese university students’ digital ecosystems were
developed by first capturing participant activity in log data. Then Kernel-Based Prin-
cipal Component Analysis (KPCA) was applied to data on read and post activities
over one academic year. There were several key findings that may inform curriculum
designers. First, the frequency of read access relative to post access fluctuated signif-
icantly after the first few activities. Second, there was a consistent decrease in all
online activity over the entire academic year. Third, the number of read accesses
was always greater than post assesses over all the activities. Fourth, and of partic-
ular interest, students appeared to favor mobile and non-mobile devices at different
times during the activities, which suggests they are selectively utilizing different
affordances. If this is the case, it would be an insight into how they are shifting
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between device types depending on the context and purpose. The overall results, as
well as implications for education, were discussed, along with suggestions for future
research.

Keywords Digital ecosystem · Collaborative learning · EFL · m-learning · KPCA

8.1 Introduction

Leaders in higher education are facing growing skepticism of the value of traditional
education systems and calls for greater accountability when these systems do not
appear to achieve success. In this challenging time, it is imperative that educational
institutions create strategic plans that ensure the best outcomes for students and
communities. Efficiently utilizing the affordances offered by today’s information
and communication technologies (ICT) brings educators closer to this goal but will
require a clear understanding of what affordances students perceive in these devices
and how they move information effortlessly between them.

Today, it is still unclear to what degree and in what ways students have embraced
ICT for educational purposes. For this reason, curriculum designers remain uncer-
tain of the impact these technologies are having in the modern classroom. At the
same time, educators are faced with a diverse array of devices available to students,
which they seem to effortlessly multitask and move between throughout the day.
These shifting and blurred boundaries that determine device use have added to the
already complex blending of traditional and nontraditional learning environments.
All of this creates a significant challenge to those who recognize the inherent posi-
tive affordances offered by today’s technologies but are unsure of how they can
be incorporated into lessons. For example, one affordance of ICT for education
is the opportunity to provide personalized learning. If educators can better under-
stand an individual’s digital learning environment, this information can inform the
development of personalized learning.

As digital natives, today’s university students make use of varied devices, digital
tools, and e-resources for learning while combining different subject learning,
communication, entertainment, and personal interests, forming their personalized
learning approaches. While this study was focused on a specific group of Japanese
participants at a university in Japan, this is seen as a first step towards a deeper under-
standing student digital ecosystem generally. So, the goal of this chapter is to shed
light on these areas and take an initial step towards mapping students’ digital ecosys-
tems to enable course design that better fits student learning expectations.Meaningful
contextualization of technologies and learning environments requires a clear “map”
of the learners’ current technological adoption and the learners’ perceived useful-
ness of those technologies to specific learning contexts. In this chapter, methods
were employed to obtain a better understanding of the participants’ degree of tech-
nological adoption and practice in relation to collaborative educational activities.
Insight into the structure of the students’ digital ecosystem was developed by first
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capturing participant activity in log data. Kernel-Based Principal Component Anal-
ysis (KPCA) was applied to data on read and post activities over one academic year.
There were several key findings that may inform curriculum designers. First, the
frequency of read access relative to post access fluctuated significantly after the first
few activities. Second, there was a consistent decrease in all online activity over the
entire academic year. Third, the number of read accesseswas always greater than post
assesses over all the activities. Fourth, and of particular interest, students appeared to
favor mobile and non-mobile devices at different times during the activities, which
suggests they are selectively utilizing different affordances. If this is the case, it
would be an insight into how they are shifting between device types depending on
the context and purpose.

8.2 Literature Review

With the invention of new technologies and then the steady merging of these into
single devices, such as smartphones, newmulti-functional devices are being released
annually.While these devices are similar, the latestmodelsmay offer new educational
affordances not available in previous iterations. There are at least two ways to exploit
these affordances. The first is to rely on educators to identify well-known ones and
incorporate them based on best practices. For example, cameras in smartphones can
act as data collection devices and send that data in the form of pictures to a learning
management system to be used for educational activities. The second way relies
on the students, as digital natives, to intuitively identify affordances that they feel
support their learning. It is this second approach that this research is focused on.

One affordance of ICT for education is the opportunity to provide personalized
learning opportunities. If educators can better understand an individual’s learning
environment, this information can inform the development of personalized learning.
University students make use of varied e-resources and tools for learning while
combining different subject learning, communication, entertainment, and personal
interests, forming their personalized learning approaches [1]. One motivation for
this research is to enable course design that better fits student expectations instead
of forcing them to adopt tech they do not use in their personal lives. For example,
banning smartphones from the classroom inhibits the perception that education is
something students can integrate directly into their lives [2] when in reality, the
smartphone can help to bridge the gap [3] between school and life outside of school
by encouraging learning anywhere and anytime [4, 5]. It has been suggested [6] that
using mobile technologies should be of benefit to revising our views of pedagogy,
making it much more responsive to students’ needs in education. It is this respon-
sive pedagogy approach that will benefit from this mapping of the learners’ digital
ecosystems. Taking the smartphone as an example, the affordances for learning are
ultimately dependent on the views and perceptions of learners. So how learners
perceive the possible uses of these digital tools in the context of learning may be
very different from those of the educator [7].
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Turkle [8] writes about how the new digital technologies of communication
provided by devices such as a mobile phone offer the feeling of companionship
without the demands of friendship. In a review of the literature, Naismith et al. [9]
suggest sixmobile learning activity categories. The first is behavioural activities such
as delivering content, texting, and feedback response by the learners. Next, there are
constructive activities in which learners create knowledge, ideas, or concepts, such
as creating and sharing media. Then there are situated learning activities, which
take place in natural and authentic contexts, such as providing museum visitors with
access to mobile devices to access information on the exhibits. Collaborative activ-
ities promote social interaction and communication like texting, e-mail, posting to
websites, and synchronous chat. Informal, contextual, lifelong learning activities
occur in an individual’s everyday life like mobile applications for language learning,
bird call identification, and healthcare information. Finally, there is the coordination
of learning and teaching, such as mobile access to resources, schedules, assignments,
data, and reports.

However, the increased agency that comes with these technologies can create
some conflict. The increase in the autonomy of communication means it is more
difficult to avoid responsibility, such as responding to a message. In a Finnish study,
it was found that teenagers usually expected answers to their textmessageswithin 15–
30 min, or else an excuse was expected [10]. Context is central to mobile learning
as it is continually created by people in interaction with other people, with their
surroundings, and with everyday tools [11]. Learning takes place in meaningful
surroundings that are likely outside the classroomand in the student’s surroundings or
environment at a time appropriate for them [12]. This change in surroundings means
that learning and information seeking activities extend into the natural, authentic,
and contextual situations of an individual’s personal life [13].

Computing technologies have been used to support collaboration for achieving
varied learning goals, such as language learning [14, 15]. Asynchronous text-based
discussions present several advantages as compared to synchronous discussions [16]:
students get more opportunities to interact with each other, and students have more
time to reflect, think, and search for extra information before contributing to the
discussion. Learners should be engaged in exploration and inquiry [17], which is
participatory and embedded in a community of practice [18]. Building a sense of
community among students is a challenge, but smartphones increase possibilities to
engage in informal learning not tied to a particular physical location like a library,
computer lab, or classroom [9, 19].
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8.3 Methodology

8.3.1 Participants

The study design was a case study adopted for one academic year to gain a deeper
understanding of the processes and outcomes of completing collaborative learning
activities by Japanese university undergraduate English as a Foreign Language
students. Four case study groups were formed with between five to eight members.
All activities and environmental factors remained constant across all the case study
groups, and participation in the study was voluntary. Group 1 contained five girls
and two boys, group 2 contained eight girls, group 3 contained six girls, and group 4
contained six girls. It was clarified to them that there was no restriction on the type of
device allowed to access the course learning management system. The data collec-
tion, content, and procedures for each group were identical, and all the interviews
took place in the same location with a single interviewer and were of approximately
equal length. Although the number of participants was relatively small, the longitu-
dinal design increases the reliability and validity of the findings. The case study is
meant to be exploratory in nature to identify patterns thatmay be researched further in
a future study. The disproportionate number of female participants was unavoidable
since the university student body was mostly female. While this will undoubtably
add some bias to the findings, the activities did not have any overt gender related
issues that were predicted to affect the results.

8.3.2 Procedure

The collaborative activities used in this study were in the form of group collaborative
learning activities within weekly onlinemodules. These activities consisted of home-
work questions related to translation issues that are relevant when moving between
the Japanese and English languages. These were designed tomake the students aware
of specific known difficulties in language translation and to encourage authentic use
of the target language. One example is the difficulty of translating plurality from
English to Japanese. This would serve the dual goal of content knowledge develop-
ment and target language practice. These activities required collaboration to complete
so that they would stimulate some discussion in the target language. For example,
the first homework question was, “Find and write a single English word that cannot
be translated into a single Japanese word.” This homework required the students
to find at least three examples of such words and upload the translation example
with an explanation to the course discussion board. This way, the students must
understand the translation issue in focus for that week, identify an authentic example
from their day, and explain their reasoning in the target language. Frequently they
would find examples in authentic contexts, such as on their way to and from school,
then record them and upload them through a smartphone. The following week, the
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results of the online activities would be discussed in class. The homework activities
were all collaborative in that they required the individual members of each group to
find and upload their answers to the class website and then to decide upon the best
answer from their list of group answers. The members in each group communicated
through an online forum by posting text messages either with or without supporting
media such as images. The workflow of each homework was identical and consisted
of collecting or posting initial answers to the homework, commenting at least three
times on other groupmembers’ posts, agreeing on one best group answer, and posting
it to the learning management system (LMS).

There was a total of 16 collaborative activities that the students were required to
complete. The procedure for completing these activities can be categorized into two
types: supply an answer based on material provided or on material collected. The
following are summaries of the 16 assignments.

1. Write a single Englishword that cannot be translated to a single Japaneseword.
2. Write a single Japaneseword that cannot be translated to a single Englishword.
3. Find an interesting, funny, or unusual collocation.
4. Find an English idiom which you feel would be difficult to translate into

Japanese.
5. Find a Japanese idiom which you feel would be difficult to translate into

English.
6. Choose a notional category that is grammatical in one language but lexical in

another.
7. Give examples of these pronoun forms, explain, using English, how they differ.
8. Write one sentence in Japanese with a theme that is unmarked.
9. Identify parts of a given passage.
10. Translate a passage from English to Japanese.
11. Find one example of substitution and one of ellipsis that you see as you travel

around Tokyo.
12. Find one Japanese sentence example from around Tokyo for each of the 5

conjunction types.
13. Find one Japanese sentence example from around Tokyo for each of the four

collocation types.
14. Find one Japanese sentence example for coherence.
15. Find one Japanese example from around Tokyo for implicature.
16. Find one Japanese example from around Tokyo for theme, cohesion, and

pragmatics.

Activities 1, 2, 3, 4, 5, 11, 12, 13, 14, 15, and 16 are material collection activities,
which required the students to collect examples and then discuss the answer. It
was hoped that the students could utilize the data collection affordances of their
mobile devices to capture examples and upload them to the course website for further
discussion. The remaining activities, 6, 7, 8, 9, and 10, required the students to discuss
material that was provided by the instructor.
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8.3.3 Research Design

As this was an exploratory analysis designed to lead into a larger study, it was decided
that a longitudinal case study design would provide the best results while causing the
least disruption to the participants. The activities were hosted on the Moodle LMS,
and the log data comprised the principal source of data used in the analysis. The log
data includes access times by hour and day, as well as online activity inside the LMS,
such as reading and posting messages. Since the activities required collaboration
and the eventual agreement on one group answer, reading and posting information
commonly involved following, reading, the answers posted by other groupmembers,
and then replying to themwith their own posts. This data was extracted from the LMS
log data and separated for each student and group to identify each student’s online
activity and device used throughout the study period. This data was then analyzed
using Radial-based Kernel principal component analysis (KPCA) [20]. There are
several kernel functions and radial based is a well-known kernel function which has
high accuracy. Several functions were tried but the radial based function provided
better performance in terms of explanatory power.

KPCA is a technique for non-linear dimensional reduction where objects are
mapped to a higher dimensional space before being reduced to a space lower than
the observational dimension. The data consists of eight dimensions (variables) that
include computer and mobile access for each of the four groups. There are 32 objects
formed from the read and post count for each of the 16 homework assignments.
KPCA maps the original eight dimensions of data to a space larger than the original
eight dimensions. Going larger than the original dimensions gives the inner-product
between a pair of objects, not variables, and is known as the Kernel trick. Then
Principal Component Analysis can be applied to this inner-product.

The data can be seen in Table 8.1 and consists of the read and post activity counts
of the four groups over the 16 homework assignments separated by mobile and non-
mobile devices. The data was only divided into these two general categories based
on the data to simplify the KPCA procedure. Here mobile is defined as any mobile
phone, and non-mobile included desktop or laptop computers. This is not the ideal
method of data categorization, but it did allow for the analysis. In the future, this data
will be further divided to identify devices at a more granular level.

8.4 Results and Discussion

This section includes a description and discussion of the results of the KPCA for
read and post, access for 16 homework activities over one academic year. Table
8.1 includes the results from the homework read and post access counts by both
computer and mobile phone. The four case study groups form the columns, with
each group subdivided into computer and mobile phone counts. The rows represent
the 16 homework assignments subdivided into read and post count. The totals of
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read, post, and overall counts are included in the right side columns and bottom
rows. Read refers to the action of accessing the LMS without adding posting new
information. Post is a similar activity but includes adding new information in the
form of comments or examples.

8.4.1 Access Read and Post

Figure 8.1 includes the KPCA result of read(R) and post(P) count for all groups over
all homework activities (1–16) from Table 8.1. The numbers in the plot represent the
homework activity, and the letters indicate either reading or posting. The plot shows
four clear clusters, which have been labeled C1 through C4. In addition to these
clusters, the data points are clearly separated into post and read. The read counts are
all located at the top left half of the plot except for 16R, which is in the bottom half
with the posts. The post data points are all located in the right section of the plot.
Using the same data as data as Figs. 8.1 and 8.2 shows a graph of the centroid of the

Fig. 8.1 KPCA result of Read(R) and Post(P) count for all groups over all homework activities
(1–16)
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Fig. 8.2 Centroid of clusters 1 through 3 post and read counts for computer and mobile access

clusters C1 through C4 calculated from the averages of data points from each cluster.
Thefirst principal component is interpreted as representing the frequencyof access

for posting messages. Component one is a negative correlation, so the further to the
left of the plot in Fig. 8.1, the lower the count of student access to the website for
posting. Table 8.2 includes the results from the KPCA on the data of read and post
access in Table 8.1. The values represent the correlation or explanatory power of the
first and second principal components. Since it is a negative correlation, the smaller
the number in the table, the higher the post access count. Group 2 computer access
(G2 C) has the lowest value (−0.3794), and this is supported by the data in Table
8.1, which shows that G2 C has the highest percent of post to total access (0.43)
of all the groups. The interpretation of the second component is that it represents
the amount of variation in access count across homework assignments. Overall,
component two does not have much explanatory power. However, G1 C and G4
M are remarkable because the first value is negatively correlated, and the second
is positively correlated. Column G1 C in Table 8.1 has a consistent reduction in
values from homework activity one through sixteen. Alternatively, G4 M has a less
consistent decline over all of the homework assignments and is positively correlated.
In Table 8.2, component two can be translated as the data points near the top of
the plot having less variation in post access count while lower points have a higher
variation.

Using this interpretation, in Fig. 8.1, cluster C2 is on the left side and includes
2R, 3R, 4R, and 5R with 1R close by. These points represent the first five homework
assignments and contain the highest post counts of all the homework assignments,
as seen in Table 8.1. At the same time, they have a relatively high rate of variation,
as the count values drop suddenly from homework 1 to 5. In addition, 6R and 7R
have relatively high post counts and so are located on the left side of the plot. One
explanation for this could be that the students learned over these first few activities
that only the number of posts made by students were assessed, and the number
of access times for reading was not assessed. Each student was required to make a
minimum of three posts for the first stage of each homework activity. So, the students
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may have adapted to the minimum requirements of the course. This suggests that
accessing both posting and reading activities may be needed to motivate students to
access the site more regularly.

Cluster C1 contains three data points, 10R, 13R, and 15R, and is located on the
right upper corner of the plot. These three homework assignments have unusually low
post counts that are consistent relative to each other at 65, 74, and 69, respectively. The
data point 16R is unusual as it is the only read count among the posts cluster C3. The
post count for 16R is exceptionally low in comparison to all other post values and so is
not grouped into cluster C1. The consistent decrease in overall activity leading to the
lowest post count in the final homework assignment suggests that the students either
gradually became less motivated or more efficient. This is an interesting question
to investigate in the future. Another explanation is that these specific activities did
not require as much communication as the others. Activity 10 is a straightforward
translation activity that the students would be familiar with. Activities 13, 15, and
16 require them to find examples in their L1, which they would be more confident
working in. If the perceived difficulty is low, this may negatively affect the amount
of communication since the students would require less peer scaffolding. This would
be another area for future study.

The large cluster C3 is located at the far right and contains all the post data points
because the post counts for all homework assignments were all lower than the read
counts. This means students accessed the site to get information, perhaps to check for
updates on their group members’ posts, much more often than posting information.
This difference may be investigated in more detail in future research. At the same
time, the points in C3 have a clear pattern of variation within the cluster, with 9P at
93 posts and 16P at 47 posts.

The centroids of each of the three clusters are represented in Fig. 8.2. The abscissa
represents each of the four groups of computer and mobile access: 1 is group one
computer access, and 2 is group one mobile access. The ordinate represents the
average access times. Cluster C2 is clearly higher than the other clusters indicating
that these data points were much more active, which supports the interpretation of a
higher posting count. This is also seen in the data of Table 8.1. In Figs. 8.3 and 8.4,
the centroids for computer and mobile access are represented separately. This time
the abscissa has only numbers one to four representing the four groups. Here again,
cluster C2 is higher than C1 or C2, as is to be expected if the interpretation used is
correct, by its position on the left side of the plot in Fig. 8.1. Likewise, the lower
counts for C1 and C3 fit with the interpretation of component one as representing
post count. One point of interest is the clear preference for mobile devices within
group three and the preference for computers in group two. Although the reason
for this is not clear, it may indicate a clear preference for one device over another,
irrespective of the activity type. Again, this is an interesting point of investigation in
future research.
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Fig. 8.3 Centroid of clusters 1 through 3 post and read counts for computer

Fig. 8.4 Centroid of clusters 1 through 3 post and read counts for mobile

8.5 Conclusion

This research projectwas designed as an exploratory study of student behavior as they
completed a series of collaborative activities over one academic year. The main goal
was to gain insight into the structure and function of the students’ digital ecosystem.
It was hoped that, as digital natives, the students would have the inherent ability
to utilize the technologies available to them in an efficient manner. As such, it was
not the goal to provide specific answers to research questions but instead to identify
interesting patterns in the data result through KPCA that can inform the design
of future research. With this in mind, there were several interesting patterns that the
KPCAhighlighted,whichmayhavebeenmissedwith amore conventional qualitative
methodology.

The data on student read and post activity identified several interesting features of
the students’ behavior. First, there was a clear difference in read and post frequency.
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Specifically, the read frequency remained stable relative to post frequency over much
of the year. The read count suggests that the students, after an initial period of high
activity, learned over the first few homework activities that only the number of posts
made by students were assessed, and the number of access times for reading was not
evaluated. Each student was required to make a minimum of three posts for the first
stage of each homework activity. So, the students may have adapted to the minimum
requirements of the course. This suggests that assessing both posting and reading
activities may help motivate students to access the site more regularly.

Second, the consistent decrease in overall activity leading to the lowest post count
in the final homework assignment indicates that the students either gradually became
less motivated with the activities or more efficient at completing them. Another
explanation is that these specific activities did not require as much communication
as the others. If the perceived difficulty is low, this may have reduced the necessity
for communication since the students would require less peer scaffolding.

The third was the dramatically greater read counts in comparison to post counts.
This may be explained as students accessing the site to get information, perhaps to
check for updates on their groupmembers’ posts,muchmore often than posting infor-
mation. Presumably, reading allowed the students to consider their group members’
answers before committing to upload their own.

Fourth, a point of interest is the clear preference for mobile devices within group
three and the preference for computers in cluster C2. Although the reason for this is
not clear, it may indicate a clear preference for one device over another, irrespective
of the activity type. This could be a valuable insight into how the students are deciding
to use the available technology. This is especially interesting as it is closely related
to the main goal of this research and suggests they are selectively utilizing different
affordances. If this is the case, it would be an insight into how they are shifting
between device types depending on the context and purpose.

These findings provide the first step in visualizing, or mapping, students’ digital
ecosystems and lead to interesting questions to investigate in the future. However,
there were limitations inherent in the design of this study. As an exploratory study,
it was designed to highlight larger patterns in the collaborative behavior of the
students as they used both mobile and non-mobile devices. While several interesting
patterns were identified using KPCA, it was not possible to conclusively explain
the causes and all ramifications within this study. These points will require several
more focused studies designed to answer these specific research questions through
targeted questionnaires. It is the goal of the author to work towards this in future
research.
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Chapter 9
Computational Argumentation
for Supporting Learning Processes:
Applications and Challenges

Carlos Chesñevar, César A. Collazos, and Ana Maguitman

Abstract This book chapter analyzes different applications and challenges of
computational argumentation for modeling different aspects of learning processes.
Some of the topics included are argument-based recommender systems for educa-
tional purposes; argument-based shared knowledge for computer-supported collab-
orative learning (CSCL) and argument-based opinion mining for eliciting students’
knowledge based on information items corresponding to different topics of study.
We also identify and discuss salient challenges associated with argumentation in
the current state of the art. The chapter is organized to be self-contained, including
an overview of the key elements in computational argumentation. Our contribu-
tion is intended to provide a reference point for researchers working on intelligent
techniques for educational processes who are interested in incorporating argumenta-
tion as a metaphor for modeling intelligent decision making in Intelligent Tutoring
Systems (ITS), Computer-Supported Collaborative Learning (CSCL) systems, and
other related areas.
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9.1 Introduction

Computational argumentation is a discipline that has been gaining increasing impor-
tance and wider audiences over the last decades, mainly as a vehicle for facili-
tating rationally justifiable decision making when handling incomplete and poten-
tially inconsistent information. Argumentation provides a sound model for dialec-
tical reasoning, which underlies discussions or opinion confrontation in social
networks. In Collaborative systems, argumentation is an important aspect to help
problem-solving situations, considering the cognitive processes of critical informa-
tion checking, argument elaboration and the taking of multiple perspectives. Argu-
mentation systems are increasingly being considered for applications in developing
software engineering tools, constituting an important component of multi-agent
systems for negotiation, problem solving, shared understanding, and the fusion
of data and knowledge. Such systems implement a dialectical reasoning process
by determining whether a proposition follows from certain assumptions, analyzing
whether some of those assumptions can be disproved by other assumptions in our
premises. In this way, an argumentation system provides valuable help to analyze
which assumptions from our knowledge base are giving rise to inconsistency and
which assumptions are harmless.

This chapter is structured as follows. In Sect. 9.2 we summarize themain elements
which characterize computational models of argument (such as argument, counter-
argument, defeat, and the notion of warranted conclusion). We will introduce the
basics of Defeasible Logic Programming [1], which will be used for subsequent
examples. Then, in Sect. 9.3 we focus on argument-based recommender systems, a
sub-area that has received particular attention in the last years. We discuss potential
applications of these recommenders for educational purposes. Section 9.4 discusses
an alternative approach to argumentation based on opinion mining. We show that
this particular view of argumentation processes can help enhance learning processes
by identifying reasons pro and con in a very intuitive way. Section 9.5 considers the
notion of shared knowledge awareness in the context of argumentation.We showhow
multiple knowledge bases (associated with different students) can be suitably inte-
grated for collaborative problem solving. Finally, Sect. 9.6 presents the conclusions
and discusses some avenues for future research.

9.2 Argumentation in a Nutshell

Argumentation is an important aspect of human decision making. In many situa-
tions of everyday life, when faced with new information, people need to ponder its
consequences, in particular when attempting to understand problems and come to a
decision.Argumentation systems [1–4] are increasingly being considered for applica-
tions in developing software engineering tools, constituting an important component
of multi-agent systems for negotiation, problem solving, and the fusion of data and
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knowledge. Such systems implement a dialectical reasoning process by determining
whether a proposition follows from certain assumptions, analyzing whether some of
those assumptions can be disproved by other assumptions in our premises. In this
way, an argumentation system provides valuable help to analyze which assumptions
from our knowledge base give rise to inconsistencies and which assumptions are
harmless.

In defeasible argumentation, an argument is a tentative (defeasible) proof for
reaching a conclusion. Arguments may compete, rebutting each other, so a process
of argumentation is a natural result of the search for arguments. Adjudication of
competing argumentsmust be performed, comparing arguments in order to determine
what beliefs are ultimately accepted as warranted or justified. Preference among
conflicting arguments is defined in terms of a preference criterion which establishes
a partial order “�”among possible arguments; thus, for two arguments A and B in
conflict, it may be the case that A is strictly preferred over B (A � B), that A and
B are equally preferred (A � B and A � B) or that A and B are not comparable
with each other. For the sake of example, let us analyze the following example about
real-world knowledge on spiders. Consider the following sentences:

(1) If something looks dead, it is usually dead;
(2) If something moves when touched, it is usually not dead;
(3) If a spider is dead, it is usually not dangerous.
(4) If something is a spider, it is usually dangerous.
(5) Black widow is a spider.
(6) Black widow moves when touched.
(7) Black widow looks dead.

Sentences in italics correspond to defeasible rules (rules which are subject
to possible exceptions). Statements (5), (6), and (7) correspond to facts (strict
information). Note that different arguments can be constructed:

1. Argument A (based on rules 4 & fact 5): Black widow is a spider. Spiders are
usually dangerous. Therefore, black widow is dangerous.

2. Argument B (based on rule 1,3 and facts 5,7): Black widow is a spider. Black
widow looks dead. If something looks dead, it is usually dead. If a spider is
dead, it is usually not dangerous. Therefore, Black widow is not dangerous.

3. Argument C (based on rule 2, fact 6). Black widow moves when touched. If
something moves when touched, it is usually not dead. Therefore Black widow
is not dead.

In this particular situation, different arguments arise that cannot be accepted simul-
taneously (as they reach contradictory conclusions). Note that argument B seems
rationally preferable over argument A, as it is based on more specific information.
As a matter of fact, specificity is commonly adopted as a syntax-based criterion
among conflicting arguments, preferring those arguments which are more informed
or more direct [1]. In this particular case, if we adopt specificity as a preference
criterion, argument B is justified, whereas A is not (as it is defeated by B). The above
situation can easily becomemuchmore complex, as an argument may be defeated by
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Fig. 9.1 a DeLP program for the spider example. bThe original argument is deemed as “accepted”.
c The dialectical analysis might be complex, resulting in a dialectical tree with several nodes
representing arguments and attack relationships among them

a second argument (a defeater), which in turn can be defeated by a third argument,
reinstating the first one. As a given argument might have many defeaters, the above
situation results in a tree-like structure, rooted in the first argument at issue, where
every argument in a branch (except the root) defeats its parent (see Fig. 9.1c).

Defeasible Logic Programming: implementing argumentation as a program-
ming language

Defeasible Logic Programming (DeLP) [1] is a logic-based programming language
formodeling incomplete knowledge and providing argument-based inference.1 It has
been applied in different contexts, such as multi-agent reasoning [5], recommender
systems [6–9], among others. As most computational argumentation systems, DeLP
relies on two kinds of knowledge: strict and defeasible knowledge. Strict knowl-
edge corresponds to the knowledge that is certain, such as facts about the world or
mathematical truths (e.g. “all men are mortal”). The strict knowledge is consistent,
i.e. no contradictory conclusions can be derived from it. On the other hand, defea-
sible knowledge corresponds to that knowledge which is tentative, modeled through
“rules with exceptions” (defeasible rules) of the form “if P then usually Q” (e.g., “if

1 For an in-depth treatment of DeLP and its features the reader is referred to [1].
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something is a bird, it usually flies”). Such rules model our incomplete knowledge
about the world, as they can have exceptions (e.g., a penguin, a dead bird, etc.).
Syntactically, a special symbol (⤙) is used to distinguish “defeasible” rules from
logical implications (←).

Argumentation systems like DeLP allow the user to define a knowledge base
involving strict and defeasible knowledge. An argument A for a claim c is basically
some “tentative proof” (a derivation using a non-empty set of defeasible information)
for concluding c from the knowledge base (DeLP program). Arguments must addi-
tionally satisfy the requirement of consistency (an argument cannot include contra-
dictory propositions) andminimality (by not including repeated or unnecessary infor-
mation). Conflicting arguments may emerge in DeLP: an argument A attacks another
argumentBwhenever both of them cannot be accepted at the same time, as that would
lead to contradictory conclusions. Arguments are on their turn compared with each
other using a modular criterion (typically specificity), so that it can be established
when an argument defeats another.

Note that the notion of defeat among arguments may lead to complex “cascade”
situations: an argument A may be defeated by an argument B, which in turn may be
defeated by an argument C, and so on. Besides, every argument involvedmay have on
its turn more than one defeater. Argumentation systems allow us to determine when a
given argument is considered as ultimately acceptablewith respect to the knowledge
we have available by means of a dialectical analysis, which takes the form of a
tree-like structure called dialectical tree. The root of the tree is a given argument
A supporting some claim, and children nodes for the root are those defeaters B1,
B2, … Bk for A. The process is repeated recursively on every defeater Bi, until all
possible arguments have been considered. Leaves are arguments without defeaters.
Some additional restrictions apply (e.g. the same argument cannot be used twice in
a path, as that would be fallacious and would lead to infinite paths).

Figure 9.1a illustrates how a DeLP program for the spider example can be formu-
lated. Note that the symbol “~” stands for strict negation (thus, ~dead(X) means “X
is not dead”). In this sample DeLP code “bw” stands for “black widow”. The DeLP
programming language allows to make queries such as “dangerous(bw)” (standing
for “is black widow dangerous?”), which prompts the computation of an argument
supporting the query. The argument A is found (since bw is a spider, it should be
considered dangerous by default). Additionally, a defeater argumentB is foundwhich
attacksA (blackwidow is not dangerous as it looks dead),which is on its turn defeated
by a third argument C (black window moves when touched, and therefore it is not
dead!). All this dialectical process is carried out automatically by the DeLP infer-
ence engine (associated arguments can also be displayed using a GUI interface). The
associated dialectical analysis is shown in Fig. 9.1b. Arguments with no successful
attacks are deemed as ultimately accepted (e.g. argument C). An inner argument is
deemed as ultimately accepted if all its attackers are not accepted; otherwise, the
inner argument is defeated. Complex situations might arise (e.g. Fig. 9.1c), which
are solved by the DeLP inference engine.
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9.3 Argument-Based Recommendation in Learning
Environments

The Internet is one of the main sources of information and resources for students to
explore or learn practically any topic. However, identifying the most useful infor-
mation or resources can be a difficult task for a student. One of the main difficulties
is that there is an overwhelming amount of potentially useful material for learning
nearly any topic. Another difficulty lies in the fact that students might not be able to
pose appropriate queries to search for relevant content as they may not be entirely
familiar with the topic being or to be learned.

Recommender systems can alleviate these problems by providing meaningful
recommendations to students. Recommendation in learning environments can be
exploited from different perspectives. One approach consists in identifying and
suggesting learning objects (e.g., documents, videos, instructional games, etc.)
for a specific learning objective. Learning objects are characterized by metadata
such as educational resource type, interactivity type and level, content, descrip-
tion, language, and format. When confronted with a problem requiring procedural
knowledge (i.e. a sequence of steps to be carried out to solve a task), recommender
systems can play a useful role by providing suggestions and hints (e.g. by pointing
out possible alternatives or by issuing a warning when a wrong decision has been
made). Also, recommenders can be useful during the knowledge acquisition process
itself, by engaging learners in specific activities that promote declarative knowledge
construction through the exploration of both domain-specific and domain-general
knowledge.

A recommender system can adopt a task modeling approach, a user modeling
approach, or a combination of both. A task is a piece of work required to achieve an
objective. Tasks are usually associated with the need to access information to solve
problems, evaluate content, construct meaning, create knowledge and make deci-
sions. A task-based recommender system that supports a student learning process
typically monitors the student’s work, analyzes its content, seeks for similar content
or other students that completed similar tasks, generates recommendations, and incre-
mentally refines the recommendations based on the student’s progress on the task at
hand and the student’s reaction to the suggested resources. Task representations need
to be continuously updated as students change their focus during learning activities.
This canbe capturedby analyzing a variety of contextual interaction patterns resulting
from clicks, dwell time, cursor movement, scrolling, etc. A learning resource that
proved to be useful for a learning task is likely to be useful for a similar task. Hence
being able to model tasks and determine when two tasks are similar is key to develop
a task-based recommender. A learning task can be modeled by the student’s log
activity, documents being read or edited, web pages being visited, milestone tasks
being accomplished, among other items [10]. Task representations can be stored in a
repository and associated with different kinds of resources (learning objects, proce-
dural knowledge, and domain knowledge) that proved to be useful during those
particular tasks.
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Different from task models, which are changeable, user models are more persis-
tent. Students can be modeled by their declared interest, their long-term browsing
history, capabilities, social network communities, and social media interactions,
among other features. In [11] various aspects are considered to model the student
profile, such as learning style, educational level, preferred language, preferred topic,
and preferred format. By modeling students, it is possible to compute similarity
scores among students, and hence to recommend items to a target student based on
how useful those items proved to be in the past to students with a similar profile.

The most common variants of recommender systems are content-based [12] and
collaborative filtering [13]. Content-based recommender systems rely on a represen-
tation of a user or an item to find items that match with the user’s recommendation
needs. For instance, a content-based recommendation for a student currently learning
a specific topic in biology requires representing the specific topic or the knowledge
the student currently has or seeks to have about the topic to identify material similar
to these representations. On the other hand, collaborative filtering algorithms rely
on past user’s behavior to find other users with similar behavior. The basic idea of a
collaborative filtering approach is to provide item recommendations based on those
items that were useful to or were liked by similar users. For instance, by modeling
a student’s skill, it may be possible to identify other students with similar skills to
recommend material that proved to be useful to those similar students in the past.

Most existing recommenders are based on machine learning and information
retrieval algorithms. As indicated in the literature [6, 7], these approaches are unable
to effectively provide informed explanations of the reasons behind a given recom-
mendation. Also, these approaches do not naturally support the kind of analysis of
actions and interactions that are crucial in any learning process.

Incorporating Argumentation to Recommend Learning Resources

Argument-based recommenders can be applied to overcome some of the limita-
tions of traditional recommendation systems in learning environments. Content-
and collaborative-based recommender systems that use task-modeling or user-
modeling approaches can be enhanced by incorporating argumentation technolo-
gies, to provide reasoned recommendations and facilitate the exploration of relevant
learning resources through a dialectic process. Since the students will receive both
a recommendation and a reason supporting it, they will have more confidence in the
presented results and they can give the system explicit feedback that can help guide
the recommendation process.

The widespread availability of learning resources repositories, coming from
different sources and accessed by students with mixed backgrounds, perspectives,
and learning abilities offers new opportunities to create argument-based recommen-
dation services. These services can take advantage of the diverse community of
students accessing the stored learning resources to implement collaborative-based
recommenders. Developing an algorithm for recommending learning resources is
challenging because it requires combining many, sometimes conflicting aspects. For
instance, a resource may be useful for learning a physics topic for a student with a
good mathematics background but it may not be useful for someone who has not
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developed a good background in mathematics yet. In light of the defeasible nature of
students’ information needs in learning environments, argumentation is an attractive
technology to explore and revise potential recommendations, by generating sugges-
tions of learning resources based on items that proved to be useful in the past during
similar tasks and adapting them to the target student.

During procedural knowledge acquisition, students typically create and test solu-
tions in shared learning environments and discuss their potential solutions with
teachers and other studentswhile carrying out learning tasks. The creation and discus-
sion could be naturally integrated with a collective dialectic process that provides a
context to let learners actively explore different ideas and positions. An argument-
based recommender that guides this process will foster the generation of ideas and
debate.

Another natural way in which argumentation can help enhance the recommenda-
tion of general and domain-specific knowledge is by involving the student in an argu-
mentation process, either with the recommendation system or with other students.
During declarative knowledge acquisition, an argument-based recommender will
advise the student onwhich areas to cover, to increase the effectiveness of the learning
process. It can also guide students in the process of engaging in specific discourse
activities, to express their viewpoints and also to react to other students’ perspectives.

Figure 9.2 provides a general picture of how argumentation can be integrated into
the recommendation process in a learning environment. Based on a student’s current
task, similar stored past tasks can be retrieved. As discussed above, stored past tasks
will typically be associated with a variety of learning resources, which may include
learning objects of different types (e.g., manuals, videos, instructional games, etc.),
as well as with procedural and declarative knowledge that proved to be useful for the

Fig. 9.2 Argument-based recommender systems in the context of educational processes from a
high-level perspective
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associated tasks in the past. Also, based on the student profile it is possible to retrieve
the profiles of other similar students and those learning resources that proved to be
useful to those students in the past. Finally, an argument-based approach can be taken
to revise, adapt and integrate information coming from similar students and tasks,
resulting in recommendations of potentially useful learning resources. We present
next a case study illustrating how an argument-based recommendation approach
based on Defeasible Logic Programming can be applied in a learning scenario.

A Case Study: Using Defeasible Logic Programming to Model Recommenda-
tions about Students’ Learning Resources

The process for generating recommendations of learning resources by an argument-
based recommender is different from the process adopted by most of the existing
recommenders. However, they share the requirement of having access to prior knowl-
edge about a collection of students, tasks, and learning resources, which can be codi-
fied as facts of a DeLP program, as illustrated in Fig. 9.3. Facts provide information
about the students, tasks, and resources being modeled. Also, rules can be defined
to determine if two students or two tasks are similar. To define such rules, similar-
ities between students and tasks can be calculated by applying probabilistic latent
semantic analysis [14] or matrix factorization [15], among other techniques. Finally,
the DeLP program will contain a set of postulates that describe the conditions under
which a learning resource should be recommended to a given student. For instance,
a resource is typically recommended to a student if the student likes the resource
type. However, even if the student likes the resource type, the resource will not be
recommended if there is evidence that the resource was not useful to a similar student
in the past. On the other hand, a resource will be recommended if it was useful for
a task similar to the current one, albeit it was not useful to a similar student. An
additional level of specificity that distinguishes between tasks for which a student
finds a resource useful or not could be added if this information is available. This
way, the argumentative process will deal with general facts and more specific facts
that may be in conflict.

As discussed in Sect. 9.2, rules in a DeLP program are combined to support or reject
a conclusion by building arguments. Figure 9.4 shows the arguments that have been
computed to determine whether resource r2 should be recommended to Peter while
he is completing task t1. In this example, the root argument of the dialectical tree is
recommend(peter, t1,r2), which turns out to be defeated and hence we have no reason
to believe that Peter will benefit from resource r2 while completing task t1.

As another example, assume that the system is evaluating whether resource r3
should be recommended to Peter while he is completing task t1. Figure 9.5 presents
a dialectical tree illustrating how arguments can be built in favor of such a recom-
mendation. The root argument of the dialectical tree is recommend(peter, t1, r3).
Although there is a second argument that attacks the root argument, the second argu-
ment is in turn defeated by a third argument, concluding that the recommendation
under analysis should be made.
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Fig. 9.3 A sample DeLP program for modeling recommendations about resources for students

9.4 Opinion Mining and Argumentation: Contrasting
Opinions and Viewpoints on the Internet

Opinion mining refers to a number of different techniques (including datamining,
sentiment analysis, etc.) which are used in text analysis for automatically identifying
opinion and emotion. Opinion mining is a very recent research area, and it provides a
powerful resource for educational processes, as it allows students to better understand
concepts and ideas which might be associated with different viewpoints.

Argumentation and opinion mining can be combined into an interesting approach
presented in [16] which results in argument-based opinion mining. In contrast
with other logical approaches to argumentation, an argument A for a conclusion C is
essentially a set of statements that provide reasons to support C. These statements can
correspond to different information items available on the Internet (contents from
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Fig. 9.4 A sample
dialectical tree associated
with the query
“recommend(peter,t1,r2)”,
where the root argument is
deemed as defeated

reviews, tweets in Twitter, etc.). For the sake of example, we will refer to tweets
in what follows in order to present the associated framework [17]. We will take a
sample topic to illustrate how argument-based opinion mining works. Consider for
example the issue “abortion”. Some tweets on that topic could be as follows:

Tweet1 = “government should ban #abortion, it means killing babies”

Tweet2 = “#abortion is debatable, not all cases are to be equally considered”

Tweet3 = ”#abortion is a right every woman has. Defend it”

Tweet4 = …

Wewill refer to the set of topics or issues at hand as the query Q to be associated with
a given argument (e.g. Q = “abortion” or Q = “abortion, Argentina”). In addition
to the notion of query, we will introduce the idea of context or criterion C. This
concept is intended to identify particular properties or features that we would like to
consider associated with the query Q. We will aggregate these two elements when
defining arguments, and hence will write (Q,C). Thus, for example, C1 could be a
criterion that indicates that only tweets posted between timestamp T1 and T2 are
to be selected. Then (Q,C1) will select only those tweets that contain all the terms
of query Q and have been posted in the time period [T1,T2]. Other examples of
criteria that can be naturally applied are, for instance, requiring that those tweets
were retweeted more than n times, requiring that every user that posted tweets T has
at least m followers, etc.
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Fig. 9.5 A sample dialectical tree associated with the query “recommend(peter,t1,r3)”, where the
root argument is deemed as undefeated

Finally, we will also assume a set S of possible sentiments. A possible range for
S could be positive, negative and neutral.2 For the sake of example, Tweet1 could
be considered as a negative tweet towards abortion, whereas Tweet3 corresponds to
a positive tweet on that topic. We will generalize the notion of sentiment associated
with a single tweet to the notion of prevailing sentiment in a bunch of tweets (i.e.,
the sentiment that prevails, according to some criterion, e.g. percentage). In the same
way, we will assume that sentiments might convey conflicting feelings or emotions
(e.g. anger vs. happiness; boredomvs. excitement, positive vs. negative, etc.).Wewill
abstract away which is the prevailing sentiment as well as existing conflicts through
mapping functions Sent and Conflict, respectively. Thus, Sent(T) will determine
which is the sentiment value associated with a tweet T (as a singleton). As stated
before, we will extend the intended meaning of Sent to an arbitrary set of tweets T =
{t1,t2….tk}, where every ti denotes a tweet, so that Sent(T) denotes the prevailing
sentiment associated with T (e.g. most tweets in T are positive, and hence we deem
T as “positive”).

2 This approach is used in some commercial platforms for assessing tweets in terms of a positive,
negative or neutral value and the percentage of tweets corresponding to each value (e.g. sentiment
140.com).

https://www.sentiment140.com
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Two sentiments Sent1 and Sent2 in Sent will be “in conflict” whenever Sent1
differs from Sent2. (e.g. positive will be in conflict with negative; neutral will be in
conflict with negative). According to this, we can say that a set of tweets T1 is in
conflict with a set of tweets T2 whenever Sent(T1) differs from Sent(T2). We further
assume that all possible conflicts are “equally preferred” in the sense that a conflict
between positive and negative is as strong as a conflict between positive and neutral;
the underlying idea is to identify the situation that the prevailing sentiments in both
sets of tweets are not the same.

Characterizing an Argument as a Set of Tweets. Arguments in Conflict and
Opinion Trees

For the sake of example, let us assume thatwe have a set T of 20,000 tweets associated
with the query “abortion”, and the context is given by “Argentina” and “years 2018–
2020” (e.g. we consider only tweets originated from Argentinean accounts posted
in the period 2018–2020). Note that in many cases we can easily identify a query
because it was used as a hashtag (e.g. #abortion) within a thread of tweets.

In our approach, an argument A based on opinion mining for a query Q under a
criterion C is a set of tweets associated with (Q,C) with a prevailing sentiment Sent.
Thus, following the previous example, for a query Q = “abortion" and a criterion
C corresponding to “all tweets in the period 2018–2020”, and assuming that the
possible sentiments S = {pos, neg, neutral}, then the argument A for Q under C
would be the subset of all tweets related to “abortion” restricted to the period 2018–
2020. Assuming that e.g. 80% of the tweets have a negative connotation, then the
prevailing sentiment Sent = neg.

We have shown how to express arguments for particular queries under a certain
criterion, associated with a given prevailing sentiment. Such arguments might be
attacked by other arguments, which on their turn might be attacked, too. In argu-
mentation theory [3], this leads to the notion of dialectical analysis, which can be
associatedwith a tree-like structure inwhich arguments, counter-arguments, counter-
counter-arguments, and so on, are taken into account. The central idea underlying
the exploration of possible attacks for a given argument is given by the notion of
specificity.

Suppose that an argument supporting the query Q = “abortion” is obtained, with
a prevailing negative sentiment. If the original query Q is extended in some way
into a new query Q’ that is more specific than Q (i.e. Q’ = Q ∪ {w}, for some
particular word w), it could be the case that the argument supporting Q’ would have
a different (possibly conflicting) prevailing sentiment. For example, more specific
opinions about abortion are related to other topics, like for example ethics, social
problems or programs, religious issues, etc. To explore all possible relationships
associated with arguments returned for a specified query Q and criteria C, we can
define a high-level algorithm to construct an opinion tree recursively as follows3:

3 The full-fledged description of the algorithm can be found in [16].
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Algorithm BuildOpinionTree

Input: query Q, criterion C

Output: Opinion Tree OT(Q) rooted in an argument A for Q under criterion C with
prevailing sentiment Sent.

1. We start with an argumentA obtained from the original queryQunder a criterion
C with a prevailing sentiment S, which will be the root of the tree.

2. Next, we analyze within the tweets in A all relevant words that might be used
to “extend” Q, by adding a new element (w) to the query, obtaining Q’ = Q ∪
{w}.

3. Then, a new argument for Q’ under criterion C with prevailing sentiment S’ is
obtained, whichwill be associatedwith a subtree rooted in the original argument
A (i.e., the tree resulting from BuildOpinionTree(Q’,C)).

It is also easy to see that for any query Q, the algorithmBuildOpinionTree finishes
in finite time: given that a tweetmay not containmore than 280 characters, the number
of contained descriptors is finite, and therefore the algorithm will eventually stop,
providing an opinion tree as an output (Fig. 9.6).

A Case Study: The Abortion Issue

As a case study to illustrate our approach, we consider the abortion issue based on
information from Twitter in December 2012, when the Michigan legislature was
debating several regulations on abortion practices. Consider the query Q = “abor-
tion", and a criterion C = {tweets posted less than 48 h ago}. A root argument is
computed for Q and C, obtaining an associated prevailing sentiment (negative). It

Fig. 9.6 Schematic overview of argument-based opinion mining. Based on a student query and
a given context, an argument is computed along with possible conflicting arguments. The whole
opinion tree is retrieved as an answer
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should be remarked that the algorithm for building opinion trees avoids the repetition
of any new descriptor used to extend the query associated with a node. The construc-
tion is performed depth-first, so that new descriptors are gradually introduced using
a technique specifically designed to guide term selection (outside the scope of this
paper, for a detailed description see [16].

Figure 9.7 illustrates how the construction of an opinion tree for the query Q =
“abortion” looks like. Distinguished symbols (+, −, = ) are used to denote positive,
negative and neutral sentiments, respectively. Note that the original query Q has
cardinality 1, and further levels in the opinion tree refer to incrementally augmented
queries (e.g. {“abortion”, “michigan”}, or {“abortion”, “murder”}). Leaves corre-
spond to arguments associated with a query Q’ which cannot be further expanded,
as the associated number of tweets is too small for any possible query Q’ U {w},
for some w. Furthermore, we can identify some subtrees in the Opinion Tree rooted
in “abortion” which consist of nodes having all the same sentiment. In other words,
further expanding a query into more complex queries does not change the prevailing
sentiment associated with the root node. In other cases, expanding some queries
results in a sentiment change (e.g. from “abortion” into {“abortion”, “option”} or
{“abortion”, “wish”}).

Integrating opinion trees into the learning process allows students to analyze
public debate in a more systematic way while at the same time encourages social
awareness and an interest in current affairs. Opinion trees help students synthesize
complex information and analyze a specific topic from different perspectives. This
approach helps improve logical and critical thinking.

Fig. 9.7 An Opinion Tree for The Abortion Issue (computed from Twitter, 2012). Adapted from
[18]
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9.5 Shared Knowledge Awareness and Argumentation

Shared Knowledge (SK) concerns the common knowledge constructed by a student
groupwhen carrying out a collaborative learning activity in a CSCL environment.4 In
this setting, Shared Knowledge Awareness (SKA) has been defined as the conscious-
ness on the SK that this student group has when performing a specific collaborative
task in a restrictedmoment of time [19, 20]. Indeed, the construction of SK is strongly
related to the acquisition of an appropriate level of SKA, as being aware of any
knowledge (in particular SK) implies learning something about it.

Students’ acquisition of SKA inCSCL scenarios is not a simple task, and a number
of questions that should be considered to reach it have beenproposed [19].However, it
is difficult to ascertain how to provide mechanisms to model the construction of SKA
in a real CSCL system. Indeed, this problem is related to different features, in partic-
ular with characterizing the students’ dialectical reasoning underlying negotiation
processes when looking for an agreement or consensus about a given claim.

In this section, we will illustrate how computational argumentation can contribute
when modeling educational processes where different knowledge sources (associ-
ated with capabilities or domain knowledge corresponding to different students) can
be integrated following an argumentative approach. We will consider DeLP as the
underlying programming language to provide a support tool for dialectical discus-
sions in a CSCL framework. Indeed, our framework will allow modeling the dialec-
tical analysis carried out by participants in CSCL scenarios, helping them to identify
the emerging SK and the explicit specification of its associated SKA. As a starting
point, we will consider the individual knowledge constructed by different students
when performing a collaborative task (probably expressed in natural language and
stored in a generic CSCL platform).

We depart from the assumption that the knowledge required for solving the collab-
orative task is complex, so that students should be able to integrate different perspec-
tives and conflicting opinions about the task to be solved.Our goal is that participating
students can make use of the reasoning and visualization capabilities provided by
the argumentation system in order to support part of their SK construction as well
as making explicit its associated SKA. Figure 9.8 illustrates the process of acquiring
shared knowledge awareness through argumentation. As a result of this process,
students will be able to identify what we will call Argument-Based Shared Knowl-
edge (ArgSK): students are aware of how different conflicting pieces of knowledge
are related to each other, why some of such pieces should be deemed as warranted
(and some others should not), and how their own individual knowledge may be in
conflict with other participants’ knowledge.

A Case Study: Solving a Printer Configuration Problem Collaboratively5

Consider the following case study: Computer Science students from three different
universities U1, U2 and U3 (located in different cities) have to solve an activity

4 CSCL stands for “Computer Supported Collaborative Learning”.
5 This example was originally presented in [20].
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Fig. 9.8 Schematic overview of argument-based shared knowledge awareness. Based on knowl-
edge from individual students an intelligent agent builds shared knowledge, which is combined
with a dialectic process to acquire shared knowledge awareness

collaboratively in a CSCL scenario. The activity is structured using the JIGSAW
technique [21] and includes the task T of detecting good and bad features in different
configurations of a personal computer model called “pcu” (acronym for “PC for
universities”), which is the computermodel available in the computer labs of the three
universities (e.g. the three labs have pcus with the same configuration, devices, etc.).
The students are divided into small groups of three people, each of them belonging to
a different university. Following the JIGSAW technique, each member of the group
will be responsible for analyzing a different piece of knowledge when constructing
his/her individual knowledge. Let us focus on one jigsaw group G formed by three
students, namely S1, S2 and S3. As stated before, we will assume that S1, S2 and S3
are using a particular CSCL system to solve T, as they are located in different cities.
For the sake of example, the students must learn about different topics related to pcus
as follows: (1) S1 is assigned the topic “input/output devices”; (2) S2is assigned the
topic “memory devices”; and (3) S3 is assigned the topic “processors”.

Let us assume that students have already constructed their individual knowledge
and they are coming back to the group G to solve T. At this moment, S1, S2 and S3
have to present a well-organized report to other members ofG about the topic each of
them has studied. The immediate goal is to construct SK and SKA in order to solve T.
As a part of their SK and SKA, students are offered to re-cast their knowledge using
an argumentative formalism (such as DeLP), where arguments and their acceptance
statuses can be computed automatically.

Following our proposal, an automated argumentation platform is integrated with
the CSCL scenario. It includes a knowledge base K (empty at the beginning), an
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inference engine for computing arguments and a suitable front-end for posing queries
and visualizing results. First, each student Si exchanges (separately) messages with
an intelligent agent about what he/she knows, and the intelligent agent writes down
this in terms of rules and facts. Following our example, suppose that student S1 has
acquired knowledge about printers (as they are I/O devices). He/she has learned the
following: hp1020 and hp1018 are models of laser printers. Laser printers work ok
if the computer has a good RAM memory. Inkjet printers usually work ok with any
kind of computer. Besides, S1 has checked the computer model “pcu” (the object of
study) and has seen that there was a printer connected, namely the hp1020. In the
same way, S2 has studied memory devices. He/she has learned that a RAM memory
of 256 Mb or more is usually good enough for a computer, unless you want to use it
with a laser printer, since in such a case a RAM of 256 KB has slow access, which
is usually not a good feature. In addition, S2 has checked the computer model “pcu”
and has seen that the computer had 256 Mb of RAM memory (note that S2does
not know anything about processors or printers, he just knows that they appeared as
related concepts when learning about memory devices). Concerning S3, he/she has
individual knowledge about processors. He/she has learned that if a computer has a
processor double-core, then the processor is usually fast. Pentium processors result
in slow access time for RAM memory. An exception are Pentiums with the special
swap technology, which do not have this problem. He/she has checked the computer
model “pcu” and has seen that it has a Pentium processor with “swap technology”.6

At the end of all the dialogues between S1, S2 and S3 with the intelligent agent,
the knowledge base K stores the sum of the three students’ individual knowledge,
which could have been written down by the intelligent agent as follows:

Facts about the computer in the lab

printer(pcu, hp1020)                 %  fact from student S1
has_ram (pcu,256)                     %  fact from student S2
processor (pcu,pentium)      %  fact from student S3 

Defeasible rules (Commonsense knowledge)—C stands for an arbitrary computer

Knowledge about printers coming from S1

6 Names and values used here are fictitious. They are just considered for the sake of the example
and not necessarily according to a real-world situation.
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printer(C, laser) ⤙ printer(C, hp1020)

printer(C, laser) ⤙ printer(C, hp1018)

printer_ok(C)⤙ ram_memory(C,good), printer(C, laser)

printer_ok(C)⤙ printer(C, inkjet)

Knowledge about RAM memories coming from S2

ram_memory (C, good)⤙ has_ram (C,X), X > = 256

ram_slow_access(C) ⤙ has_ram (C,X), X = 256, printer(X,laser)

~ram_memory (C,good) ⤙ ram_slow_access (C)

Knowledge about processors coming from S3

processor(C, fast) ⤙ processor(C,double_core)

ram_slow_access (C)⤙ processor(C,pentium)

~ram_slow_access (C)⤙processor(C,pentium), has_processor(pentium,swap_tech)

Now, consider that as part of task T to solve (detecting good and bad features in
different configurations of a “pcu”), S1, S2 and S3 are discussing about the piece of
knowledge “printer_ok(pc)”, which stands for the claim “is it ok to have a printer
connected to the computer pcu?”. By analyzing the individual knowledge provided
by each Si separately, the members ofG cannot infer anything (except from the facts
provided). However, if they jointly consider all the information stored in K (which
accounts for part of their SK) they can rely on DeLP to automatically compute a
dialectical tree rooted in the above claim,whichwill include all possible combinations
of arguments and defeaters related to the claim. This way, they can guarantee that
those pieces of knowledge subject to dialectical discussions will be part of the SK
only if they are warranted on the basis of the joint knowledge of the group, thus
avoiding a dialectical discussion based on incomplete and biased perceptions of
reality. Hence, if the claim results to be supported by a warranted argument, then
the above piece of knowledge can be part of the argument-based shared knowledge
(ArgSK) for the group on the basis of rational and justified information.

In this particular example, S1, S2 and S3 will obtain a warranted argument
supporting the claim “printer_ok(pcu)” (as thewarranted argumentArg1 supports it),
and theywill add the claim to theirArgSK.Note that the claim is deemed aswarranted
by the underlying argumentation system, based on the dialectical tree shown in
Fig. 9.3. Besides, S1, S2 and S3 will visualize the dialectical tree shown in Fig. 9.3
(left), which explicitates a rational justification of the obtained results. Indeed, it
can be seen that there exists an argument Arg1 supporting “printer_ok(pcu)”, which
can be obtained by combining knowledge from S1and S2. The argument is based
on knowing that “pcu” has enough RAM memory to support hp1020, the laser
printer connected to it. However, Arg1 is defeated by Arg2, which supports the claim
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Fig. 9.9 Outline of the dialectical analysis obtained for the claim “is it ok to have a printer connected
to the computer pcu?”. Left: Arg1 is warranted and ultimately prevails, as it is defeated by Arg2,
which is on its turn defeated by Arg3. Right: the argument contents provided by the argumentation
engine in DeLP

“~ram_memory (pcu, good)” (the student who studied memory devices provided a
defeasible rule which states that 256 Mb usually do not suffice for a laser printer
to run ok). But this argument Arg2 is on its turn defeated by Arg3 standing for
“~ram_slow_access(pcu)” (the student who studied processors provided a defeasible
rule which states that computers with Pentium processors with swap technology, as
it is the case here, do not have problems with RAM of 256 Mb). This way, the visu-
alization of the tree will be linked to the ArgSKA associated with the claim under
consideration, helping S1, S2 and S3 to be aware of their own SK. Later on, S1, S2
and S3 will be able to use the piece of warranted knowledge (the fact that the printer
connected will work ok) when going further on the resolution of T (Fig. 9.9).

9.6 Conclusions and Related Work

In this chapter we have analyzed the role of computational argumentation as a
metaphor for handling incomplete and potentially contradictory information. The
task of contrasting alternative arguments and determining which ones are to be ulti-
mately accepted is core to many educational processes in which critical thinking
is involved. Even though argumentation has been central to education for many
centuries in Western civilization, it has not been until recently that more evolved
computationalmodels for argumentation have been developed.We contend that these
models can provide effective alternatives for new conceptualizations that improve
and empower analytical thinking for both students and teachers.
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In the last years, argumentation has had considerable growth and consolidation,
establishing itself as a discipline in its own right within the research community in
Artificial Intelligence. Argument-based recommender systems (one of the applica-
tions discussed in this chapter) have received particular attention when context-based
information is taken into account [22–24]. Another important aspect that needs to be
considered in the learning environment is the notion of trust. Students or instructors
may trust certain learning resources because other users trusted by them recommend
those resources, or simply because they trust the resources’ sources. Trust is subjec-
tive, not always symmetric or transitive, context dependent, dynamic, and defeasible.
Hence, as discussed in [25], trust can be naturally modeled using an argumentative
framework, playing a useful role at the moment of integrating the notion of trust to
support any learning process.

Recent research [26, 27] has been focused on integrating persuasion and compu-
tational argumentation in a unified system, leading towards a so-called Automated
Persuasion System (APS). Persuasion is an activity that involves one party trying to
induce another party to believe something or to do something. It is an important and
multifaceted human facility. As the authors point out, persuasion is present in many
human activities (such as a doctor persuading a patient to drink less alcohol, a road
safety expert persuading drivers to not text while driving, or an online safety expert
persuading users of social media sites to not reveal too much personal information
online). An automated persuasion system (APS) is a system that can engage in a
dialogue with a user (the persuadee) in order to persuade the persuadee to do (or
not do) some action or to believe (or not believe) something. To do this, an APS
aims to use convincing arguments in order to persuade the persuadee. Computa-
tional persuasion is the study of formal models of dialogues involving arguments
and counterarguments, user models, and strategies, for APSs. The authors claim
that a promising application area for computational persuasion is in behavior change
(particularly in the context of healthcare organizations,where there ismuch interest in
changing behavior of particular groups of people away from actions that are harmful
to themselves and/or to others around them). In our opinion, education is also an area
where APS could play an important role (as students need typically to be persuaded
of carrying out different goals as part of educational processes—e.g., carrying out
some particular kind of exercise, mastering some skill, etc.).

Along this chapter, we have carried out an analysis of the impact and possibil-
ities of computational argumentation from different perspectives, based on some
common elements of argumentation provided in Sect. 9.2 (including a brief account
of Defeasible Logic Programming). In Sect. 9.3 we showed how argumentation and
traditional recommender systems can be unified into argument-based recommender
systems, in which recommendations associated with the outcome of a particular
query on a certain domain can be backed up by arguments that have emerged as
ultimately accepted after performing a dialectical analysis. Then, in Sect. 9.4 we
moved into mining opinions from user content knowledge (particularly information
in Twitter).We showed that argumentation can provide the backbone for an enhanced
model in which arguments are given by sets of information units (e.g. tweets) that
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have a prevailing sentiment. Such arguments could also be contrasted using a dialec-
tical analysis, identifying so-called “opinion trees” (an alternative form for repre-
senting dialectical analysis). Finally, in Sect. 9.5 we analyzed the concept of shared
knowledge awareness in a group of students. We showed that for solving a particular
problem (e.g.making a printer work), studentsmight need to combine pieces of infor-
mation from their own knowledge, and that potential conflicts and inconsistencies
might arise. Once again, argumentation comes out as a solution for such situations,
allowing students to be aware of their “shared knowledge” that contributes to finding
a solution for a given problem.

In summary, we have shown that computational argumentation can indeed provide
a powerful model for recasting and enhancing traditional educational processes
(particularly those in which incomplete and potentially inconsistent information is at
hand, and different, alternative viewpoints have to be assessed and contrasted). We
think that the three alternatives explored in this chapter (argument-based recom-
mendation, argument-based opinion mining and argument-based shared knowl-
edge awareness) illustrate the power of argumentation as a backbone for devel-
oping new, different intelligent techniques and approaches for educational purposes.
Even though many advances have been achieved, the most promising results in this
direction seem still to be seen in the future.
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Chapter 10
Revealing Latent Student Traits
in Distance Learning Through SNA
and PCA

Rozita Tsoni, Evangelos Sakkopoulos, and Vassilios S. Verykios

Abstract Distance Learning has moved almost completely online, gaining ground
in an educational setting of constantly increasing demand. Physical distance poses
barriers in the implementation of such a transition, however,most of these barriers can
be surpassed by implementing a Learning Analytics process around the educational
process. The chapter presents a novel approach that is based on a rich spectrum of
metrics of Social NetworkAnalysis that can capture complicated interaction of social
students’ behavior, along with academic performance indicators, in a process that
aims to reveal the latent characteristics of students participating in the discussion
fora of their Distance Learning postgraduate course.

Keywords Higher education · Distance learning · Learning analytics · Social
network analysis · Principal component analysis

10.1 Introduction

In the past decade, a large score of the learning and teaching activities have been
transferred online. Recent technological and socio-economic developments on top
of unpredictable global events pose even more imperatively the need for Open and
Distance Learning. Restrictions for preventing Covid-19 infection led more than 1.5
billion enrolled students from all over the world (approximately 90% of the global
student population) to experience interruption of education [52]. A massive, urgent
transition of the conventional teaching and learning on the web increased the need
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for monitoring students’ online behavior. Therefore, Learning Analytics (LA) was
brought into the spotlight as the most promising tool to diminish the spatial and
temporal distance between learning stakeholders.

Even without the massive disruption of Covid-19, there is an obvious upcoming
change in the Higher Education setting. New models of teaching and learning have
moved conventional systems from being able to service a small number of partici-
pants to massive, open courses, replacing a part of tutor’s assistance and evaluation
with automated or peer assistance and evaluation, resulting in a fewer percentage
of students completing the courses successfully [28]. Higher education has emerged
toward increased specialization and individualized instruction, while attention shifts
from institutions and programs to individual students who aim to construct skill sets
according to the new demands of the job market [15].

As a result, the complexity of the field is growing since personalization comes
along with massive demand and large heterogeneity. Numerous students’ commu-
nities are formed in large-scale courses offered by top-rated universities. Moreover,
learning cannot be seen apart fromsocial interactionwhether this is happening implic-
itly or explicitly. Therefore, having a clear picture of tutors’ and learners’ interaction
is vital to maintain and improve the quality of Distance Education. While teaching
does not necessarily lead to learning [29], there is a constant need for feedback to
evaluate the engagement of the learners and the effectiveness of the learning process
[38]. In Distance Education tutors in online classes, without adequate information,
may be misled by an unnoticed mismatch between ideal and actual class dynamics,
from a social learning perspective [22]. Engagement and productive dialogue are
important conditions for successful teaching. Network Analysis can identify where
productive dialogue takes place [46]. Ferguson and Shum [17] found that educational
success was correlated to the quality of learners’ educational dialogue and students’
satisfaction [37].

LA has the potential to: “dramatically impact the existing models of education
and to generate new insights into what works and what does not work in teaching
and learning” [41] Moreover, recently, the analysis of the existing evidence for LA
indicates that there is a shift towards a deeper understanding of students’ learning
experiences [53]. LA focuses on the specific problem of understanding and opti-
mizing factors that lead to a successful educational experience for all learners [31].
The implication of LA and the evaluation of its impact on learning is one of the key
challenges of the educational field [45]. Also, one key principle in the “Global guide-
lines for ethics in LA” is to consider whether access to knowing and understanding
more about how students learn brings with it a moral obligation to act [42].

There are many ways in which LA can impact education. A taxonomy of the LA
types depending on their result is described by Downes [16] and contains descriptive
analytics, diagnostic analytics, predictive analytics, prescriptive analytics, generative
analytics, and deontic analytics. Additionally, in a research concerning the imple-
mentation of LA in countries identified seven major factors that should be taken into
account: power, pedagogy, validity, regulation, complexity, ethics, and affect [18].

Our main stand in this context is to use LA for descriptive and diagnostic purposes
mostly with a focus on identifying how the social behavior of students as it is
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ascribed in their interactions with their fellow students and their tutors affects their
learning. In our previouswork [48, 51], qualitative conclusionswere drawn by posing
different research questions from well-established educational theories and using
social network visualization and polarity analysis to answer them. In that respect,
centrality measures and their distribution were studied in two-mode networks, and
their projection onto one-mode networks, were extensively investigated [47].

In this chapter, we present a novel approach that is based on a rich spectrum of
metrics of Social Network Analysis (SNA) that can capture complicated interac-
tion of social students’ behavior, along with academic performance variables, in a
process that aims to reveal the latent characteristics of students participating in the
discussion fora of their Distance Learning postgraduate course. Hopefully, action-
able knowledgewill be produced, helping tutors and educational stakeholders to base
their decisions on the learners’ needs even when these needs are not clearly stated.

This chapter is structured as follows: In Sect. 10.2 certain concepts and metrics
mainly concerning Network Analysis are discussed. Additionally, the Hyperlink-
Induced Topic Search (HITS) algorithm is presented along with a brief description
of the Principal Component Analysis (PCA) and the Hierarchical Cluster Analysis
techniques providing a complete report of the analytical tools used in the research. In
Sect. 10.3 relevant work, concerning forum interaction and students’ online behavior,
is briefly presented. The following Sects. 10.4 and 10.5 describe the data and the
experimental method used in our research. Results are presented and discussed in
Sect. 10.6, providing educationally sound interpretation and understanding. In the
final section conclusions, limitations, and future work are discussed.

10.2 Background: Definitions, Algorithms, and Methods

Our LA approach consists of two main steps. We can consider them as an analysis
and a meta-analysis step. During the first step of our proposed methodology, we
apply Network Analysis. Below we discuss relevant metrics, along with algorithms
and methods that were used in this context. We also touch upon and introduce PCA
and clustering, which are built around our primary analysis technique and used as a
meta-analysis phase to build on the primary findings of SNA.

Network analysis includes concepts and metrics that allow the representation of
the interaction between actors in the form of a network where each node represents
an actor and the edge between two nodes represents connections (some kind of
association). Here, we deal with networks containing either a single or a multiple
type of nodes. When the nodes are of one kind the network is unimodal (or one-node
network). Multimodal networks consist of different types of nodes. For example,
forum participation can be expressed in two ways. In a one-mode network, where
each node represents a participant, the edges indicate the interaction among them. In
other words, a link indicates a comment or a reply to each other’s post. Alternatively,
the forum community can be imprinted as a two-mode network where nodes might
represent participants or discussion threads. There, a link always connects two nodes
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of a different type. A participant-node is connected directly only with thread-like
nodes and vice versa. In the analysis that follows the representation of students’
networks is bimodal as this allows for a more thorough view of the interaction,
providing richer information than the projected one-mode network [47].

The reciprocity of the interaction among different nodes is associated with the
feature of directivity. A network can be either directed or undirected. In a directed
network, when a node i , is connected to a node j , the node j is not necessarily
connected to node i . Thus, the adjacency matrix of the network is not necessarily
symmetric. The links between a person and his/her followers in a social network site
are an example of directed edges between the person and their followers because
they are not reciprocal. Therefore, a network of Twitter accounts and followers is a
directed network. On the contrary, an undirected network corresponds to a symmetric
adjacency matrix. Thus, for every pair of nodes i, j , αi j = a ji . A friendship network
is undirected because of the mutuality of the relation.

Starting to explore a network G, the first and simplest metric describing a node
is its degree. It is the sum of the number of edges connected to this node. In a
bimodal network that represents a discussion forum activity, the high degree of a
participant shows that s/he has posted in a lot of discussions but does not provide us
any information about the number of the people he interacted with. The degree rises
if the person posts in more discussions even if always the same person participates
in them. In a directed network the in-degree is the number of incoming edges, and
the outdegree is the number of outgoing edges. Forum interaction can be represented
as a bimodal directed network where all edges come out of person-nodes and point
to discussion-nodes. Therefore, the indegree of person-nodes and the outdegree of
discussion-nodes are always zero.

The Weighted degree metric counts the number of edges but also adds up the
number of times a person has posted in a certain discussion in a bimodal network.

Closeness centrality shows how many “hops” are needed so that a node can
reach other nodes. The concept of geodesic distance is necessary to define closeness
centrality. Geodesic distance is the number of edges that contain the shortest path
between two given nodes. Closeness centrality is inversely proportional to the total
geodesic distance from a node to all other nodes of a network [19]. Since closeness
centrality depends on the networks’ magnitude (the number of nodes and edges that
contains), it is strongly affected by the network’s type. In a bimodal network, for a
given person A to reach another person B a discussion node has to intercede between
them. Therefore, the distance between any two nodes cannot be less than two. The
closeness centrality of a vertex is defined as:

C(x) = N − 1
∑

x �=y d(x, y)
(10.1)

where x, y are two vertices in the network G, d(x, y) denotes their distance, and N
is the number of nodes in the graph. Thus, a node with low closeness centrality is a
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central node in the network. In other words, if the sum of the distances is large, then
the closeness is small and vice versa [33].

Harmonic closeness centrality which is, likewise the Closeness centrality, a
measure of nodes’ proximity was proposed by Marchiori and Latora [32]. Harmonic
closeness centrality can be computed in a not necessarily complete network because
in case that there is no path between x, y the value of 1

d(y,x)
equals zero.

It is defined as:

H(x) =
∑

y �=x

1

d(y, x)
(10.2)

A nodes’ betweenness centrality is ametric indicating the node it is contributing to
connecting other nodes. This measure provides information about the “importance”
of a node that despite the fact that it is a low degree node, it happens to be in a
strategic location within the network. Nodes with high betweenness centrality act
as bridges linking sub-groups of nodes that otherwise might be disconnected. In a
discussion forum network, tutors have high betweenness centrality holding together
the learning community [47].

Betweenness centrality of a given node i is proportional to the total number of
geodesics between two given nodes j and k, which include node i. A node i with high
betweenness centrality is part of many paths of its network. In general, when more
ties are added in a network with a given number of nodes, betweenness centrality
decreases [4]. Betweenness centrality can be expresses as:

BC(x) =
∑ σ(v,w)(x)

σ(v,w)

(10.3)

where x denotes a given node, σ denotes the count operation, σ(v,w)(x) is the number
of shortest paths (between any pair of nodes v,w in the graph) that passes through
the target node x , and σ(v,w) the total number of shortest paths that occur between any
pair of nodes of the graph. The target node would have a high betweenness centrality
if it appears in many shortest paths [34].

Eigenvector centrality is a node’s metric strongly affected by its neighbor’s char-
acteristics. It is defined as follows: given the adjacency matrix A of the network G,
an eigenvector for this matrix is a vector v that satisfies the matrix–vector equation
Av = av for some scalar value a (the eigenvalue). This would give the equation:

ECxi = 1

λ

∑

j∈M(i)

x j (10.4)

where λ is a constant and j ∈ M(i) means that the sum is over all j such that the
nodes i, j are connected (where M(i) denotes the set of all the nodes that are directly
connected with node (i). Eigenvector centrality indicates a node’s influence which
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signifies its strategic position in a network. Highly influential nodes are connected
with other nodes of high influence, adding value to each other.

Eccentricity is a distance measure that is considered to be much simpler than
closeness centrality [39]. In a given network G the eccentricity eG(v) of a node v is
the maximum distance between node v and node u over all the nodes of the network.
From the definition below (Eq. 10.5) it is obvious that a node with high eccentricity
is a distant node.

eG(v) = max{distG(v, u) : u ∈ V } (10.5)

Amore advanced approach to investigate nodes’ strategic position and influence is
through a sophisticated approach, the so-called HITS algorithm. HITS, also known
as Hubs and Authorities is a link analysis algorithm initially created to rank web
pages [26] on the internet. The algorithm assigns two values in each node: a hub
value and an authority value. A high value of hub means that the node points to high
authorities i.e., nodes with valuable information. Respectively, a node with high
authority is being pointed by good hubs in a mutually reinforcing relationship. The
computation of these values is based on an iterative process that follows the principle
of repeated improvement as a good hub adds value to an authority and subsequently,
the authority adds more value to the hub in a repeated process that converges to a
final result. The degree of convergence e (epsilon) determines the ending point of the
iterative algorithm that is the maximum divergence between two sequential results.
Initially, for each node p we set x<p> = 1 and y<p> = 1 for the ranking process to
begin (where x<p> denotes the hub and y<p> the authority of the node. The function
that updates the weights for hubs and authorities (hub and authority update rules
respectively) are:

x<p> ←
∑

q:(q,p)εE

y<p> (10.6)

and

y<p> ←
∑

q:(q,p)εE

x<p> (10.7)

A directed edge (p, q) indicates the presence of a link from p to q. In a directed
bimodal network of participant-to-thread interaction, an edge is always directed from
a participant-node to a thread-node. Thus, participant-nodes have non-zero outdegree
and always zero indegree.Additionally, thread-nodes always have zero outdegree and
non-zero indegree. Therefore, participants are hubs with zero authority and threads
are authorities with zero hubs.

The metrics that were briefly described above imprint different properties of each
node in a network. Students’ interaction and behavior within an online learning
community is a multidimensional problem. The network metrics shed light into
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the social aspect of learning. The online presence and the academic performance are
revealed by the number of views and the grades of the students. There are many other
features that affect the learning process such as personal and cultural information.
However, the scope of the proposedmethodology is to provide an accurate description
of the learners based on the available data, preserving students’ privacy and, at
the same time, capturing a large range of their characteristics. To overcome the
problems posed by the multidimensionality that was created from the incorporation
of network metrics in our analysis it is useful to apply a method for dimensionality
reduction. Exploratory Factor Analysis is a method that can prevent biased and
skewed results, which are difficult to interpret and, additionally, can reveal hidden
aspects of this multidimensional problem. Thus, most relevant metrics and variables
were used in a Principal Component Analysis. PCA provides variables reduction,
maintaining the majority of information. As an orthogonal linear transformation
that projects the data to a new coordinate space, it produces main components that
can be expressed as a linear combination of the initial variables weighted by their
variance. The components that emerge are represented in a neworthogonal dimension
revealing patterns and latent characteristics, that were not obvious in the first level
of the analysis. Additionally, we can create graphs using the eigenvectors as new
uncorrelated variables.

To further leverage the new normalized variables developed by PCA’s factor
scores, a clustering process is proposed. Hierarchical Cluster Analysis can provide
additional information about students’ behavior based on their latent characteristics.
Thus, the method of between-group linkage using the Euclidean distance will be
used in the new orthogonal space that PCA produced.

10.3 Related Work

Forum participation and interaction is a field of interest in education research because
it reflects the relationships in the learning community and it can indicate issues where
action must be undertaken by the learning facilitators. In Distance Learning it is
crucial for the students to be and feel supported and, at the same time, to increase
their autonomy. Descriptive and predictive models can help tutors to focus their
attention on students at risk and prevent poor learning results. The activity of the
students in the discussion fora was used for academic performance prediction by
Chiu and Hew [10] along with views and posts count. Their research demonstrated
greater predictive power in views count than in posts counts. Crossley et al. [11]
shown that students had significantly better achievement than their peers when they
made at least one post of 50 words or more. Furthermore, students who produce
more on-topic posts, posts that are more strongly related to other posts, or posts that
are more central to conversation presented a better completion rate. Sun et al. [44]
compared the forum interaction between who participated in pre-defined groups and
students in self-selected groups. It was found that there is a significant difference
between the strength of the ties that students formed that led them to the conclusion
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that the course design approach is affecting students’ community structure. Chiru
et al. [9] proposed a model for counting the strength of students’ connection with
certain discussion topics and with other participants, called the participant-topic and
the topic-topic attraction.

In the field of Social Network Analysis visualization and metrics contribute to
providing a deeper sight into the community structure, revealing relations and partic-
ipants with a strategic role. Network Analysis of forum activity was considered in
two successive studies in Hellenic Open University (HOU) [24, 30] aiming to create
students’ profiles based on their online participation in order to provide useful feed-
back to their tutors. Network representation through time reveals the evolution of
students’ community and along with polarity analysis can provide insights into the
social aspect of their learning behavior [49]. In a literature review by Cela et al. [7]
the most common metrics were found to be centrality and density, leading to the
conclusion that Social Network Analysis, particularly when combined with content
analysis, can provide a detailed understanding of the type of interactions between the
members of the network, allowing the optimization of the course design. Hernández-
García et al. [22] highlighted the need for tailored tools for advanced and in-depth
analysis that will allow the effective confrontation of the problems that commonly
appear in Distance Learning.

De-Marcos et al. [14] used network metrics to conduct PCA and also, they
examined the correlation between those metrics and academic achievement. An
analysis of the data retrieved from a social networking site that was delivered to
students providing gamified activities and enabling social interaction and collabora-
tion, showed a moderate correlation between most centrality measures and learning
achievement. Thus, they concluded that structural metrics can be used as predictors
of the learning outcome.

Tools and applications have been developed focusing on social network analysis
and community detection [2, 3, 5, 8, 12] with different features [43] that can be used
in educational research.

SNA was found to be more revealing concerning students’ interactions and their
location in the learning community [54]. This result is consistent with the research of
Traxler et al. [46] that found that centrality measures were more reliable indicators
of the grade than non-network measures such as post count. In a pedagogy-oriented
work, Jan and Vlachopoulos [23] explored social network features as indicators of
the structure of communities of practice and communities of inquiry. Their study
substantiates the proposed Integrated Methodological Framework based on SNA as
an effective framework for structural identification of community-based learning. A
collaborative forum-based learning design, including pre-learning and post-learning
activities, was proposed byAmano et al. [1]. In order to discover relevant structures in
social networks generated from student communications Rabbany et al. [36] intro-
duced a toolbox which automatically discovers relevant network structures, visu-
alizes overall snapshots of interactions between the participants in the discussion
forums, and outlines the leader and peripheral students.
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While LA can be applied in a broad range of educational fields providing answers
to a variety of students’ related problems [25] research questions that contain struc-
tured hypotheses are not always the case. The computational, data-driven research
is gaining ground, especially when Machine Learning techniques are used. In the
so-called “black-box” approach data lead to the hypothesis creation, revealing
hidden aspects of the problem. On the contrary, the “white-box” is a theory-driven,
hypothesis-testing statistical analysis. Taking into account the multidisciplinary and
the special characteristics of the educational research Sharma et al. [40] proposed a
combined method, the grey-box approach where data collection, feature extraction,
feature selection, prediction, and interpretation form a pipeline that can be fine-tuned
with specific research needs. Pedagogical criteria lead Gkontzis et al. [21] to divide
the academic year of students into six periods before applying Machine Learning
techniques for academic performance prediction.

Prabhakar and Zaiane [35] presented a framework using a hybrid particle swarm
optimization to form student groups based certain attributes (like age, grade etc.).
They argue the algorithm that they proposed can cluster students into dynamic
learning groups and could be used for automated grouping in MOOCs. PCA was
used to investigate the relation between the use of web2.0 tools and students’ perfor-
mance [20]. Certain activities were identified as indicators of students’ success even
though no significant correlations between learning styles and performance were
found.

10.4 The Hellenic Open University Dataset

The HOU is the only Higher Education Institute that offers full Distance Learning
courses at undergraduate and postgraduate level in Greece. Moreover, it is the only
university in the country that admission does not require written exams. Students
that meet some basic requirements can enroll, even if they live in remote geograph-
ical areas, as they do not have any obligation of physical presence, except for some
laboratory courses held during summer vacation time in certain programs. These
two characteristics are considered to be the main assets of the openness culture that
this university represents. However, all study programs offer the opportunity of face-
to-face meetings, mainly for advisory and motivational purposes. Communication
between students and their tutor can be achieved via synchronous teleconference
meetings and telephone calls, SMS text messages, e-mails, or through the discus-
sion forum of the course. Peers officially interact only through the discussion forum
although they usually create groups in social media to communicate outside of the
formal learning environment. Forum interaction takes place with no external motiva-
tion. Students do not gain extra credits and forum-related assignments are not usually
assigned. They post online only if they feel that they want to communicate with their
peers for any reason. Thus, discussion forum topics may vary from general questions
or statements to specific course-related questions.
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Graduate programs at the School of Science and Technology, are usually consisted
of courses that last an academic year. Each academic year students can attend up to
five OSS (Group meeting for consulting) and have to hand over up to six written
assignments in each course. These assignments are obligatory and the average grade
(it has to be above 5/10) determines whether a student would be permitted to sit on
the final exams or not. In some courses, there are quizzes and online tests available
that can contribute a percentage of the final grade, but this feature usually varies.

A compulsory course offered in the first year of studies was chosen for the exper-
imental evaluation of the proposed methodology because it represents the beginning
of students’ learning experience and their first contact with Distance Learning for
a large number of them. In the academic year, 2019–2020 students were divided
into seven groups. Each group had a different tutor-consultant in charge. Two of the
groups participated in face-to-face meetings held in the two bigger cities of Greece
(Athens and Thessaloniki) and the five other groups had their synchronous meetings
online (we will refer to them as e-groups). Students had to choose whether to partic-
ipate in online or in face-to-face meetings at the beginning of the academic year for
the groups to be formed. Data were drawn from the forum that was accessible from
students and tutors of all groups, hosted in Moodle platform at the School of Science
and Technology of the HOU in the academic year 2019–2020. Assignments’ grades,
final grades, views, and forum data were included in the dataset used for the analysis.

A high priority is the data mining and data management process to comply with
the newly establishedGeneral Data Protection Regulation. Privacy protection applies
in all stages of data processing: data preprocessing, data analysis, and data publishing
[27]. Thus, data went through the process of anonymization and a reference number
was assigned to each student.

10.5 Data Analysis Process

The preliminary steps of the analysis included descriptive statistics and the creation
of new data tables with binary variables (e.g., pass/fail, participant/non-participant).
This is the stage of the formation of a detailed description of the participants, attaching
additional features to the nodes, in order to follow the analysis of the interaction
network.

There is a threefold benefit of using Social Network Analysis in educational data.
Firstly, the visualization of the network, that allows the investigation of the relations
in the forum community, the type and the strength of the bonds between participants,
and the positions of its members. Secondly, metrics about each participant and the
complete network accurately determine the features of the participants and the struc-
ture of their community. Different roles and attributes that constitute meaningful
information about the participants’ behavior can be identified. Thirdly, metrics that
were derived from SNA provide rich information and can be used for further analysis
(Fig. 10.1).
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The main characteristics of the students’ community that emerged from the
descriptive analysis are presented in Table 10.1. Hereupon, the overall academic
performance of the students was seen in the context of different features that possibly
affect it. The final grade is considered to be themost typicalmetric of students’ perfor-
mance. Students of HOU in order to pass the course have to have a minimum score of
50% in the final exams. Additionally, in case of failure or absence, they have a second
chance in the re-examination. Therefore, a cross-tabulation was conducted between
students’ final achievement (the binary variable “pass or fail”) and three variables
(“meeting group” depending on which of the seven groups a student belongs, “e-
group” which is the binary grouped variable of the groups that have online meetings
and the groups that have face to face meetings, and “forum participant” that is also
a binary variable depending on whether a student participated in the forum or not).
Results revealed a statistically significant difference (p < 0.01) in students’ success
for the students that participated in the forum, while the results did not vary signif-
icantly within different groups or whether students were participating in the online
meetings or the face-to-face meetings.

Therefore, data were modified to fit Gephi’s requirements into nodes’ and edges’
tables and were loaded in the application. Force Atlas algorithm was used to achieve

Table 10.1 Basic
information about the
students

Number of students 175

Number of academic staff 10

Forum participants (students) 49

Number of students in the online meeting groups 135

Number of students in the f2f meeting groups 40

Forum participation rate 28%

Number of posts 1309

Number of threads 179

Average number of posts
per participant

22.2

Fig. 10.1 a Students’ achievement per meeting group, b Students’ achievement: online and face to
face groups, c Students’ achievement: forum participants and participants (green: pass, blue: fail)
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a readable visualization with no overlapping nodes and a minimum number crossing
edges based on gravity, repulsion, and inertia [2]. Subsequently, certain partition and
ranking methods were applied to assign different colors and magnitude to nodes and
edges according to chosen variables and allowing multiple visualizations of the same
network, highlighting different features each time (Figs. 10.2 and 10.3).

Fifteen variables were chosen to be included in the PCA that constitutes the
next step of the analysis. The grades of the 6 written assignments (variables: WA_1,
WA_2,WA_3,WA_4,WA_5,WA_6), the final grade, the number of views, and seven
more network metrics (degree, weighted degree, betweenness centrality, harmonic
closeness centrality, eigenvector centrality, hub, and eccentricity). Although in the
first steps of the analysis all of the participants were included, for PCA the academic
staff was excluded for two main reasons:

(a) Students and tutors belong to different groups of participants, with different
features and behavior. The scope of this research is to investigate students’
actions and reveal latent characteristics that hopefully will be used to improve
the educational process. The investigation of tutors’ behavior demands a
different methodological approach.

(b) Seven of the variables chosen for the analysis do not apply in the case of tutors.

Fig. 10.2 The participants’ network annotated by the node’s type and weighted degree (purple
nodes: threads, green nodes: students, orange nodes: tutors)
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Fig. 10.3 The participant’s network annotated by final exam’s result and views count

As a last step of the proposedmethodology, the factor scores that emerged from the
PCA were saved as variables and were used to conduct hierarchical cluster analysis
and graphical representation. Briefly, the methodological steps that describe our
experimental evaluation are technically the following:

i. Retrieve log files from forum activity in Moodle Platform
ii. Anonymize data
iii. Clear data and keep only every event’s id. Each student is represented by a

unique id number
iv. Create edges files and nodes files with nodes annotation
v. Import data to Gephi
vi. Run Force Atlas algorithm for network formation
vii. Run statistical measures for the bimodal network
viii. Use partition to format the network
ix. Export results containing network measures
x. Use the new dataset for further analysis: descriptive statistics, cross-

tabulations, distributions, correlations, clustering, and principal components
analysis
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10.6 Explicit and Latent Characteristics of the Students’
Community

The results can be grouped into four levels deriving from the methodology, presented
above:

a. Descriptives and Cross tabulations
b. SNA with Gephi software and metrics distribution
c. Correlations
d. PCA and clustering

10.6.1 The Descriptive Features of Students’ Community

The main characteristics of the students’ community that emerged from the descrip-
tive analysis are presented inTable 10.1.Hereupon, the overall academic performance
of the students was seen in the context of different features that possibly affect it.
The final grade is considered to be the most typical metric of students’ performance.
Students of HOU in order to pass the course have to have a minimum score of 50%
in the final exams. Additionally, in case of failure or absence, they have a second
chance in the re-examination. Therefore, a cross-tabulation was conducted between
students’ final achievement (the binary variable “pass or fail”) and three variables
(“meeting group” depending on which of the seven groups a student belongs, “e-
group” which is the binary grouped variable of the groups that have online meetings
and the groups that have face to face meetings, and “forum participant” that is also
a binary variable depending on whether a student participated in the forum or not).
Results revealed a statistically significant difference (p < 0.01) in students’ success
for the students that participated in the forum, while the results did not vary signif-
icantly within different groups or whether students were participating in the online
meetings or the face-to-face meetings.

10.6.2 Social Network Analysis and Distributions

The second level of analysis provided information-rich graphs along with important
metrics about the social aspect of learning. The first network’s graph (Fig. 10.2)
presents the interaction network that contains two types of nodes. Participant-nodes
and threads-nodes (purple dots). Participants can either be students (green dots) or
tutors (orange dots). There is also a ranking in the nodes’magnitude by theirweighted
degree (min 10-max 30) that indicated their overall participation. It is obvious that
some central nodes gather around them lower degree nodes. Also, there is a very
distinct group of disconnected nodes in the center of the network. These are the
students who don’t participate in the forum community.
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In Fig. 10.3 a different partition has been implemented. Green nodes represent
students that passed the course, orange nodes represent students who failed and blue
nodes represent tutors of discussion threads. Nodes’ magnitude depends on views
ranking (min 10-max 30). The majority of active students passed the course. On the
other hand, some of the inactive students have high views count. That means that
although they don’t participate in the forum community by posting or replying to the
discussion, they read the posts of their peers.

Network metrics provide a more accurate image of the interaction. In Table 10.2
the characteristics of the ten more active forum participants (by descending value
of weighted degree) are presented. The most active participant is a student with a
significantly higher number of posts than all the other participants. It isworth noticing
that even though Std_18 has posted far more messages and had much more views
than the second more active participant (Tutor_1), two important network metrics
tell a different story. The betweenness centrality of Tutor_1, which indicates the
mediative role of a node, is higher. Also, the eigenvector centrality of Tutor_1 is
greater than the eigenvector centrality of Std_18, meaning that Tutor_1 has a more
strategic position in the network, therefore, is a highly influential node.

Participants’ Degree (Fig. 10.4) and Weighted Degree follow a power-law distri-
bution. Additionally, most participants have a relatively low Betweenness centrality,
indicating that there are a few nodes (Tutor_1, Std_18, Std_51) in a mediative role
in students’ collaboration community (see Table 10.1).

Most of the participants had up to 1000 views during the academic year. However,
there was a small number of participants with higher views number. It is worth
noticing that a specific student had over 5000 views at the same time where the
average number of his/her peers, including the academic staff, was approximately
430 views. The larger number of participants with low views count is consistent
with the relatively low forum participation rate (Table 10.1). The visualization of

Table 10.2 Characteristics of top ten more active forum users

Participant Degree Weighted
degree

Harmonic
closeness
centrality

Eigenvector
centrality

Betweenness
centrality

Views Final
grade

Std_18 57 483 0,49 0,76 6.939,39 5139 8

Tutor_1 68 209 0,55 0,92 11.505,06 1652 N/A

Std_51 42 68 0,46 0,55 5.176,13 1771 8

Std_46 21 63 0,39 0,25 1.604,65 791 7,7

Tutor_5 23 56 0,40 0,25 2.679,92 1510 N/A

Std_43 21 41 0,39 0,23 2.152,22 1006 0

Tutor_6 28 40 0,39 0,27 2.421,97 605 N/A

Tutor_9 10 30 0,35 0,13 461,89 602 N/A

Std_9 7 27 0,33 0,07 731,39 629 6,7

Tutor_7 8 26 0,32 0,05 569,19 956 N/A
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Fig. 10.4 Degree Distribution (Left), Betweenness centrality Distribution

the views counts also follows a Power Law distribution. The distribution of the final
grade was also visualized (Fig. 10.5).

The final grade is the highest of the grades of the final exams and re-examination.
59 students are appearing to have a final grade equal to zero. This number represents
the studentswhodid not showup in anyof the two examinations. Themajority of them
(61%) did not hand over written assignments 4, 5, and 6, proving that they practically
dropped out of the course earlier, in the mid academic year. Additionally, some of
the students fail to achieve an average grade of 5/10 in the 6 written assignments
resulting in their exclusion from the final examination.

Mean=429,38
Std. Dev.=545,619

Mean=4,27 
Std. Dev.=3,29

Fig. 10.5 The distribution of views count (left), and the distribution of students’ final grade (right)



10 Revealing Latent Student Traits in Distance … 201

10.6.3 Correlations

In the next level of the analysis, the correlation of students’ grades with variables
that describe their online activity and their position in the forum community revealed
some interesting results. There was a strong positive correlation between the grades
of the 2nd WA (r = 0,597, p < 0,05) and the final grade and a moderate positive
correlation between the grades of the 1st (r = 0,496, p < 0,05), 3rd (r = 0,451, p <
0,05), 4th, (r = 0,466, p < 0,05), and 5th WA (r = 0,487, p < 0,05), and the final
grade. This result signifies that the 2nd WA is the most representative of the final
achievement. There was no significant correlation between the grade of the 6th WA
and the final grade (p > 0,05). This, seemingly contradictory, result can be justified
by the course’s restrictions on participation in final exams. Many students who have
ensured the right of participating in the final exam (that is an average grade of 5/10
in the WA) already in the 5th WA, minimize their effort in the 6th WA.

The views number also is moderately correlated to the final grade of the students
(r = 0,298, p < 0,05). The position of the participants in the communication network
does not seem to affect their final grades. It has to be noted that there were no
structured learning activities given to the students that included forum interaction.
In this sense, forum interaction is not directed linked to their academic performance.
The instructional design significantly affects the expected results of SNA. In other
words, a discussion forum where students have to complete certain learning tasks
is expected to reflect the academic characteristics of the participants. However, in
this case, where the discussion forum that is used for communication not restricted
by topic, and does not yield grading rewards, the network structure reveals social
characteristics rather than academic.

Although the final grade isn’t related to network measures, the third (WA_3) and
the sixth written (WA_6) assignment are. The WA_3 is moderate negatively corre-
lated (r = −0,360, p < 0,05) to eccentricity. Thus, most peripheral nodes had lower
grades in the third written assignment than their most central peers. Interestingly,
the sixth written assignment, although does not reflect the final achievement, is posi-
tively correlated with two important indices of the network: eigenvector centrality
(r = 0,287, p < 0,05) and betweenness centrality (r = 0,302, p < 0,05). As was
mentioned above, the WA_6 differs from the previous assignments because of the
exam’s participation restriction. Therefore, twopolar groups of studentswere formed.
The high-graded students who already established the minimum 5/10 and chose to
minimize their effort, and the low-graded students who are at risk of losing the right
to participate in the exams, so they maximize their effort. As a result, they address to
the discussion forum their questions, trying to get all the help that they need to raise
their grades. High betweenness centrality indicates interaction with many different
inner groups and high eigenvector centrality signifies communication with highly
influence participants, where, in most cases, are tutors answering questions.



202 R. Tsoni et al.

Table 10.3 KMO and
Bartlett’s Test

Kaiser–Meyer–Olkin Measure of Sampling
Adequacy

0,754

Bartlett’s Test of
Sphericity

Approx. Chi-Square 4190,699

Df 105

Sig 0,000

10.6.4 Factor Analysis and Clustering

Variables concerning students’ performance (WA_1, WA_2, WA_3, WA_4, WA_5,
WA_6, and final grade) along with variables related to students’ online activity
(views) and their position in the communication network (Degree, Weighted Degree,
Eccentricity, Betweenness centrality, Harmonic closeness centrality, Hub and Eigen-
vector centrality)were imported for Principal ComponentAnalysis. Firstly, aKaiser–
Meyer–Olkin (KMO) andBartlett’s test was conducted to investigate the adequacy of
our dataset for factor analysis through PCA. KMO score (Table 10.3) can be consid-
ered as middling suitable for PCA. Bartlett’s test results (Table 10.3) indicate that
factor analysis can be used in these variables, as there are interrelated to a significant
level.

Three major components were found, explaining approximately 79% of the total
variance of the sample (Table 10.4). In Fig. 10.6 the scree plot of the eigenvalues of
each component is presented. Only three of the eigenvalues are greater than 1, the
rest of them explain a very small proportion of the variance, less than each initial
variable explained, hence they can be rejected.

In order to explain and interpret the results of PCA in the educational context the
rotated component matrix is used (Table 10.5). Varimax with Kaiser Normalization
was the rotation method that converged in four iterations. Each of the three compo-
nents is most highly correlatedwith a different group of variables that reflects another
aspect of students learning presence. Component 1, which explains 43,65% of the
variance, is highly correlated with metrics that concern forum interaction (views,
degree, weighted degree, betweenness centrality, hubs, and eigenvector centrality).
This component is about the social status of the students in the learning commu-
nity that is expressed through the discussion forum. It sums up indicative features
of the influence, the collaboration, the extroversion, and the participation of peers.
Component 2, which explains 25,73% of the variance, is highly correlated with
all the grading variables (WA_1, WA_2, WA_3, WA_4, WA_5, WA_6, and Final

Table 10.4 Total variance
explained

Component Initial eigenvalues

Total % of Variance Cumulative %

1 6,548 43,651 43,651

2 3,859 25,725 69,375

3 1,452 9,679 79,054
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Fig. 10.6 Scree Plot

Table 10.5 Rotated
component matrix

Variable Component 1 Component 2 Component 3

WA_1 0,009 0,698 0,209

WA_2 0,030 0,772 0,144

WA_3 0,084 0,798 0,070

WA_4 0,086 0,886 0,003

WA_5 0,105 0,847 0,080

WA_6 0,165 0,753 -0,076

Final grade 0,087 0,826 0,046

Views 0,734 0,414 0,035

Degree 0,950 0,086 0,232

Weighted
degree

0,925 0,031 0,032

Eccentricity 0,138 0,151 0,923

Betweenness
centrality

0,969 0,060 0,106

Harmonic
closeness
centrality

0,345 0,109 0,879

Hub 0,977 0,062 0,160

Eigenvector
centrality

0,967 0,072 0,188
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Fig. 10.7 The 3D scatterplot of the three main components from two different angles (Partition:
Green: Pass, Blue: Fail, Square: Forum Participant, Round: Non-participant)

grade). Thus, it reflects the academic profile of the students. Finally, component
3 that explains 9,68% of the variance, is highly related to two network measures:
eccentricity and harmonic closeness centrality. These measures denote peripheral
nodes in the network, therefore component 3 indicative for students who participate
but tend to stay aside, in a loose engagement with the discussion community.

The visualization of students’ eigenvectors can provide further explainable infor-
mation. In Fig. 10.7, twodifferent views of the three-dimensional graph are presented.
Nodes are parted by color and by shape. The color defines whether the student passed
(green nodes) or failed (blue nodes) the course. The shape separates forum partic-
ipants (square nodes) from non-participants (round nodes). As it is shown in both
graphs, the two main clusters corresponding to the two different groups of students.
Those that participate in the forum community and collaborate online and those who
see the educational process as a personal experience and do not have an online social
presence. This result highlights the online social presence as the most important
difference within students’ behavior.

The clusters that emerged from the Hierarchical Cluster Analysis (Fig. 10.8)
denoted twomain groups that concentrate the majority of the students and three other
clusters with outliers who present some notable features. Hence, cluster 1 contains
the students with a low online presence (non-participants in the forum and low views
count). Custer 2 contains students who participated actively in the forum community.
Cluster 3 contains students who followed a common path: initially participated and
handed over the first one or two written assignments gaining high grades, however, at
a later point, they dropped out of the course. Clusters 4 and 5 contain one node. Their
profile explains their position in a different group as it is about the two most active
students in the forum community. Both of them have excellent grades and over 1500
views. Additionally, they hold a central position in the network with high values in
nearly all centrality measures. However, they are placed in different groups therefore
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Fig. 10.8 The 3D scatterplot of the three main components from two different angles colored by
clustering group

there has to be a non-negligible difference between them. Their main difference
relies on the number of views (5139 for cluster 4 and 1771 for cluster 5) and in
their weighted degree especially compared to their degree (57 and 483 respectively,
for cluster 4 and 42 and 68 respectively, for cluster 5). The difference between
these numbers in a bimodal participant-thread network is the following: The first
student (cluster 4) posted in 57 threads 483 times. That means that he/she posted
approximately 8,5 times in each thread, while the second student (cluster 5) posted
approximately 1,6 messages per thread. That explains why cluster 5 is located near
the clusters of his/her peers and cluster 4 is relatively isolated.

10.7 Conclusions

The abrupt shift of many conventional institutions that moved their courses online
without a thorough educational design, led Distance Education experts to make the
distinction between Distance Education and “what is being practiced during the
interruption of education, which can better be described as emergency remote educa-
tion” [6]. A new challenge is therefore created for Distance Education institutions
to lead the way towards “real” Distance Education rather than urged online courses,
through quality students’ support. Thus, in an intriguing period for Higher Educa-
tion, where Distance Learning is coping to establish its effectiveness, LA can provide
answers to a series of aspects of teaching and learning such as students’ support,
instructional design, policymaking, and educational leadership. While technology
is increasingly providing tools the appropriate methodology to incorporate them in
educational research and implementation is needed. This chapter describes amethod-
ology that was implemented in data from a postgraduate distance learning course for
revealing latent students’ characteristics, aiming to improve the educational process.
Data from the online platformwere analyzed and the network of students’ interaction
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was created. It was shown that a combination of networkmetrics alongwith academic
performance indices provided a detailed insight into the learning community and for
individual students as well. Some of the results became obvious in the first steps of
the analysis. However, PCA revealed three main factors: the “social status” factor,
the “academic performance” factor, and the “loose engagement” factor.

The difficulties arising from the lack of physical presence in Distance Education
can be addressed by effectively leveraging available data. Although several Learning
Analytic approaches have been proposed, they usually focus separately on academic
performance indices or in social network metrics. Additionally, SNA is used as the
final step of the analysis, restricting its contribution in producing metrics to describe
students’ community. Instead, we proposed a methodology that goes beyond simple
description and uses SNA as a pre-processing step to retrieve metrics that would
enrich our dataset preparing it for PCA and Clustering. This way, the clusters that
emerge group students by latent traits, allowing tutors to focus on features that matter
the most in the learning process. In our experiments, among others, cluster analysis
identified a group of students in danger of dropping out who need further support
(cluster 3), outliers that could disturb the collaborative spirit in the forum community
(cluster 4), and also students who need external motivation to improve their effort
levels (cluster 1).

As was mention above, educational research is a complicated, multi-dimensional
field with various aspects that cannot all be captured by log file data. Therefore, we
consider that the lack of personal, socio-economical, and cultural data along with
data from previous learning experiences is themain limitation of our research. This is
a difficult barrier to overcome, not only for practical but mainly for privacy reasons.

A student’s learning experience rarely starts and ends in one course. An integra-
tive, complex, and holistic view is needed to understand the dynamics outside of a
specific course that influence learning performance [13]. Therefore, we plan for the
future to test this methodology in different datasets to compare results and discover
patterns. Additionally, time series analysis and content analysis of the discussions
should provide a deeper understanding of the interaction that takes place within the
educational context.
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Chapter 11
Smart Technology in the Classroom:
Systematic Review and Prospects
for Algorithmic Accountability

Maria Ovchinnikova, Daniel Ostnes, Arian Garshi, Malin Wist Jakobsen,
Jørgen Nyborg-Christensen, and Marija Slavkovik

Abstract Smart technologies, which include but is not limited to artificial intelli-
gence (AI) algorithms, have emerged in the educational domain as a tool to make
learningmore efficient. Different applications formastering particular skills, learning
new languages, and tracking their progress are used by students. What is the effect
on students from using this smart technology? We conducted a systematic review to
understand the state of the art. We explored the literature in several subdisciplines:
wearables, child psychology, AI and education, school surveillance, and account-
ability. Our review identified the need for more research for each established topic.
Wemanaged to find both positive and negative effects of using wearables, but cannot
conclude if smart technology use leads to lowering the student’s performance. Based
on our insights we propose a framework to effectively identify accountability for
smart technology in education.

Keywords Education · AI technologies · Surveillance ·Wearables in classroom ·
Accountability

11.1 Introduction

Today children and students are exposed to more technology than at any other point
of history [1]. This applies to the use of technology for both entertainment and
education. Smart technology is a generic term used to denote technology that is
one or all of: ubiquitous, invisible and capable of some type of artificial intelligent
behaviour. It is the use of smart technology in education that we are concerned with
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here. Smart technology has mostly been evaluated in terms of how efficient it makes
learning, how easy it is to use, and how entertaining the applications are.

However, as the use of smart technology is becoming widespread, there is also a
need to study the impacts that these technologies may have on students.We choose to
work with the term smart technology rather than artificial intelligence (AI) because
the use of the term AI is very inconsistent and poorly defined: at times technology
that is not AI is called such and at others technology which is AI is not called
by its name. Topics that are of interest to education include ambient computing
technology, wearable technology and surveillance technology, and fit nicely under
smart technology but not underAI.Under smart technology in education,we consider
learning applications, software, and tutoring systems as well as different types of
wearables that can track student’s activity and surveillance technology that is used.
How ethical is it to use technology with undocumented impact for students while
they are in a class? Is this technology necessary? Is its efficiency for the learning
process sufficient justification for its use? We are here concerned with the state of
the art in smart technology in the classroom and its algorithmic accountability.

We aim to understand the state of the art in accountability in the context of smart
technology use in education, and to accomplish this goal, we conduct a systematic
literature review. Since it is difficult to cut a clean timeline as to when smart technolo-
gies begin to be used in education, we have decided to ‘cast a wide net’. This means
we do not put any time limits on publication dates of articles to consider. Having
found very little discussion on the accountability of smart technology, we consider
articles on artificial intelligence used in education, articles on wearables, articles on
use of surveillance in schools and also articles from psychology that treat the topic
of surveillance use in schools. We use the insights from the review to understand and
outline the perspective for algorithmic accountability of the smart technology used
in classrooms.

Articles were identified and collected from Web of Science,1 Google Scholar,2

and ACM FaccT Conferences.3 Our systematic review methodology is based on:
(a) proper definition of search strings, (b) article relevancy, (c) topic relevancy,
(d) success in producing results for the research questions. The articles ultimately
selected for review were split among the co-authors with each reader writing a small
summary of the article. The articles were then shared among the readers and their
summary was written down following a group discussion. The literature review
has shown that the majority of work on the use of smart technology in education
mainly focuses on the innovative uses for revolutionizing learning. Comparatively
little attention is paid to the possible negative side-effects of constant monitoring.
Major areas of concerns in the literature were found to be breach of privacy, surveil-
lance culture and the neglect of self-monitoring practices. The systematic review has
also shown relatively little work in accountability in the domain of smart technology

1 https://apps.webofknowledge.com/.
2 https://scholar.google.com/.
3 https://facctconference.org/.

https://apps.webofknowledge.com/
https://scholar.google.com/
https://facctconference.org/
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use in education. Students can be young children, which are a vulnerable group and
depend on guardianship or authorities to decide for them.

Parents and teachers cannot be expected to understand technical details of all
the smart technology that can be used in the classroom. It is therefore important
to properly establish rules of accountability in the use of wearable technology in
education. The consequences of the use of wearables in the classroom are important
to identify, and this includes identification of accountable parties to mitigate harm.

This report is structured as follows: We introduce our methodology in Sect. 11.2,
showing our query designs and discussing the limitations of our review. Section 11.3
covers the topic of AI technologies in education, what advantages and disadvantages
it brings into the learning process. Section 11.4 presents the concept of surveillance
in school. We then look at the psychological effects of being under surveillance, and
what issues this might cause in Sect. 11.4.4. Section 11.5 presents the literature on
the use of wearables in schools. In each of these sections we summarize the main
points from the literature, make our observations and include a discussion as a last
subsection called “issues”.

In Sect. 11.6 we present the topic of accountability as studied in the field of
AI. Using the observations from the previous sections we discuss the needs and
possibilities for accountability of smart technology in the classroom. This discussion
is aimed to be used as a pointer to researcherswho are interested to champion thework
in accountability for smart technology in education. Lastly, we draw our conclusions
and outline directions for other future work in Sect. 11.8.

11.2 Methodology

The systematic review was conducted by focusing on five topics of interest: AI
in education, surveillance in school, wearable technology in school, psychological
effects of surveillance, and accountability in AI. We discuss our approach to finding
the relevant publications and its limitations. As we discussed in the Introduction,
we considered all articles regardless of year of publication. Furthermore, we did
not eliminate the so called ‘grey literature’, e.g., technical reports, opinion papers,
governmental reports, etc., from the collected articles. Because the topic of the survey
is of interest to many different stakeholders, evaluations are not always done by
academic institutions, but they can nonetheless contain important insights.

11.2.1 Query Design

For each of our topics of interest, we designed string queries to produce relevant
results. Journal pages and databases that were queried include: Google Scholar, Web
of Science and ACM FAccT Conference Papers (2018, 2019 and 2020). Google
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Scholar effectively produces results that can be sorted by citation index and publi-
cation years. Web of Science is common for scientific and technical articles, hence
its inclusion.

The ACMFAccT Conference is a cross-disciplinary conference that focus on fair-
ness, accountability and transparency in socio-technical systems and is thus included
for its relevancy to work on accountability. Our queries have the following structure:

[wearables AND school]
[“place in schools” wearable technology]
[wearables AND (school OR education OR children)]
[(accountabilityAND(AIORartificial intelligenceORautonomous systems))]
[(algorithmOR algorithmicOR algorithms)AND (accountability OR account-
able OR accountabilities)]
[“effects of surveillance” AND “school” AND “learning” AND “children”]
[(surveillance AND school (school OR education OR students OR student))]
[((camera ORCCTVORfingerprint OR “facial recognition” OR “metal detec-
tor”) AND (monitor OR monitoring OR surveillance OR spy OR spying)
AND (school OR kindergarten OR university OR college OR education OR
student))]
[Biometrics school]
[Biometrics]
[Social issues wearables]
[Issues wearables]
[cctv school]
[(“AI” OR “artificial intelligence”) AND “education” AND “learning”]
[Intelligent tutoring systems]

Querying through Google Scholar produced results in English, and were sorted
by relevance and high citations, but no specific year limit was set. As this is a wide
project of multiple fields and mature topics, it is important not to exclude older
work that either defined key aspects, or newer work that pushed the state of the art.
Google Scholar includes books, direct citations and other reports, hence the queries
produce many more results. Some older citations may also be excluded due to lack
of tagging to match the produced queries. Web of Science produce lots of content
for social sciences and computer science and also calculate an impact factor. The
results ofWoS are not as vast compared to Google Scholar, thus well-defined queries
produce accurate results that were effectively sorted. The ACM FAccT Conference
is a computer science conference with focus on Fairness, accountability and trans-
parency in socio-technical systems. All papers produced in the years 2018, 2019 and
2020 have been screened from and identified.

The articles we found were assessed for their relevance through screening title
and abstract. We considered a total of 1581 articles. Screening resulted with 84
core articles. We identified additional 15 articles following references. Exclusion of
articles occurred either through the preliminary process of identifying core articles,
or full reading of the article proved to be unfit for this projects scope. We reviewed
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Fig. 11.1 Flowchart of article selection process

99 articles in detail. Figure 11.1 visualize the article relevancy process and feature
the article distribution from where they were found.

11.2.2 Query Limitations

We are concerned with the state of the art in accountability of smart technology in
the classroom. As this is an emerging topic, research targeting our specific goals
are limited. For this reason, we also explored literature that intersects with our
topic. We looked at keywords such as "AI", "Surveillance", "Wearables", "Class-
room", "Accountability", "Behavior", "Consequences", etc. We acknowledge that
there might be some literature that we missed due to the restriction on queried
keywords in addition to the volume of research papers that we were able to review.

11.3 AI in Education

In this section we focus on the articles from our survey that reflect on and analyse
the use of artificial intelligence in education. We have identified three types of AI



216 M. Ovchinnikova et al.

technologies used in the classroom and summarise the work reporting on them in
turn. First, we look at what advantages AI technologies bring into education.We then
discuss the possible issues of accountability and ethics raised using this technology.

11.3.1 AI Technologies Used in the Classroom

There are various ways to use AI in learning: students use virtual classrooms and gain
new skills through various applications and educational online games. AI modules
and Educational Data Mining techniques can track students’ performance in order
to provide a better learning experience based on students’ needs [2]. The develop-
ment of such tools and technologies as teaching robots, intelligent tutoring systems
(ITSs), and adaptive learning systems significantly change the learning process [3].
The systematic literature review identified three different AI technologies that are
being often used in learning: Intelligent Tutoring Systems (ITSs), intelligent support
for collaborative learning, and intelligent virtual reality [4]. The benefits that these
technologies bring are also discussed.

Intelligent tutoring systems. [5] defines the Intelligent Tutoring System (ITS)
as a computer program that is designed to incorporate techniques from AI to provide
tutors that know what they teach, who they teach and how to teach. ITSs can perform
one or more tutoring functions such as asking questions, assigning tasks, offering
hints, providing feedback, or answering questions. These systems also use student
input to model the student’s cognitive, motivational or emotional states in a multidi-
mensional space [6, 7]. The research on ITS have successfully delivered techniques
and systems that provide personalized support for problem-solving activities in a
variety of domains (e.g., programming, physics, algebra, geometry, SQL) [8]. Intel-
ligent tutoring systems are able to offer considerable flexibility in the presentation of
material and a greater ability to respond to idiosyncratic student needs. In addition,
ITSs have been shown to be highly effective at increasing students’ performance and
motivation [9, 10].

Intelligent support for collaborative learning. The concept of collaborative
learning refers to “an instruction method in which students at various performance
levels work together in small groups toward a common goal”. Thus, the success of
one student helps other students to be successful since students are responsible for
one another’s learning as well as their own [11]. In order to increase the level of the
success of the group as well as learning, some approaches based on AI technologies
can be useful: for example, virtual agents and adaptive group formation [4]. Virtual
agents can play the role of a tutor or a virtual peer which, according to Baylor,
increases the motivation of the learners [12]. As for adaptive group formation, this
approach helps to form a group best suited for a particular collaborative task using
information about participants, for example, students’ cognitive level [13].

Virtual reality. Virtual reality (VR) can be seen as an interactive computer-
generated experience taking place within a simulated environment. Its primary effect



11 Smart Technology in the Classroom: Systematic Review and Prospects … 217

is to place the user into the simulated environment using a head-mounted display.
VR requires hardware and software that furnish a sense of immersion, navigation,
and manipulation [14].

The main purpose of the use of VR in education is to explore and train practical
skills, technical skills, operations, maintenance, and academic concerns [15].

Pantelidis [16, 17] claims that VR grabs and holds the attention of students. They
findVR technology exciting and challenging towalk through an environment in three
dimensions and interact with it. In addition, VR can more accurately illustrate some
features and processes as well as change the way a learner interacts with the subject
matter. Using VR in learning encourages active participation rather than passivity.

Hussein and Nätterdal [18] show that there are a variety of possibilities to use
VR in education for different purposes. In medicine, VR can allow users to perform
tasks that carry safety concerns or cannot be achieved in real life, hence people are
able to practice more. In fields of architecture and design, VR technology encourages
users to be creative. The use of VR is also able to create interactive environments to
teach kids about basic science facts and small lab simulations. Thus, virtual reality
provides more opportunities for practice and training.

11.3.2 Issues

Even though applications and learning concepts that are based on AI technologies
can have a significant positive effect on education, the use of AI in education brings
issues for teachers, students, and researchers [19].

One of the issues mentioned is the need for a comprehensive public policy on
AI development. Such public policy will give an opportunity to spread AI research.
Today most of the AI products in education come from the private sector. If there is
no partnership between state and private companies, public policy will not be able
to cope with the speed of innovation. There is a need for such a partnership in order
to be able to enhance AI training and research [19].

There is also a concern that AI&Education research does not provide an educa-
tional clear pedagogical alternative, besides individual tutoring. There is a specific
view of the role of the computer in education: it is considered as a cognitive tool,
which performs lower-order tasks and allows the user to concentrate on the more
important higher-order thinking. In that case, developing such tools does not really
need AI technology to be involved [20].

One of the biggest issues for AI in education is privacy and data collection. People
are concerned about how and when their data is collected, and most important for
what purposes. Data collection becomes even more complicated in the context of
young learners, who, in legal terms, cannot yet provide express consent regarding
the collection and use of their personal data [19].

Another issue that AI brings into education is that teachers might not be ready
for such technologies. For educators, the use of new applications and ITSs systems
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in their teaching programs requires a rapid revision of what is taught and how itis
presented to take advantage of evolving knowledge in a field where technology
changes every few years [21].

11.4 Surveillance in School

Surveillance refers to the continuous observation of a place, person, group or activity
in order to gather information, influence and manage individuals. Surveillance in
schools has previously been largely the task of the teachers, hall monitors as well
as simple attendance lists and grading systems. Technologies such as closed-circuit
television (CCTV) cameras, webcams, automated fingerprint identification systems,
facial recognition, and metal detectors have seen an exponential growth of use in
schools [22].

In 2014, the US market for surveillance cameras, access control equipment and
notification systems for schools and colleges was roughly 768 million USD. A large
contributor of justification for such spending is the fear of rapid school shootings.
For instance, after the 2012 Sandy Hook Elementary School shooting, the schools
of Virginia were awarded 6 million USD to pay for video monitoring systems, metal
detectors and other security upgrades [23]. Such intense surveillance is argued to
create prison-like conditions, especially for students in low-income areas [24].

We are interested in which technologies exist and how they are currently used
by schools and educators. Although the surveillance of students is an international
matter, the assessment of such technologies is based on their use in the United States
and the United Kingdom due to the abundance of gathered data and research in the
regions. Since surveillance can have a measurable effect on the surveyed, we include
literature from psychology that specifically considers surveillance in the classroom.

11.4.1 Video Surveillance

CCTV cameras collect images through cameras and transfer the footage to a moni-
toring where they are available to be reviewed [25]. They present one of the most
common surveillance methods in the schools internationally. An estimated 85% of
secondary schools in the United Kingdom, and two thirds of high schools in the
United States use some form of CCTV systems [26].

The motivation of implementing CCTV is primarily crime prevention and detec-
tion as well as to detect vandalism, bullying, smoking, monitoring staff performance
and to prevent intrusions by strangers [27]. However, it is common for schools to be
careless about the privacy of students and have been found to not be incompliance
with the data protection act of 1998 [28].
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The rampant use of CCTV has led to students comparing their school to a prison
[29] and has raised paranoia to a degree that some students speculated that there were
cameras in the toilets, that some cameras were hidden and could record their voice
[29, 30].

11.4.2 Internet Surveillance

Ever since the Internet gained popularity in the 1990s, classrooms have been
connected to the internet to provide students with universal access to networked
communications technologies. However, this has changed the classroom exponen-
tially with the increased level of surveillance [31].

The motivation of implementing internet surveillance systems has been concerns
about online pornography, chat rooms, hate engendering websites, websites that
sought to encourage experimentation with drugs and bomb creation, copyright
violations, cyberbullying, piracy and hacking [32, 33].

A number of private companies track the students on their personal social media
accounts [34]. The monitoring systems flag concerning phrases through the use of
machine learning and artificial intelligence and alert school officials informing about
the incidents.

Filtering software is also a tool that is used to block access to online content that
is deemed to be harmful. The Queensland Government’s Department of Education
used school filtering software to block various social media websites, arguing that
they did not offer educational value [35].

A frequently reported problem is the fact that school filters block access to sites
that the students need to visit to complete in-class assignments, causing frustration
nand disengagement from the learning material [31, 36].

Research shows that some students intentionally engage in punishable online
behavior, which can be understood as an escape from tedious routine through publicly
testing boundaries. This act is seen as an important part of identity formation [37].

11.4.3 Biometric Surveillance

Biometrics is the science of establishing the identity of an individual based on the
physical, chemical or behavioral attributes of the person [38]. Biometric technologies
are used for surveillance in schools in the form of automated fingerprint identification
systems,palmveinscanners, irisscanningdevicesandfacialrecognitionsoftware[39].

This field is expanding rapidly, and schools represent a significantmarket that uses
such technology. In 2011, 2000 secondary schools and 2000 primary schools in the
United Kingdom had adopted some form of biometric technology. Three years later
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in the same country, it was estimated that 1.28million secondary schools were finger-
printed [40]. The motivation for the use of fingerprint identification has been regis-
tration, library book lending, cashless catering systems and personal lockers [39].

The use of fingerprinting for identification seems intuitive in the sense that the
body parts in question are merely patterns in the skin and are probably not integral
to people’s sense of uniqueness.

It may even be less threatening to privacy than other surveillance methods
such as scanning systems that produce an image of the naked body or manual
frisking searches. However, the routine use of our body as a password may add
new dimensions to our experience of embodiment in ways unimaginable to present
generations [41].

The use of fingerprinting technology was one of the first applications of machine
pattern recognition and is well established with powerful recognition systems that
can match fingerprints with millions of matches per second. However, this process
is very complex and is not a fully solved problem. Besides the possibility to hack
such systems, it also is possible to present fake fingers to the sensors and be able to
steal other people’s identity [42].

Metal detectors are another popular formof biometric surveillance used in schools.
Biometric surveillance is one of theways that theAmerican schools are trying to solve
the problem of weapons in schools. Six percent of public schools in the country are
conducting daily or randommetal detector searches of students [43]. Metal detectors
have been argued to represent a source of fear by reminding students that their peers
may be carrying weapons. Using metal detectors alienates students and decreases
the student’s confidence in the school [44]. This fear could lead to students taking
protective measures to defend themselves and paradoxically cause more violence.

11.4.4 Psychology of School Surveillance

In order to determine if using wearable AI surveillance gadgets cause lower perfor-
mance in students, we must look at the psychological effects of being under surveil-
lance, and what issues this might cause. The literature review uncovered a worrying
lack of research regarding the psychological effects of surveillance in the classroom,
and what implications this have for student performance. AI powered surveillance
gadgets and their effects on students as a psychological topic are suffering from
serious neglect. However, there are studies on motivation, creativity and the conse-
quences of being watched that can shed some light of the possible psychological
consequences of this new technology, and its application in the classroom.

Surveillance, Reward and Motivation. One important aspect of how surveil-
lance affects student performance, is to consider its effect on students’ motivation
[45–49]. These papers investigate the effects of surveillance on intrinsic and extrinsic
rewards and motivation. An extrinsic reward is a tangible and visible reward given
to an individual for achieving something. This is the opposite of an intrinsic reward,
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which is an intangible award of recognition, such as a sense of achievement or
satisfaction from completing a task.

Intrinsic motivation refers to behaviour that is driven by intrinsic rewards, and
the motivation for this behaviour arises withing the individual because its naturally
satisfying to them. This contrasts with extrinsic motivation, where one engages in a
behaviour in order to gain external rewards or avoid punishment.

Lepper andGreene [47] did a study of 80 preschool children (4–5 years old),where
the children were to complete puzzles. Participants were divided into three condi-
tions, the expected reward condition, the unexpected reward condition, and the no
reward condition. There were three surveillance conditions. In the non-surveillance
condition, the television camera had its lens removed and was faced away from the
table where the subject was doing the puzzle, and there was nomention of the subject
being under surveillance. In the low-surveillance conditions the light that indicated
that a subject was under surveillance was turned on for one of the six puzzles. In the
high surveillance condition the light was turned on during four of the six puzzles.
Threeweeks after the individual experimental sessionwas completed, the researchers
measured the student’s intrinsic interest in solving puzzles, by having children choose
between the target activity (solving puzzles) and a variety of other activities. [48]
did the same experiment and found that the same results applied to college students.

Results [45, 47, 48] show that the expectation and receiving of an extrinsic reward
for engaging in an activity produced decreased intrinsic interest related to engaging
in that activity. Surveillance produced an even greater additional decrease in later
interest in an activity, and it also reduced participants autonomy [46, 47]. Autonomy
refers to self-government over one’s own actions, and the feeling of autonomy
decreases under surveillance. Intrinsic motivation was greater in the no-surveillance
conditions. One interesting finding from these experiments is that it made little differ-
ence whether the surveillance was constant or only occasional [46, 47]. It also inter-
esting to note that if subjects were informed that the surveillant waswatching because
he was personally interested or curious as to how people would approach an activity
it neither challenged personal autonomy nor undermined intrinsic motivation [46].

The knowledge that one’s performance at a task is being observed and evaluated by someone
else, even when there is no explicit expectation of any tangible reward for engaging in the
activity, appears sufficient to decrease later interest in the task [47].

Several studies have also looked at how intrinsic motivation is a precursor to
creativity and that extrinsic motivation has a detrimental effect on it [49–51 ]. These
studies suggest that surveillance is the killer of intrinsic motivation and creativity.

How Surveillance Influences Student Behaviour. Several studies show how
different aspects of surveillance can affect students’ behaviour online [52, 53], self-
monitoring [48], cheating and pro-social behaviour [54], moral judgements [55] and
children’s experience of trust, risk and responsibility [56, 57].

Dawson [52] investigates howonline surveillance of students affect their behavior.
Through surveys, Dawson studies the extent to which students perceived they
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changed their own online behaviour as a result of institutional surveillance tech-
niques. The results showed that “all students with browsing behaviour, range of
topics and writing style is influenced by the various modes of surveillance”.

This change in behaviour is explained through the fact that “when people are
objectively self-aware—aware of themselves as an objector as viewed by another—
they are likely to regulate themselves controllingly (i.e., as if they were concerned
about an other’s evaluation of them) [58]. One interesting finding is that students
unaware of the specific surveillance measures enacted by the institution performs a
high level of self-regulation [52].

Williamson [59] and [60] investigates theClassDojo application, which is a school
based social media platform that incorporates gamified behaviour shaping functions.
The app has been marketed as promoting positive psycho-logical concepts such
as growth mindsets and character development [59]. However, the problem with
this application is that it “requires teachers to monitor students constantly, catching
students performing particular behaviours, generating, storing and analysing data
through its software as this occurs” [60].

11.4.5 Issues

The research shows that the use of surveillance technologies is rapidly growing [26].
Schools use tragedies such as school shooting (in the United States), bullying and
suicidal students as mascots to justify the implementation of increasingly invasive
surveillance systems to track and identify students both during and after school [23,
34, 61]. Private companies that sell surveillance technology are earning massive
amounts of money to track student in social media with seemingly little regard for
their privacy [27] while fingerprint scanners and CCTV cameras track every move-
ment and action of the students while they’re at school [40]. The negative reaction
about the prison-like state, alienation and paranoia that students have reported to feel
during school [24, 29, 30, 44] raises major concerns about how wearables which are
arguably even more invasive than the technologies that are covered in this section
may affect the students trust in their schools and their sense of liberty.

11.5 Wearables in School

Wearable technology can be defined as items worn with acceptable function and
aesthetic properties, consisting of a simple interface to perform set tasks to satisfy
needs of a specific group [62]. As wearable technologies create opportunities in
educational, it is important to understand their affordances and issues.

Technology is getting smaller and is being created in everything and everywhere,
even in toys [63, 64]. With that in mind, we introduce the fourth main theme of our
systematic review, accountability of wearables in school. We have gathered around
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20 scientific articles surrounding the theme of wearables in education, from the web
of science and google scholar.

The articles we have collected are only dated 2014 and onward. This is so they
are relevant and holds the technical state of the art. The articles will be categorized
after common themes found in the articles.

11.5.1 Possibilities of Wearables in an Educational
Environment

Learn from learning. The gathered articles state that there are multiple possibilities
regarding using wearables with students in an educational domain. An emerging
theme found in 2 of the 20 articles was about how we can learn from [65, 66].
As one can use wearables to gather information about how well students learn and
how to utilize the technology for better learning environment. Geršak et al. explore
the possibilities of wearables in a classroom environment through a case study of
learning geometry using movement [65]. Goh et al. summarized potential uses for
portable tech in a classroom to improve learning and teaching practice’s [66].

First person view and simulation. Introducing new technologies in an educa-
tional domain creates new methods of learning. Virtual reality wearables can be
used to achieve a first-person view of learning new skills [67]. Examples could be
showing how to perform surgery or simulating riskier scenarios [68]. Another way
is to enhance the learning experience in general, for example with the use of google
glass as Coffman and Klinger explored in their conference paper [67].

Helping students with disabilities. [69] explores the possibility of student
engagement through wearables such as Fitbit, GoPro cameras, Google Glass and
Oculus Rift. The author also presents how students with physical disabilities can
benefit from this new technology. For example, students with visual impairments can
use google glass to help students navigate when walking, or using GPS connected
wearables so parents get notified when students are out of “bounds” from where
they should be e.g., school. This possibility is also explored by Gilmore et al., where
parents have used devices to monitor students within geo-technological fences [70].
Another possibility of using thisGPS technology is explored in the article byFreeman
et al., where the classroom is sensor tagged so visually impaired students achieve
more independence with wearing smart watches [71].

Health. Wearing Fitbit or other training wearables can be a motivation for being
healthy, by tracking activities and setting personal fitness goals [72]. In their feasi-
bility study, [73] show that wearables can be used as a motivation for students to stay
healthy. [74] focus on young people’s use of Fitbit.

They discovered that daily steps and calorie burning target did not engage young
people’s engagement more than a few weeks. These different results show us that
more research is needed to conclude whether wearables can be used as a psychical
education motivation or not [72–74].
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11.5.2 Issues

As there are multiple opportunities using wearables as a tool in education, it is
important to highlight the issues surrounding them.

Safety of the students. [69] explore how using wearables can affect student
safety. Data gathered from wearable devices can make information about students
too available compared to students not using wearables, as the data usually contains
sensitive information. Sensitive information like location, what they do, how long
they are at certain locations. Another safety aspect to consider is students who use
wearables due to health reasons, for example, drug infusion pumps [75]. Mills et al.
[75] explores a case where a drug infusion pump was hacked and “it was possible to
remotely change the amount of drug administered”. This is not necessarily awearable
device such as a Fitbit, but as new technology becomes available it might be the next
step when it comes to unsecured devices.

Distraction and dependence on technology. Students usingwearables in a class-
room environment might become too dependent on this new technology, as students
might not be able to apply the same knowledge for real-life scenarios when not using
the wearables as in school [76]. Another issue with wearable sis how they might be
a distraction for other students in a classroom environment [77].

Surveillance of Young children. [64] highlight the dangers with having tech-
nology in everything through sensors children are interacting with. Showing the
dangers on how something simple such as toys can have weaknesses that can be
exploited. Another danger of using wearable technology with such young children
is that the surveillance of children might become normalized. As parents are usually
accepting of wearables as they are easy to use and the children like them [78]. As
[79] explore the dangers on how wearable technology have authentication issues.
Thus, introducing surveillance dangers to young children.

Erosion of enjoyment. Wearables can be seen as a form of extrinsic motivator
resulting in either an extrinsic reward or punishment for the student. When students
are under constant evaluation, themotivation for doing any task is inherently extrinsic,
and the students might be awarded with praise or punished for bad results. One
negative effect of extrinsic motivation is that it can lead to the erosion of enjoyment
in tasks that were previously extrinsic. The results from [47] clearly shows how the
student’s enjoyment of playing with puzzles eroded, after being in the surveillance
group for this study, which sets us to expect the same effects in this new technology
enhanced context.

Autonomy. The real danger of widespread adoption of wearable AI surveillance
gadgets, from a psychological perspective, is that they will undermine a whole
generations intrinsic motivation to learn. This will also be detrimental to a student’s
autonomy, as the constant surveillancewill influence how they interact with theworld
around them, as shown by [52]. Dawson [52] showed that when students are under
surveillance, they restrict their actions which negatively impacts their autonomy. For
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people to feel autonomous they need to feel that they are in control of their own lives.
This control is reduced when they are under surveillance.

11.6 Algorithmic Accountability Background

Algorithmic accountability is amultidisciplinary theoretic field [80] and examines an
algorithm’s influence, mistakes or biases [81]. Algorithms are defined as instructions
fed to a computer [80, 82] and in this systematic review, algorithms or algorithmic
systems refer to AI based technology that is used in an educational environment by
young students. Issues may arise with the use of AI in education [19–21, 64, 69,
75–79] hence the importance properly defining accountability and identifying stake-
holders in an artificial technology devices’ lifetime. Accountability can be defined
as a relationship between an actor and a forum, in which the actor has an obligation
to explain and to justify his or her conduct, the forum can pose questions and pass
judgement, and the actor may face consequences [83].

One can argue that companies must assume ethical responsibilities for their
creations instead of outsourcing the ethical concerns to those directly related to the
implementation of the technology. So, who is accountable for the use of technology?
This is not an easy question to answer, and researchers arguewhether designers, users,
stakeholders, or all the mentioned are the ones accountable [84–89]. By defining
accountability and describing factors related to it, we hope to find ways to describe
responsible parties and create more transparency in the use of artificial intelligence
in education.

Decision-making algorithms must represent moral values and societal norms
related to its operational context in order to ensure accountability. Requirements
for accountability in artificial intelligence are guiding of actions (making decisions
and forming belief), and explanation (assigning decisions to a broader context and
classifying them onto moral values) [84]. Dignum [84] investigates how researchers
should approach AI system design and how complex that can be. Current machine
learning and deep learning technologies are not able to link decisions to input in
meaningful ways, which means we are not able to understand their choices.

Problems such as who is to blamewhen a self-driving car runs over someonemust
be in place in a responsible AI system and mention how participation is essential;
one must understand different cultures and lifestyles, therefore a framework that is
effective across cultures must be put in place. The author proposes the ART prin-
ciples: accountability, responsibility, transparency. Investigations into each of these
principles are essential to develop a responsible AI system [84].

Orr and Davis [86] provide an analysis of ethical responsibility in artificial intel-
ligence through interviews of field experts. The problems of ethics in AI are clearer
than the ethical responsibility. Interviewees revealed that practitioners involved in
design and development are the obvious choice as the accountable party as they are
the creators of the product. However, the subjects argue the designers are but a single
node in a more complex system.
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Regarding accountability norms, the interviews reveal a relationship between
the nodes where one has power (legislators, organizations, clients) and the others
have technical expertise (practitioners). Hence, it is not possible for practitioners to
operate in full discretion, but they must display independent results. Three stages
are identified as nodes in the system, and put together they represent the process of
defining, development, and deployment:

1. Organizations define parameters.
2. Practitioners develop hardware and software.
3. Deployment to users and machines.

The literature [ 81, 84, 86, 89–92] indicates the importance of understanding
ethics as a collaborative process that is developed through practices and negotiations
for the future of AI and the importance of accountability norms in case systems
go wrong. Decisions must be clear and made under a set of rules that define legal
fairness and transparency, identifying accountable collaboration between computer
science, law and relevant fields [85]. Torresen [93] presents the importance of control
mechanisms in systems to ensure collaboration between stakeholders, designers,
and users [86]. Hence, there is need for a regulatory institution to oversee proper
implementation [94].

The ACM Europe Council Party Committee (EUACM4) and ACM U.S. Public
Policy Council (USACM5) have together described and codified a set of principles
to ensure fair use in technological systems: Awareness, access and redress, account-
ability, explanation, data provenance, auditability, and validation and testing [90].

Accountability rejects the common deflection of blame to an automated system by ensuring
those who deploy an algorithm cannot eschew responsibility for its actions [90].

Martin [87] argues that firms who develop algorithms are responsible for the
ethical outcomes of their technologies. If some algorithm acts to influence people,
then the companies should be accountable for the influence of their technology.
By visualizing the delegation of responsibilities in algorithmic design, the author
concludes that the creator of the algorithm decides the structure and allocation and
should thus be held accountable.

Derived from this logic, inscrutable algorithms constructed as difficult to under-
stand and hard to explain, will prove greater accountability for the designer as it
excludes the involvement of users in the decision role [87]. This is defined as the
accountability gap [95]. If an algorithm does impose ethical concerns, they either
implicitly or explicitly take a stand on an ethical issue. Designers should therefore
leave ethical issues for the users or create algorithms that are transparent and easy to
understand [88].

Although algorithms are more effective and mostly timesaving, they can make
administrative powers less transparent and accountable for their decisions. Public
administrations must warrant their use by knowing what data they use, what results

4 https://acm.org/euacm.
5 https://usacm.org.

https://acm.org/euacm
https://usacm.org
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are produced and what results they were expecting [89]. It is important to expose
the design decisions and nature of algorithms in systems that consist of intercon-
nected algorithms to identify accountability and liability. Multiple initiatives can
help improve this:

1. Pilot-test the model to investigate bias and include stakeholders to have clear
definition of what you are trying to achieve

2. Publish the model and the data to explain its provenance
3. Monitor outcomes for differential impacts (e.g., focus on minorities)
4. Right to challenge and redress (e.g., EU’s General Data Protection Regulation)
5. Better governance to improve oversight
6. The private sector should adhere to standards of accountability and governance

Diakopoulos [81] discusses the importance of understanding the types of deci-
sions an algorithm can make: prioritize, classify, associate and filter. Governments
provides social goods and uses its power through moderated norms and regulations
and is accountable for the citizens. On the other hand, private organizations do not
have the same public accountability regulations. Robust policy and a transparency
standard could solve this organizational gap. [81] proposes five categories to consider
disclosing: (1)Human involvement: explain the goal, purpose and intent of the algo-
rithm (2)Data: Share data accuracy, completeness, timeliness, uncertainties andother
limitations(3)Themodel:Sharethemodelandthemodellingprocess(4)Inferencing:
Benchmarking and testing to identify further limitations (5) Algorithmic presence:
Inform when the algorithm is in use or not [81]. McGregor et al. [91] apply interna-
tional human rights law (IHRL) as a framework for algorithmic accountability, and
identify five factors for effective accountability: (1) A clear understanding and defi-
nition of "harm" (2) Full overview of the design, development and deployment cycle
of an algorithm (3) Nodes of power [86] must have clear obligations and responsi-
bilities (4) Clear guideline for emergency management of harm caused (5) Focus on
accountability measures throughout the life cycle of an algorithm [91].

Algorithmic decisions are not objective but are designed for a set of actions [96].
Organizationswant to conduct good business, butmistakes are unavoidable.Mistakes
can come through bad inputs, bad reasoning and bad executions. In order to produce
good decisions, organizations apply algorithms and autonomous systems to help this
process. However, the algorithms also produce biased decisions and make mistakes.
It is therefore important to identify mistakes in algorithmic decision making, and
these fall into two classes (1) Category mistakes and (2) Process mistakes [96].

Category mistakes are algorithms that categorize individuals and are prone to two
mistakes which are false positives (labelled as paying attention when they are not)
and false negatives (not labelled as paying attention when they are). Process mistakes
occur when an algorithm makes a fault in how a decision is made, disregarding the
outcome.

As algorithms often "learn" factors that are important from current data, they may
use unsuitable factors even when designed not to do so [96].
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Designing accountability for mistakes produces better algorithmic decisions as
they can identify responsibilities related to handling of mistakes [86, 94, 96, 97]
study governance frameworks for algorithmic accountability and transparency. Algo-
rithmic Impact Assessment (AIA) is a framework to support policymakers to under-
stand an algorithmic system, where they are used, and allow the community to raise
mitigation issues [94].

11.7 Algorithmic Accountability of Smart Technology
in Education

In this section we consider the needs and possibilities for establishing algorithmic
accountability for smart technology use in education. In Table 11.1 we have summa-
rized all the affordances and issues regarding four of the five topics of the impact
of AI on education that we investigated. The topic of AI and accountability will be
discussed separately. We base our insights on algorithmic accountability based on
these observations.

Figure 11.2 shows that AI technologies bring flexibility in the presentation of
material, personalization, and increasemotivation.Wehave listed issues that aremore
general regarding the use of AI in education. We did not find much research done
on the negative influence of AI technologies on students’ performance particularly.
There can be several reasons for it. It is possible that it is complicated to get consent
from the parents to be able to process and analyze the students’ personal data. It
also can be connected to the fact that using AI applications in schools is somehow
new phenomena as well as can be expensive to have. In addition, the fact that AI is
popular and used in various aspects of our lives make people focus on its positive
aspects more, but we still need to understand that the negative effects and problems
with AI should also be highlighted in detail.

Although the affordances for the various surveillance methods that were reviewed
are noble, several concerning reactions are revealed by the students. Hence, it is to be
argued that this prison-like state that rampant surveillance is presenting at schools,
breaches trust for all parties. Teachers lose their trust for the student’s ability to
self-monitor, while the students lose their trust in their school’s good faith as they
are treated as suspects. We believe that the goal of schools should be to provide a

Table 11.1 Thematic Overview

Topic References

Accountability [83, 89, 95, 81, 84, 90, 82, 97, 94, 88, 85, 96, 87, 91, 98, 92, 99, 93, 80]

AI in education [20, 2, 12, 9, 3, 8, 11, 18, 4, 13, 6, 7, 5, 16, 19, 15, 14, 21]

Wearables in school [63, 76, 69, 68, 79, 67, 77, 71, 65, 70, 66, 74, 64, 78, 75, 73, 72, 62]

Surveillance in school [32, 30, 41, 23, 43, 40, 37, 25, 36, 22, 39, 35, 33, 38, 42, 29, 24, 44, 34, 31, 27, 28, 61, 26]

Psychology of school
surveillance

[50, 55, 52, 58, 46, 51, 49, 53, 54, 56, 47, 60, 86, 48, 57, 59]
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Fig. 11.2 Thematic overview

safe and encouraging environment for the students to learn and discover themselves,
and the heavy use of surveillance clouds this goal by treating students as potential
wrongdoers.

Schools are supposed to teach children how to become functional and contributing
members of society as they become adults and prepare them to handle themselves
independently. As the use of wearable technologies is emerging and there are no
long-term studies done on this phenomenon. It leaves us to argue that it might be
counterproductive tomicromanage every single move that the students make tomake
sure that they fall in line without being able to evaluate themselves.

Wearables in education show great promise on the number of affordances, see
Fig. 11.2. Ranging from helping children with disabilities to health benefits. There
was a lot of researchers that utilized wearables as a data collection tool in the
classroom, but not researching on the consequence of use over time.

The lack of research in this domain might be because of how new wearable
technology is. There might be more of this research over time as wearables are
getting cheaper and more accessible. If we look at the issues listed, one might say
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that the issues have larger consequences than the affordances, thus making the issue
outweigh the affordances. The literature in psychology indicates that the use of
wearables correlates with lower school performance in young children. However,
none of the psychological studies we found used wearable technologies.

We found that the way the students were being told that they were under “surveil-
lance” affected how they perceived this surveillance, and thus also their performance.
This indicated that more work should be done with regards to how new technolo-
gies are introduced into a classroom setting, in order to reduce potential negative
consequences.

We identify accountability as a process that includes multiple stakeholders and
must thus be treated as such instead of as confined entities. The gap between govern-
ment bodies and private organizations must be closed, and regulatory frameworks
can prevent the renouncement of accountability in both sectors. By strictly defining
accountability relationships, we think that focus should shift onto design frameworks
and methods to create responsible and safe use of AI systems that can properly iden-
tify responsible agents. Through transparent design, development and deployment it
will be easier to understand the use and implementation of wearables in school.

We consider that accountability must always be identified, and the technology
itself must be explained and tested to prove its use and disprove bias and poten-
tial faulty decision-making. Further development or changes must be explained
and accepted before they are implemented. Only then can the technology be fully
transparent and successfully delegate accountability.

Sandall [98] writes “Wearable technology has the potential to impact school sin
the same way as the computers and mobile devices of today”. With this in mind, it is
important to create boundaries and identify how smart technology should be imple-
mented, as mentioned by [99]. We identify the need for a regulatory framework to
govern algorithmic account-ability with wearables in school. Based on insights from
our literature review, we propose the following framework to identify accountable
parties:

1. The establishing of a regulatory institute.
2. Publication of proposed technology.
3. Publication of scope intended use and the technology’s effect on the educational

process.
4. Properly test and identify potential faults, bias and harm.
5. Properly identify and notify necessary stakeholders. Technology must be

transparent and explainable to non-technical stakeholders.

The technology must be made publicly available along with its intended use,
scope and effects on education (e.g., open source). Faults, biases and risk manage-
ment must be identified and tested by professionals (e.g., engineers, artificial intelli-
gence experts, technology designers, educators, psychologists). Open source would
produce transparency, hence the need for a regulatory institute where experts
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can inspect the technology and make it explainable to the non-technical stake-
holders. Further, stakeholders can issue complaints and accurately be provided with
explainable action and identification of accountable parties.

For a technology to be adequate, there must be: (1) no risk of biased decision-
making to impact a student’s progress. (2) no faulty technology to physically
endanger the user, provoke fatigue, affect concentration or be uncomfortable. (3) no
possibility of the technology being hacked or misused. (4) considerations for privacy.
(5) clear guidelines for; when to use it, how to use it, emergency management.

The information on the scope must be communicated through relevant
venues, fora, and other platforms that include stakeholders (e.g., websites, email,
conferences).

Inclusion of all stakeholders is essential to manage the accountability gap. Stake-
holders include: (1) Creators of the technological idea (organization, government).
(2) Creators of the technology (engineers, programmers, designers). (3) Users of the
technology (schools, teachers, students). In the case of young students, guardianship
or authorities must be included as they make decisions while the students are below
legal age. The stakeholders must accept the usage of the proposed technology either
through communication with the school or regulatory institute and should be made
part of an obligatory assessment before a child enrolls into a school.

The regulatory institute will vary based on cultural differences (region, country,
municipality) but must include the same core components: (1) Be an agent where
the public (e.g., parents, teachers, school staff, students) can voice their concern.
(2)Actively participate in the design, development and deployment phases of
proposed technology. (3) Must approve the use of proposed technology. (4) The
institute must include experts from multiple fields, such as: wearable technology,
psychology, education, artificial intelligence, engineering and law. We consider the
regulatory institute as a necessity for the development of smart technology because
it closes the accountability gap by identifying accountable parties in the life cycle of
smart technology. Further addenda on the framework can include research into law
and the professional conduct of technology developers.

We describe some limitations to our research. Firstly, there are lack of studies
dealing with psychological effects of new technologies in the classroom. Future
work should examine how “being under surveillance” affects students, and how to
present the fact that students are indeed under surveillance. Secondly, there is limited
literature on educational surveillance that usesAI,which led to us researching general
surveillance systems and drawing parallels as to howAI assisted systemsmay impact
schools. Thirdly, the number of articles and research scope must also be considered
as a limitation factor. As we did not have access to technical product details and their
applications, we had to investigate general concepts.
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11.8 Conclusions

The purpose of this review was to identify the state of the art in smart technology in
the classroom for the purpose of gaining insights into how to establish algorithmic
accountability for this technology. We consider smart technologies as a more general
category of AI systems because it is not simple to identify which technology is AI.
We have observed that accountability is not tackled, and that smart technology use
is considered, apart from systems called AI, in relation with wearable devices and
in relation with technology used for surveillance. The more interesting aspects of
surveillance for algorithmic accountability can be found in the context of psychology
studies, so we considered these as well. Table 11.1 (In the Appendix) lists the litera-
ture included in the review organized by sub-topic. It is difficult to draw direct conclu-
sions on what kind of effect the increased use of smart technology has on students.
The research indicates that the surveillance aspect of using wearables in school can
have a negative effect on student performance. However, the extent of this impact
is not entirely clear, and more research is needed, especially regarding surveillance
supported by AI. This, we believe supports our conclusion that algorithmic account-
ability for smart technology must be considered and established before we proceed
with this trend of digitizing education.

We have identified that in order to bring some understanding to how algorithmic
accountability for smart technology can be established, research regarding different
aspects of the use of AI at schools is needed: how can smart technology affect the
performance of the students?What kind of data should be collected in order to present
the best recommendation for a learning program for a particular student? How does
the AI algorithm work? Can it fail at some point? These are questions we have hoped
to answer by doing this systematic review but have not been able to. There are a lot
of factors that must be considered on the road to algorithmic accountability of smart
technology in the classroom and some of these would be dictated by the specific
technology and specific role it is assigned in education.

11.9 Appendix

Table 11.1 lists the literature included in the review organised by sub-topic.

References

1. M. Ribble, Digital citizenship in schools: nine elements all students should know, in
International Society for Technology in Education, 3rd edn. (2015)

2. R.S. Baker, P.S. Inventado, Educational data mining and learning analytics, in Learning
Analytics: From Research to Practice, (Springer, New York, 2014), pp. 61–75. Doi:https://
doi.org/10.1007/978-1-4614-3305-7_4

https://doi.org/10.1007/978-1-4614-3305-7_4


11 Smart Technology in the Classroom: Systematic Review and Prospects … 233

3. M. Chassignol, A. Khoroshavin, A. Klimova, A. Bilyatdinova, Artificial intelligence trends in
education: a narrative overview, in Procedia Computer Science, vol. 136 (Elsevier B.V., 2018),
pp. 16–24. doi:https://doi.org/10.1016/j.procs.2018.08.233

4. R. Luckin, W. Holmes, M. Griffiths, L.B.F. Pearson, Intelligence unleashed an argument for
AI in education, in Tech. rep. (Pearson Education, London, 2016)

5. H.S. Nwana, Intelligent tutoring systems: an overview. Artif. Intell. Rev. 4(4), 251–277 (1990)
6. T. Murray, An overview of intelligent tutoring system authoring tools: updated analysis of the

state of the art, in Authoring Tools for Advanced Technology Learning Environments (Springer
Netherlands, 2003), pp. 491–544. doi:https://doi.org/10.1007/978-94-017-0819-7_17

7. J.C. Nesbit, O.O. Adesope, Q. Liu, W. Ma, How effective are intelligent tutoring systems
in computer science education?, in Proceedings–IEEE 14th International Conference on
Advanced Learning Technologies, ICALT (Institute of Electrical and Electronics Engineers
Inc., 2014), pp. 99–103. doi:https://doi.org/10.1109/ICALT.2014.38

8. C. Conati, K. Porayska-Pomsta, M. Mavrikis, Ai in education needs interpretable machine
learning: lessons from open learner modelling. arXiv preprint arXiv:180700154 (2018)

9. J. Beck,M. Stern, E. Haugsjaa, Applications of AI in education. Crossroads 3(1), 11–15 (1996).
https://doi.org/10.1145/332148.332153

10. G. Paviotti, P.G. Rossi, D. Zarka, Intelligent tutoring systems: an overview. (PensaMultimedia,
2012)

11. A.A.Gokhale, Collaborative learning enhances critical thinking. J. Technol. Educ. 7(1), (1995).
doi:https://doi.org/10.21061/jte.v7i1.a.2

12. A.L. Baylor, Promoting motivation with virtual agents and avatars: role of visual presence and
appearance. Philos. Trans. R. Soc. B Biol. Sci. 364(1535), 3559–3565 (2009). https://doi.org/
10.1098/rstb.2009.0148

13. M. Muehlenbrock, Formation of learning groups by using learner profiles and context
information, in AIED (2005), pp. 507–514

14. M. Sattar, S. Palaniappan, A. Lokman, N. Shah, U. Khalid, R. Hasan, Motivating medical
students using virtual reality based education. Int. J. Emerg. Technol. Learn. (iJET) 15(2),
160–174 (2020). https://www.learntechlib.org/p/217172

15. J. Psotka, Immersive training systems: virtual reality and education and training. Instr. Sci.
23(5–6), 405–431 (1995). https://doi.org/10.1007/BF00896880

16. V.S. Pantelidis, Virtual reality and engineering education. Comput. Appl. Eng. Educ. 5(1), 3–12
(1997)

17. V.S. Pantelidis, Reasons to use virtual reality in education and training courses and a model to
determine when to use virtual reality. Themes Sci. Technol. Educ. 10(2), 59–70 (2017)

18. M. Hussein, C. Nätterdal, The benefits of virtual reality in education-a comparison study.
Bachelor’s thesis, Chalmers University of Technology, (2015), https://core.ac.uk/download/
pdf/43559881.pdf

19. F. Pedro, M. Subosa, A. Rivas, P. Valverde, Artificial intelligence in education: challenges and
opportunities for sustainable development. (2019). https://unesdoc.unesco.org/ark:/48223/pf0
000366994

20. J. Andriessen, J. Sandberg, Where is education heading and how about ai. Int. J. Artif. Intell.
Educ. 10(2), 130–150 (1999)

21. B.P. Woolf, H.C. Lane, V.K. Chaudhri, J.L. Kolodner, Ai grand challenges for education. AI
Mag. 34(4), 66 (2013)

22. A. Hope, Governmentality and the ‘Selling’ of school surveillance devices. Sociol. Rev. 63(4),
840–857 (2015). https://doi.org/10.1111/1467-954X.12279

23. R. Casella, School security and its corporate offerings, inThe Palgrave International Handbook
of School Discipline, Surveillance, and Social Control, (Springer International Publishing,
2018), pp. 389–404. doi:https://doi.org/10.1007/978-3-319-71559-9_20

24. J.P. Nance, School surveillance and the fourth amendment. Wisconsin Law Rev. 2014
25. A. Hope, CCTV, school surveillance and social control. Br. Edu. Res. J. 35(6), 891–907 (2009).

https://doi.org/10.1080/01411920902834233

https://doi.org/10.1016/j.procs.2018.08.233
https://doi.org/10.1007/978-94-017-0819-7_17
https://doi.org/10.1109/ICALT.2014.38
https://doi.org/10.1145/332148.332153
https://doi.org/10.21061/jte.v7i1.a.2
https://doi.org/10.1098/rstb.2009.0148
https://www.learntechlib.org/p/217172
https://doi.org/10.1007/BF00896880
https://core.ac.uk/download/pdf/43559881.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000366994
https://doi.org/10.1111/1467-954X.12279
https://doi.org/10.1007/978-3-319-71559-9_20
https://doi.org/10.1080/01411920902834233


234 M. Ovchinnikova et al.

26. E. Taylor, et al., The rise of the surveillance school, in Routledge handbook of surveillance
studies (2012) pp. 225–232

27. E. Taylor, I spy with my little eye: the use of CCTV in schools and the impact on privacy.
Sociol. Rev. 58(3), 381–405 (2010). https://doi.org/10.1111/j.1467-954X.2010.01930.x

28. E. Taylor, UK schools, CCTV and the data protection act 1998. J. Educ. Policy 26(1), 1–15
(2011). https://doi.org/10.1080/02680939.2010.493226

29. M. McCahill, R. Finn, The social impact of surveillance in three UK schools: ’angels’, ’devils’
and ’teen mums’. Surv. Soc. 7(3/4), (2010). doi:https://doi.org/10.24908/ss.v7i3/4.4156

30. M. Birnhack, L. Perry-Hazan, S. German Ben-Hayun, CCTV surveillance in primary schools:
normalisation, resistance, and children’s privacy consciousness. Oxf. Rev. Educ. 44(2), 204–
220 (2018). https://doi.org/10.1080/03054985.2017.1386546

31. V. Steeves, P. Regan, L.R. Shade, Digital surveillance in the networked classroom, in The
Palgrave International Handbook of School Discipline, Surveillance, and Social Control
(Springer International Publishing, 2018), pp. 445–466. doi:https://doi.org/10.1007/978-3-319-
71559-9_23

32. D. Ahrens, Schools, cyberbullies, and the surveillance state. Am. Crim. Law Rev. 49 (2012)
33. A.D. Hope, School internet use: case studies in the sociology of risk. Ph.D. thesis, Durham

University, 2002
34. L.R. Shade, R. Singh, “Honestly, we’re not spying on kids”: school surveillance of young

people’s social media. Soc. Media+Soc. 2(4):205630511668000 (2016). doi:https://doi.org/
10.1177/2056305116680005

35. A. Hope, Unsocial media: school surveillance of student internet use, in The Palgrave Interna-
tional Handbook of School Discipline, Surveillance, and Social Control (Springer International
Publishing, 2018), pp. 425–444. doi:https://doi.org/10.1007/978-3-319-71559-9_22

36. A. Hope, The shackled school internet: Zemiological solutions to the problem of over-blocking.
Learn.Media Technol. 38(3), 270–283 (2013). https://doi.org/10.1080/17439884.2012.670646

37. A. Hope, Risk taking, boundary performance and intentional school internet "misuse". (2007).
doi:https://doi.org/10.1080/01596300601073663

38. A.K. Jain, A. Ross, Introduction to biometrics. In: Handbook of Biometrics (Springer, US,
2007), pp. 1–22. doi:https://doi.org/10.1007/978-0-387-71041-9_1

39. A. Hope, Biopower and school surveillance technologies 2.0. Br. J. Sociol. Educ. 37(7), 885–
904 (2016). doi:https://doi.org/10.1080/01425692.2014.1001060

40. S.L. Gray, Biometrics in schools, in The Palgrave International Handbook of School Disci-
pline, Surveillance, and Social Control (Springer International Publishing, 2018), pp. 405–424.
doi:https://doi.org/10.1007/978-3-319-71559-9_21

41. T. Bryce, M. Nellis, A.J. Corrigan, H. Gallagher, P. Lee, H. Sercombe, Biometric surveillance
in schools: cause for concern or case for curriculum? Scott. Educ. Rev. 42(1), 3–22 (2010)

42. D. Maltoni, R. Cappelli, Fingerprint recognition, inHandbook of biometrics, (Springer, 2008),
pp. 23–42

43. B. Gastic, Metal detectors and feeling safe at school. Educ. Urban Soc. 43(4), 486–498 (2011).
https://doi.org/10.1177/0013124510380717

44. C.J. Schreck, J.M.Miller, Sources of fear of crime at school:What is the relative contribution of
disorder, individual characteristics, and school security? J. Sch. Violence 2(4), 57–79 (2003).
https://doi.org/10.1300/J202v02n04_04

45. E.L. Deci, R.M. Ryan, R. Koestner, A meta-analytic review of experiments examining the
effects of extrinsic rewards on intrinsic motivation. DOI (1999). https://doi.org/10.1037/0033-
2909.125.6.627

46. M.E. Enzle, S.C. Anderson, Surveillant intentions and intrinsic motivation. J. Pers. Soc.
Psychol. 64(2), 257–266 (1993). https://doi.org/10.1037/0022-3514.64.2.257

47. M.R. Lepper, D. Greene, Turning play into work: effects of adult surveillance and extrinsic
rewards on children’s intrinsic motivation. J. Pers. Soc. Psychol. 31(3), 479 (1975)

48. R.W. Plant, R.M. Ryan, Intrinsic motivation and the effects of self-consciousness, self-
awareness, and ego-involvement: an investigation of internally controlling styles. J. Pers. 53(3),
435–449 (1985). https://doi.org/10.1111/j.1467-6494.1985.tb00375.x

https://doi.org/10.1111/j.1467-954X.2010.01930.x
https://doi.org/10.1080/02680939.2010.493226
https://doi.org/10.24908/ss.v7i3/4.4156
https://doi.org/10.1080/03054985.2017.1386546
https://doi.org/10.1007/978-3-319-71559-9_23
https://doi.org/10.1177/2056305116680005
https://doi.org/10.1007/978-3-319-71559-9_22
https://doi.org/10.1080/17439884.2012.670646
https://doi.org/10.1080/01596300601073663
https://doi.org/10.1007/978-0-387-71041-9_1
https://doi.org/10.1080/01425692.2014.1001060
https://doi.org/10.1007/978-3-319-71559-9_21
https://doi.org/10.1177/0013124510380717
https://doi.org/10.1300/J202v02n04_04
https://doi.org/10.1037/0033-2909.125.6.627
https://doi.org/10.1037/0022-3514.64.2.257
https://doi.org/10.1111/j.1467-6494.1985.tb00375.x


11 Smart Technology in the Classroom: Systematic Review and Prospects … 235

49. B.A. Hennessey, If I were secretary of education: Afocus on intrinsic motivation and creativity
in the classroom. Psychol. Aesthet. Creat. Arts 9(2), 187–192 (2015). doi:https://doi.org/10.
1037/aca0000012

50. T.M. Amabile, Effects of external evaluation on artistic creativity. J. Pers. Soc. Psychol. 37(2),
221–233 (1979). https://doi.org/10.1037/0022-3514.37.2.221

51. B.A. Hennessey, The social psychology of creativity. Scand. J. Educ. Res. 47(3), 253–271
(2003). https://doi.org/10.1080/00313830308601

52. S. Dawson, The impact of institutional surveillance technologies on student behaviour. Faculty
of Sci. Med. Health–Pap. Pt. A (2006)

53. A. Hope, Panopticism, play and the resistance of surveillance: case studies of the observation
of student Internet use in UK schools. Br. J. Sociol. Educ. 26(3), 359–373 (2005). https://doi.
org/10.1080/01425690500128890

54. A.M. Jansen, E. Giebels, T.J. van Rompay, M. Junger, The influence of the presentation of
camera surveillance on cheating and pro-social behavior. Front. Psychol. 9 (2018). doi:https://
doi.org/10.3389/fpsyg.2018.01937

55. P. Bourrat, N. Baumard, R. McKay, Surveillance cues enhance moral condemnation. Evol.
Psychol. 9(2), 193–199 (2011). https://doi.org/10.1177/147470491100900206

56. D. Knox, A good horse runs at the shadow of the whip: surveillance and organizational trust
in online learning environments. Can. J. Media Stud. 7 (2010)

57. T. Rooney, Trusting children: how do surveillance technologies alter a child’s experience of
trust, risk and responsibility? Surveill. Soc. 7(3/4), 344–355 (2010). https://doi.org/10.24908/
ss.v7i3/4.4160

58. E.L. Deci, R.M. Ryan, The support of autonomy and the control of behavior. J. Pers. Soc.
Psychol. 53(6), 1024 (1987)

59. B. Williamson, Decoding classdojo: psycho-policy, social-emotional learning and persuasive
educational technologies. Learn. Media Technol. 42(4), 440–453 (2017)

60. J. Manolev, A. Sullivan, R. Slee, Learning, media and technology the datafication of discipline:
classdojo, surveillance and a performative classroom culture. Taylor Francis 44(1), 36–51
(2018). https://doi.org/10.1080/17439884.2018.1558237

61. E. Taylor, Surveillance schools. Palgrave Macmillan UK (2013). https://doi.org/10.1057/978
1137308863

62. S. Wilson, R.M. Laing, Wearable technology: present and future, in 91st World Conference of
The Textile Institute (2018)

63. C. Anderson, K. Anderson, Wearable technology: it has a place in schools-learning & tech-
nology library (LearnTechLib), inAssociation for the Advancement of Computing in Education
(2017)

64. D. Holloway, L. Green, The Internet of toys. Commun. Res. Pract. 2(4), 506–519 (2016).
https://doi.org/10.1080/22041451.2016.1266124

65. V. Geršak, H.S. Vitulic, S. Prosen, G. Starc, I. Humar, G. Geršak, Use of wearable devices
to study activity of children in classroom; case study—learning geometry using movement.
Comput. Commun. 150, 581–588 (2019). https://doi.org/10.1016/j.comcom.2019.12.019

66. F. Goh, A. Carroll, R.M. Gillies, A review of the use of portable technologies as observational
aids in the classroom. Inform. Learn. Sci. 120(3–4), 228–241 (2019). https://doi.org/10.1108/
ILS-08-2018-0080

67. T. Coffman, M.B. Klinger, Google glass: using wearable technologies to enhance teaching and
learning, in Association for the Advancement of Computing in Education (AACE) (2015)

68. M. Bower, D. Sturman, What are the educational affordances of wearable technologies?
Comput. Educ. 88, 343–353 (2015). https://doi.org/10.1016/j.compedu.2015.07.013

69. A.C. Borthwick, C.L. Anderson, E.S. Finsness, T.S. Foulger, Special article personal wearable
technologies in education: value or villain? J. Dig. Learn. Teach. Educ. 31(3), 85–92 (2015).
https://doi.org/10.1080/21532974.2015.1021982

70. J.N. Gilmore, Securing the kids: geofencing and child wearables. Convergence (2019). https://
doi.org/10.1177/1354856519882317

https://doi.org/10.1037/aca0000012
https://doi.org/10.1037/0022-3514.37.2.221
https://doi.org/10.1080/00313830308601
https://doi.org/10.1080/01425690500128890
https://doi.org/10.3389/fpsyg.2018.01937
https://doi.org/10.1177/147470491100900206
https://doi.org/10.24908/ss.v7i3/4.4160
https://doi.org/10.1080/17439884.2018.1558237
https://doi.org/10.1057/9781137308863
https://doi.org/10.1080/22041451.2016.1266124
https://doi.org/10.1016/j.comcom.2019.12.019
https://doi.org/10.1108/ILS-08-2018-0080
https://doi.org/10.1016/j.compedu.2015.07.013
https://doi.org/10.1080/21532974.2015.1021982
https://doi.org/10.1177/1354856519882317


236 M. Ovchinnikova et al.

71. E. Freeman, G. Wilson, S. Brewster, G. Baud-Bovy, C. Magnusson, H. Caltenco, Audible
beacons and wearables in schools: Helping young visually impaired children play and move
independently, in Conference on Human Factors in Computing Systems - Proceedings, Asso-
ciation for Computing Machinery, vol. 2017 (New York, NY, USA, 2017), pp. 4146–4157.
doi:https://doi.org/10.1145/3025453.3025518

72. A.M. Ortiz, S.J. Tueller, S.L. Cook, R.D. Furberg, ActiviTeen: a protocol for deployment of a
consumer wearable device in an academic setting. JMIRRes. Protoc. 5(3), e153 (2016). https://
doi.org/10.2196/resprot.5934

73. J. Müller, A.M. Hoch, V. Zoller, R. Oberhoffer, Feasibility of physical activity assessment with
wearable devices in children aged 4–10 years-a pilot study. Front. Pediatr. 6 (2018). doi:https://
doi.org/10.3389/fped.2018.00005

74. V.A. Goodyear, C. Kerner, M. Quennerstedt, Young people’s uses of wearable healthy lifestyle
technologies; surveillance, self-surveillance and resistance. Sport Educ. Soc. 24(3), 212–225
(2019). https://doi.org/10.1080/13573322.2017.1375907

75. A.J.Mills, R.T.Watson, L. Pitt, J. Kietzmann,Wearing safe: physical and informational security
in the age of the wearable device. Bus. Horiz. 59(6), 615–622 (2016). https://doi.org/10.1016/
j.bushor.2016.08.003

76. B. Attallah, Z. Ilagure, Wearable technology: facilitating or complexing education? Int. J.
Inform. Educ. Technol. 8(6), 433–436 (2018). https://doi.org/10.18178/ijiet.2018.8.6.1077

77. F. De Arriba-Pérez, M. Caeiro-Rodríguez, J.M. Santos-Gago, Towards the use of commercial
wrist wearables in education, in Proceedings of 2017 4th Experiment at International Confer-
ence: Online Experimentation, exp.at 2017 (Institute of Electrical and Electronics Engineers
Inc., 2017). pp. 323–328. doi:https://doi.org/10.1109/EXPAT.2017.7984354

78. K.A. Mackintosh, S.E. Chappel, J. Salmon, A. Timperio, K. Ball, H. Brown, S. Macfarlane,
N.D. Ridgers, Parental perspectives of a wearable activity tracker for children younger than 13
years: acceptability and usability study. JMIR mHealth and uHealth 7(11) (2019). doi:https://
doi.org/10.2196/13858

79. K.W. Ching, M.M. Singh, Wearable technology devices security and privacy vulnerability
analysis. Int. J. Netw. Sec. Appl. 8(3), 19–30 (2016). https://doi.org/10.5121/.nsa.2016.8302

80. M. Wieringa, What to account for when accounting for algorithms: a systematic literature
review on algorithmic accountability, in FAT* 2020—Proceedings of the 2020 Conference on
Fairness, Accountability, and Transparency, Association for Computing Machinery, Inc, (New
York, NY, USA, 2020), pp. 1–18. doi:https://doi.org/10.1145/3351095.3372833

81. N. Diakopoulos, Accountability in algorithmic decision making. Commun. ACM 59(2), 56–62
(2016). https://doi.org/10.1145/2844110

82. A. Goffey, Algorithm, in Software Studies: A Lexicon, ed. by M. Fuller. (MIT Press, 2008)
83. M.Bovens,Analysing and assessing accountability: a conceptual framework. Eur. Law J. 13(4),

447–468 (2007). doi:https://doi.org/10.1111/j.1468-0386.2007.00378.x
84. V. Dignum, Responsible artificial intelligence: designing AI for human values (Springer, 2017)
85. J.A. Kroll, J. Huey, S. Barocas, E.W. Felten, J.R. Reidenberg, D.G. Robinson, H. Yu,

Accountable algorithms. Univ. Pa. Law Rev. 165(3), 633–705 (2017)
86. W. Orr, J.L. Davis, Attributions of ethical responsibility by artificial intelligence practitioners.

Inform. Commun. Soc. 1–17 (2020). doi:https://doi.org/10.1080/1369118X.2020.1713842
87. K.Martin, Ethical implications and accountability of algorithms. J.Bus. Ethics160(4), 835–850

(2019). https://doi.org/10.1007/s10551-018-3921-3
88. F. Kraemer, K. van Overveld, M. Peterson, Is there an ethics of algorithms? Ethics Inf. Technol.

13(3), 251–260 (2011). https://doi.org/10.1007/s10676-010-9233-7
89. I. Cerrillo, A. Martínez, (2019) How can we open the black box of public administration?

Transparency and accountability in the use of algorithms. Rev Catalana Dret Public 58, 13–28
(2019). https://doi.org/10.2436/rcdp.i58.2019.3277

90. S. Garfinkel, J. Matthews, S.S. Shapiro, J.M. Smith, Toward algorithmic transparency and
accountability. Commun. ACM 60(9), 5 (2017). https://doi.org/10.1145/3125780

91. L. McGregor, D. Murray, V. Ng, International human rights law as a framework for algorithmic
accountability. Int. Comp. Law Q. 68(2), 309–343 (2019). https://doi.org/10.1017/S00205893
19000046

https://doi.org/10.1145/3025453.3025518
https://doi.org/10.2196/resprot.5934
https://doi.org/10.3389/fped.2018.00005
https://doi.org/10.1080/13573322.2017.1375907
https://doi.org/10.1016/j.bushor.2016.08.003
https://doi.org/10.18178/ijiet.2018.8.6.1077
https://doi.org/10.1109/EXPAT.2017.7984354
https://doi.org/10.2196/13858
https://doi.org/10.5121/.nsa.2016.8302
https://doi.org/10.1145/3351095.3372833
https://doi.org/10.1145/2844110
https://doi.org/10.1111/j.1468-0386.2007.00378.x
https://doi.org/10.1080/1369118X.2020.1713842
https://doi.org/10.1007/s10551-018-3921-3
https://doi.org/10.1007/s10676-010-9233-7
https://doi.org/10.2436/rcdp.i58.2019.3277
https://doi.org/10.1145/3125780
https://doi.org/10.1017/S0020589319000046


11 Smart Technology in the Classroom: Systematic Review and Prospects … 237

92. H. Shah, Algorithmic accountability. Philos. Trans. R. Soc. AMath. Phys. Eng. Sci. 376(2128),
20170362 (2018). https://doi.org/10.1098/rsta.2017.0362

93. J. Torresen, A review of future and ethical perspectives of robotics and AI. Front. Robot. AI 4,
75 (2018). https://doi.org/10.3389/frobt.2017.00075

94. A. Koene, C. Clifton, Y. Hatada, H. Webb, R. Richardson, A governance framework for
algorithmic accountability and transparency. (2019). https://doi.org/10.2861/59990

95. K. Crawford, J. Schultz, AI systems as state actors. Columbia LawRev. 119, 1941–1972 (2019)
96. K. Martin, Designing ethical algorithms. MIS Q. Executive 18(2) (2019a)
97. Y. Kanellopoulos, A model for evaluating algorithmic systems accountability. arXiv preprint

arXiv:180706083 (2018)
98. B.K. Sandall, Wearable technology and schools: where are we and where do we go from here?

J. Curr. Teach. Learn. Leadership Educ. 1(1) (2016)
99. H. Strandell, Mobile phones in children’s after-school centres: stretching of place and control.

Mobilities 9(2), 256–274 (2014). https://doi.org/10.1080/17450101.2013.802488

https://doi.org/10.1098/rsta.2017.0362
https://doi.org/10.3389/frobt.2017.00075
https://doi.org/10.2861/59990
https://doi.org/10.1080/17450101.2013.802488


Chapter 12
Objective Tests in Automated Grading
of Computer Science Courses:
An Overview
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Abstract In this chapter, we analyze and mutually compare the most used objective
tests in computer science courses in Learning Management Systems (e.g., Moodle)
and MOOCs. We outline their advantages, technical limitations, and ethical chal-
lenges.We also consider test feedbackmechanisms that facilitate continuous learning
for students as well as the identification and recognition of possible evaluation
mistakes of the system of AI-supported methods for automating objective tests in
programming. These tests come with a range of technical challenges to promote
students’ empowerment and support their autonomy in the learning process. There
are also ethical challenges that arise when a human evaluator is replaced by soft-
ware. We discuss and analyze these tests and focus on identifying and mitigating
the context-specific ethical challenges. A clearly defined form of evaluation also
checks and promotes students’ integrity and genuineness in summative evaluations.
Contrarily, in formative evaluations, automatedobjective tests should help tomotivate
students to commit to the learning process.We emphasize the essential characteristics
for these tests to correctly provide these two types of evaluations in courses.
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12.1 Introduction

The demand for professionals with programming skills and most recently AI skills
is constantly growing. We observe an ever-increasing number of students in both
face-to-face and online engineering and programming courses. Yet, the number of
lecturers and teaching assistants does not keep pace with the student demand. As a
result, the number of students per course increases, leading to massification issues
most evident in the Massive Open Online Courses (MOOCs). One of the issues is
related to student dropout and disengagement, mostly due to the lack of motivation
(see, e.g., [80]).

Interlaced with this problem is the issue related to the effective and continuous
assessment of the students’ progress in time. In order to determine students’ compe-
tency in achieving curriculum expectations, summative tests assess what has already
been learned and is often done at the end of the unit, period, or course. Ultimately, the
goal is to assure the assessment is meaningful to support well-designed lesson plan-
ning. The assessment should be both consistent and valid aswell as fair to all students.
By fair, we mean impartial and just without favoritism or any kind of discrimination.

Technology can assist us in providing authentic cross-curricular assessment
through the use of online education platforms as an aid to the teaching in the
classroom as well as a support of the courses held completely online through,
e.g., Learning Management Systems (e.g., Moodle1) or MOOCS. In such plat-
forms, objective tests are the most common way of student evaluation. They are
automatically evaluated providing interpretive reports. The strengths of automated
tests, among others, include objectivity, consistency, speed, and 24 h availability
[4]. Other ICT technologies in assessment that are out of the scope of this chapter
include AI-based robotic process automation, machine learning, pattern matching,
and natural language processing; all of these giving new perspectives to the Tech-
nologies Enhanced Learning (TEL), especially for exam and progress evaluation
(see, e.g., [39]).

In this chapter, we analyze and mutually compare the most used objective tests in
computer science (CS) courses taught online. We outline their advantages, technical
limitations, and ethical challenges. We also consider test feedback mechanisms that
facilitate continuous learning for students. These tests and their feedbackmechanisms
come with a range of technical challenges to promote students’ empowerment and
support their autonomy in the learning process.

There are also ethical challenges that arise when a human evaluator is replaced by
software (fairness, transparency, bias, explainability, etc.). Numerous ethical guide-
lines and some laws (e.g., GDPR in the EU) are being proposed to ensure that the
use of personal data and automation of human tasks are done ethically. Of particular
concern is the possibility for an automated process to introduce or reinforce bias in
society, or operate unjustly, cutting stakeholders and users from the ability to correct
introduced mistakes. Although some general principles can be outlined for all TEL

1 Moodle; http://www.moodle.org. Accessed 1 July 2021.

http://www.moodle.org
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solutions, there remains the need to discuss and analyze them in a specific context
and focus on identifying and mitigating the context-specific ethical challenges.

Nonetheless, objective tests serve more roles than just establishing whether the
student has given a correct answer to a problem. A clearly defined form of evaluation
also checks and promotes the integrity and genuineness of a student (e.g., prevent a
student gaming the system) in a summative evaluations context. On the other hand,
in a formative evaluations context, objective tests should help motivate students to
commit to the learning process. We emphasize the essential characteristics for these
tests to correctly provide these two types of evaluations in computer science courses.

Our methodological approach to this overview is drawn from three main concerns
from the point of view of the students and the teachers using objective tests in auto-
mated grading of computer science courses: their advantages, limitations, and ethical
challenges. As such, this chapter is not intended as a review of the current state of
research in objective tests but is rather an overview capturing key aspects of objec-
tive tests in automated grading of computer science courses. It is intended both as
introductory material for the researchers in the field as well as for the teachers using
objective tests in automated grading of their computer science courses. The method-
ology encompasses objective test development and design activities, a description
of challenges to sustain their efficient and effective use, and applicability criteria
outlining the kind of learning outcomes and tasks that can benefit from them. This
chapter is organized as follows. In Sect. 12.2, we give an overview of learning assess-
ment and online objective tests in automated grading of computer science courses.
We discuss the differences between assessment and testing, and subjective versus
objective assessment. We give five principles of testing and assessment that will be
used as key performance indicators in the evaluation of objective tests. In Sect. 12.3,
we categorize objective tests, while in Sect. 12.4, we discuss bias, ethical issues and
explainability in objective tests in automated grading of computer science courses.
Finally, in Sect. 12.6, we consider open challenges and discuss the requirements for
future proactive automated grading systems.

12.2 Background

Student learning outcomes are the knowledge, skills, attitudes, and values that
students obtain in a course. These outcomes identify the obtained student’s abili-
ties and aptitude related with the learned material at the end of the course as well as
the value of the learning process. Based on the hierarchy of cognitive-learning levels
of Bloom’s taxonomy [6, 16], cognitive domain can be divided in: (i) knowledge
of specific facts and conventions that is the lowest-level of learning shown through
remembering of previously learned material, (ii) comprehension or understanding,
(iii) application or the ability to use the learned material in a new and concrete situa-
tion, (iv) analysis or the ability to break down the learnedmaterial into its components
to analyze their relationships and to recognize underlying organizational principles,
(v) synthesis or the ability to resolve contradictions and to create a new whole by
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mutually assembling the parts, and (vi) evaluation or the ability to judge the value
of compiled material for a given purpose.

The necessary cognitive skill required in higher-education computer science
courses is to understand basic programming concepts, principles, and paradigms, i.e.,
the main constructive elements for writing program code. However, understanding
the concepts and principles does not assure the capacity to write computer programs,
which requires extensive practical experience and skills. To acquire them, a student
should develop a higher-level knowledge by applying the guiding concepts, princi-
ples, and paradigms on simple programming tasks, analyze the code for debugging
tasks, and synthesize the code in advanced programming assignments.

12.2.1 Differences Between Assessment and Testing

Testing serves to determine final grades or to make promotion decisions, to identify
the areas that need improvement or stronger emphasis or where the curriculum is
weak, to motivate students to study and to communicate to students what material is
important (see, e.g., [58].

Conventional classroom tests are performed in a given limited time in a written
or oral form to measure the learning process at a specific point in time. Assessment
is a broader concept of testing where a teacher uses a range of continuous-learning
procedures to evaluate the learning process and includes both formal and informal
observable measures for judgement (see, e.g., [15, 61]. It is a continuous process in
which measurable and clear student learning outcomes determine how well student
learning matches expectations (see, e.g., [19, 89]).

We can distinguish formative (used during the teaching process), summative
(measuring long term academic goals, mostly used for grading, e.g., midterms and
final unit tests and projects), and diagnostic assessments (used to get prior knowledge
on students and to plan future instruction, e.g., a test before a course).

Formal assessments are strict and specific testing procedures and rules, e.g., a
standardized test such as the SAT), while informal assessments lack supporting
data and use normal classroom testing procedures. Performance-based assessments
assess student’s ability to complete work in an academic task, e.g., the design of an
application for a computer programming class.

From the point of view of administering the assessment, it can be an individual
or group assessment. Norm-referenced assessments are based on a comparison of
students against similar demographics.
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12.2.2 Objective Versus Subjective Tests

Generally, we can divide test questions into objective and subjective ones. In an
objective question, a student should select the correct response from several alterna-
tives or provide a short answer or complete a statement. Subjective questions, on the
other hand, allow for an extended original answer to a question in terms of an essay,
a problem solving or performance answer. Choosing between objective or subjective
tests depends on the learning objective that we want to measure.

Automated assessment requires questions that can be marked objectively. There
is no objective assessment in the absolute meaning of that word. Each assessment
performed by a human is made with inherent bias built into decisions about relevant
subject matter and content. If a teacher is not cross-culturally sensitive, further bias
related with socioeconomic status, age, disability, cultural background, ethnicity,
religion, gender, and sexual orientation may occur (see, e.g., [53, 72]).

However, in addition to these biases, subjective assessment is further limited by
individual evaluators that can rate the same exam differently over time. The lack of
anonymity as well as handwriting and grammar can affect the grading process (see,
e.g., [71]).

The presence of marking bias requires either the use of multiple assessors for each
student, or standardization of marks between assessors, to minimize the problem.
This problem is related to intra- and inter-rater reliability.

For a teacher, subjective questions are generally easier and faster to construct than
most objective questions. Students with good writing skills will generally perform
better in subjective tests. Moreover, due to the extent of time required to respond to a
subjective question, the number of the questions in a subjective test is generallymuch
lower than the same in an objective test. In the case of lack of penalties, objective
tests can be correctly answered through blind guessing, while subjective tests can be
partially responded through well-written bluffing.

For some learning purposes, objective or subjective tests may provemore efficient
andappropriatebutbothcanmeasure similar content and learningobjectives.Students
respond almost identically to both tests covering the same content (see, e.g., [42]).

12.2.3 Five Principles of Testing for Assessment

The five commonly recognized principles of testing and assessment are: validity,
reliability, authenticity, practicality, and washback.

Validity

There are multiple definitions of validity in the literature that seem to be evolving
(see, e.g., [64]). One of them is that validity considers the extent to which inferences
made from the scores on a test are appropriate, meaningful, and useful for the purpose
of the test [55]. Airasian [2] defines validity as the degree to which assessment
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information permits correct interpretations of the desired kind. In general, validity
concerns accurate measuring of what we aim to measure through test results; it is a
measure of fitness for the decisions that will be based on those scores.

Reliability

Reliability is related to the degree of consistency of test scores or the degree to which
they are free from various types of chance effects and errors of measurement (see,
e.g., [24]). Reliability considers the likelihood that a student’s score would change
if that student repeated the same test or took another version of the test.

Reliability can be classified into student reliability (factors that affect a student’s
state of mind in the testing process resulting in an inaccurate test score), intra-rater
reliability, i.e., how consistently the teacher scores individual tests in the class due
to, e.g., fatigue, imprecise marking criteria, or student bias, inter-rater reliability,
i.e., how criteria change from one teacher to another evaluating the same class tests,
and test reliability, or how much, if a test is to be taken more than once, two or
more equivalent forms of the same test mimic one another while being sufficiently
different to avoid for the student to look up the answer.

Test reliability can be improved by clear task instructions. If the instructions are
clear, themarkswill bemore consistent because the taskmakers knowwhat to expect.
Clear assessment criteria and scales are another way of increasing reliability because
if the raters knowwhat they need to focus on in marking, they will have high levels of
agreement. The reliability is also increased by training teachers/examiners to deliver
tests and score tests in a consistent way.

Clear assessment criteria and scales are supported by an analytic scale that breaks
down the holistic scale based on certain criteria, and it facilitates reliability as the
teachers can follow the scale in marking a test taker.

Authenticity

Authenticity relates to how closely tested material matches authentic challenges
and conditions of real-world applications that students will encounter outside the
classroom, i.e., authentic tasks in authentic contexts closely related to work done in
the real world that students may engage in once they leave the class. Authentic tests
involve engaging problems or questions of importance, error-free representation of
the real-world context or field of study, and challenging tasks, among others (see,
e.g., [97]).

As an example, problem-based learning (PBL) develops higher-order thinking
skills by providing students with authentic and complex tasks that take place in real-
world settings. However, multiple choice questions are not a particularly authentic
testing method in checking the programming knowledge nor are they appropriate as
predictors of real-world training criteria.

Practicality

Practicality relates to test logistics such as development time, scoring time, budget,
resources, feedback delivery and administration issues including the means of test
evaluation. A test is practical if it respects budgetary limits, it can be performed
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entirely within the given test writing time, requiring not more than available human
and material resources for both design, test monitoring, and scoring (see, e.g., [20]).

Washback

Test impact or washback relates to the direct effect of the test on learning and is the
feedback given to students following a test or assessment. The best way to improve
the impact is to test those abilities whose development you would like to encourage
and not necessarily what is easiest to test. The challenge here is transmitting the
results in a positive way that does not overwhelm the student in the most adequate
form.

Formative feedback is aimed at helping students to improve their skills. Keuning
et al. [63] give a systematic literature review of automated feedback generation for
programming exercises in 101 tools to find out what kind of feedback is provided,
which techniques are used to generate the feedback, how adaptable the feedback
is, and how these tools are evaluated. They argue that feedback mostly focuses on
identifying mistakes and less on fixing problems and taking a next step while the
tools are not easily adaptable by teachers to their own needs.

To conclude, an effective and efficient test should test what it sets out to test
(validity) while producing scores that can be trusted (reliability) and supporting
learning (positive impact). However, it should be practical to develop and deliver.

The gender and background of the learner as well as personality traits could affect
the way they perform (see, e.g., [85]).

12.2.4 Online Educational Assessment

Both examiners and students usually prefer online testing because of the convenience
of the online platforms.

The ever-increasing number of online courses and MOOCs requires the use of
techniques and methods to assess online learners. Although the use of computers
brings many benefits for teaching [14], the very context of online education makes
online assessments problematic and difficult for teachers. Indeed, learners are
increasingly more numerous (often several thousand in the case of MOOCs), and
they are in a distance learning context, both distant from other learners and teachers.
Therefore, it becomes difficult to assess some elements which were first rather easily
observable, like learner’s participation or effectiveness regarding a specific task (e.g.
is it really the learner who performed the task?). Furthermore, the formalism induced
by learning systems hinders the evaluation of learners’ competencies. Common ques-
tions we face when setting up such online courses are for example how could several
dozens of a learner’s open text responses be evaluated or how could soft skills be
assessed in online training as well?

These issues are emphasized by the fact that classical assessments have been
carried over online courses. Notable among those is the evaluation by tests that
reports the result of a reasoning process (answer to a problem, closed question, etc.).
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They are poorly suited to the assessment of skills and give little to no information
about the reasoning behind the given result. However, online grading is fast during
the actual grading phase, but some of this benefit is offset by the additional overhead
prior to online grading [23].

There is also online homework, which is a more complete approach than a simple
test since it requires learners to produce an authentic document. However, due to the
context of online courses, they are difficult and time-consuming to set up for mass
training courses, and this raises important questions regarding learner’s honesty.

Consequently, several new modalities have emerged these last years to tackle
these issues, mostly shifting the focus of examination towards the students. It is
the case of ePortoflio assessments for example, which propose an increased range
of evidence such as video, text or even audio, to facilitate assessment and bring
meaningful information for learners [99]. Nonetheless, widely used modalities are
peer evaluations (e.g., [60, 92, 100]), where learners contribute to the grading of other
learners, thus increasing their engagement and mobilizing their skills, particularly in
MOOCs [74], and self-assessment were the learners grade their own assignments.
Additionally, these two modalities bring strong formative feedback [93] and are
already in use, for example, in Coursera and EdX.

Moreover, researchers in Learning Analytics (LA) and Educational Data Mining
(EDM) explore the new possibilities offered by the online educational environment
bygathering and analyzing learner data in order to answer assessment issues. Through
this data, it is possible to gain knowledge regarding learners’ knowledge andbehavior,
as well as bringing new feedback both to learners and teachers [47, 95] and even
grade them based on their activities [50]. While EDM relies heavily on the machine
to perform analyzes (e.g. clustering), LA is a more involving process per se, and
attempts to include at least teachers in the analysis and thus, presumably, better
encompasses pedagogical expectations [45]. Either way, EDM and LA are useful for
proposing indicators [34] and/or dashboards [29] to teachers and/or learners, which
are profitable to understand a learning situation. These approaches are particularly
interesting because many learners’ activities can be observed, particularly those that
are spread out over time (e.g. mobilization of soft skills in group work) and they have
a high prospect regarding the sharing and the re-usability of analyzes across online
courses and online systems [67, 78].

Finally, it has to be noted that the context of the COVID health crisis has high-
lighted once again the limitations of conventional assessments modalities in demate-
rialized environments [79]. The most notable limitations teachers face are an impor-
tant amount of plagiarism and cheating from their students, thus preventing teachers
from assessing students’ skills, and the difficulty to adapt their tests and evaluation
for online teaching is mostly due to the lack of guidelines. Nonetheless, the use of
automatic processes to provide automatic correction or feedback in online teaching
is steadily becoming more important [9], and maybe a part of the solution.
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12.3 Automated Objective Tests

An objective test is a test consisting of factual questions requiring usually short
answers that are either correct or incorrect. These answers can be quickly and unam-
biguously scored by anyonewith total reliabilitywith an answer key, thusminimizing
subjective judgments by both the person taking the test and the person scoring it.

Objective tests are most suitable for use at lower-order cognitive levels such as
memory, basic comprehension and application of numerical procedures but it is also
possible to design these tests to test higher-cognitive levels.

Objective assessment is a generic term referring to tests that can be marked with
complete reliability as there are clear right andwrong answers.Objective assessments
can be summative, where marks are used to calculate a final grade for the student,
or formative, where student efforts are met with feedback on their performance that
does not directly contribute to final grades.

Objective tests can be set to test a wide topic area at any required level of difficulty,
where large numbers of questionsmay be answered in a relatively short time covering
widely course content and focusing on specific knowledge and skills although some-
times superficially. They are especially useful with large student groups where the
test can be reused.

For large classes, it represents an efficientway of testing a large number of students
rapidly and within short time frames, particularly when computers are employed to
assist marking. As with all forms of assessment it is necessary to align assessment
with the desired learning outcomes for the course.

The strength of objective tests is fairness, impartiality of evaluation, and no scoring
variation due to the evaluator’s fatigue or lack of student anonymity.Also, the strength
is fast reporting of scores. Impartiality assumes equal treatment of all students and
implies that the evaluation is based on objective criteria, and not on the basis of
bias, prejudice or any other method that would benefit one student over another for
improper reasons.

However, there are three major weaknesses of objective testing: if a bank of
questions is missing, initially, it is very difficult and lengthy to construct it; test
questions require to be tested before they are used in order to check their validity;
and there are also known issues with gender differences in student performance of
objective tests since, on average, women have a higher aversion to risk-taking in
attempting to answer a question when a student is not certain of the result (see, e.g.,
[5, 25].

12.3.1 Types of Studied Objective Test Questions

It is important to note that there is no type of test that is intrinsically good or bad;
each one has its advantages and weaknesses that should be evaluated in considering
the fitness for the purpose of the test. However, concentrating on computer science
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Fig. 12.1 Some question types in Moodle

courses, we study in this paper the following objective factual tests available in
Moodle:multiple choice, true/false,matching, extendedmatching, and short response
tests as well as automatic grading systems for programming (CodeRunner among
others), Fig. 12.1.

We briefly present in the following each one of them and give their main charac-
teristics. Their more detailed description can be found in, e.g., Gordon et al. [54].

12.3.1.1 Multiple Choice Questions (MCQ)

This most widely used type of objective tests allows the selection of a single or
multiple responses from a predefined list. The test taker is usually given a short
question (the stem) with usually four to five optional answers of which one or more
are correct (the key) and others wrong (the distractors). A test taker must choose the
right one(s) (see, e.g., [57]).

One of the advantages of multiple-choice tests is that questions with different
levels of cognitive processing including higher-order thinking can be created. For
example, we canmeasure reasoning, comprehension, application, analysis, and other
complex thinking processes. Tasks are fairly easy to mark automatically online. The
weakness of this testmethod is that there is a high chance of getting the correct answer
through guessing [32]. It assumes that the world is fixed,there is a fixed number of
answers and only certain ones are correct. The differences between the answers may
be so small that a high proficiency of the context may be required, the context that
is not usually strictly related to what is being tested.
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Answering a multiple-choice question is not necessarily authentic since, in real
life, the test taker will not choose a multiple-choice option. Additionally, the set of
answers may be incomplete or misunderstood by the test maker based on the cultural
background or the proficiency in the language the test is written in. Regarding bias,
this kind of test may favor male students since they are statistically more likely to be
risk takers (see, e.g., [13]). Therefore, this kind of test should be balanced with other
test types. For an overview of multiple-choice tests (see, e.g., [7, 94]). McCoubrie
[73] present the guidelines for the construction of multiple choice questions tests
while [3] give a review of the literature treating the topic of improving the fairness
of multiple-choice questions.

12.3.1.2 True/False Questions

A true/false test is a simple form of multiple-choice question with two choices: true
and false. It can be divided into the tests where an examinee must select all options
that are true and a single best answer.

Selecting all options that are true requires additional judgement and guessing in
case the options are either not completely true or not completely false. This is why
options must be absolutely true or false without doubt.

Even though the true–false tests are often considered as superficial tests that lack
the pedagogical efficacy of more substantive tests, Brabec et al. [18] found that
especially when carefully constructed, true–false tests can elicit beneficial retrieval
processes that resemble those of other types of tests. Such benefits, however, might
not be as consistent or powerful as those elicited by other tests [83].

12.3.1.3 Matching Questions (MQ)

This is a variation of a multiple-choice test where the answer to each of a number of
sub-questions must be selected from a list of possibilities. Each item consists of two
lists of statements, words, symbols, or numbers which have to be matched one with
another. In general, the two lists contain different numbers of entries, those entries in
the longer list that do not correspond to entries in the shorter list serving the function
of distractors.

12.3.1.4 Extended Matching Questions (EMQ)

Extended matching tests are similar to multiple-choice tests. Given are at least two
different scenarios and an answer option list where the options may be used once,
more than once, or not at all.

This kind of test allows for an in-depth test of knowledge by providing scenarios
similar in structure and content related to the question theme with one’best’ answer
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from the plethora of answer options given (see, e.g., [98]). There is a greater chance of
answering incorrectly if an examinee cannot synthesize and apply their knowledge.

12.3.1.5 Short Response Questions (SRQ)

Short response or short answer tests require a direct answer made of one or a few
words rather than simply chosen from a number of options provided.A short response
test may consist of incomplete statements where the examinee must supply the
missing pieces of information, e.g., a word. phrase or a number.

It is graded by comparing against various model answers, which may contain
wildcard characters.2 The problem with the use of the wild card character is that the
number of answers considered correct is potentially infinite.

Short response tests can be used for both formative and summative assessment.
Generally, they have high reliability, focusing on specific knowledge or skills and
are relatively quick and easy to mark. Also, in the case of unique answer questions,
the examinee has to provide an answer to a question in terms of a word or a number.

12.3.1.6 Automatic Grading Systems for Programming

Among the program features that can be automatically assessed, there are: (i) func-
tionality (checking that the program functions according to the given requirements
by running the program against several test data sets), (ii) efficiency, e.g., measuring
running time of the program during the execution and comparing it to an existing
model solution, and (iii) student’s skills of designing test cases and testing thoroughly
before submitting the program, (iv) programming style and design, just to mention a
few.However, since all programming skills cannot be assessed automatically,manual
inspection of some skills is still necessary (see, e.g., [4]). In this case, some tools can
help to save time especially when teaching many students. In [28], for example, the
authors propose to identify equivalences between algorithms submitted by students
and then to cluster similar answers requiring similar feedbacks.

Over the past few years, many MOOCs in programming were created offering
learners an integrated environment to do all the exercises directly in a browser. This
type of MOOC has two main advantages: from the learner’s point of view, it avoids
tedious installation and configuration of non-user-friendly software (compilers, code
editor, versioning system, etc.), which is often the first obstacle for beginners in
programming; and from the teacher’s point of view, it allows to implement an
automatic grading framework.

Such an automatic grading framework must meet several objectives: allow the
teacher to detect errors and deduce a grade, avoid cheating, allow the learner to get
continuously quick and readable feedback, guide the student in solving algorithmic

2 AWildcard Character is a Kind of a Placeholder Represented by a Single Character, E.G., Asterisk
(*), Interpreted as a Set of Literal Characters or an Empty String.
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problems and writing code. Most experiments using automatic grading in program-
ming MOOCs have used a well-known practice in software engineering: test-driven
development (TDD) [10]. TDD consists of writing unit tests describing the func-
tionality to implement before any attempt of coding. A unit test is a piece of code
that checks the correct operation of a source code supposed to do something. Most
programming languages provide frameworks for the implementation of unit tests,
e.g., JUnit for Java, CUnit for C, and PyUnit for Python.

Transposed to teachingwithMOOC, this principle requires the teacher to describe
the expectations for each exercise in the formof unit tests.Depending on the program-
ming language (and the associated unit test library), these unit tests allow us to eval-
uate the validity of the solution produced by the learner’s code and in some cases the
quality of the code.

Works presented in Canou et al. [22] show it is possible to create an automatic
grader with the same assessment refinement as a real teacher. The authors succeed
in evaluating the coding style of a learner checking for example the use of nested
loops when necessary. They were also able to evaluate the algorithmic complexity
of a code. Since using a running time limit cannot always be reliable (depending on
the machine load), they use a tuned execution environment able to count the number
of performed operations.

From a technical perspective, implementing automated grading is challenging.
Two approaches are possible. The first one consists of running automated grading on
a server; this means that the code written in the learners’ browsers is sent to the server
to be run over unit tests. This execution must be done in an isolated environment to
prevent any malicious intent from a malicious user, e.g., memory exhaustion or extra
CPU time consumption. The second one consists of executing automated grading
directly in learners’ browsers. This solution allows distributing the computation cost
over all the learners and to avoid the possible attacks mentioned previously.

Romli et al.[82] give a review of approaches that were implemented in various
studies regarding automatic programming assessment, test data generation and
integration of both of them up till 2010.

Caiza and Del Alamo [21] reviews tools for automatic grading of programming
assignments. The review includes the definition and description of key features e.g.
supported languages, used technology, infrastructure, etc. emphasizing improve-
ments on security, support of different languages, plagiarism detection, etc. empha-
sizing the lack of a grading model for assignments in the reviewed tools. However,
there is no common grading being applied. Thus, further research is required to
propose an automatic assessment that grades the student achievement based on
learning taxonomy such as Bloom Cognitive Competency model [66].

In the following, we mention some state-of-the-art systems for automated testing
of code. The aim is not to give an exhaustive list of the software but to give a short
overview based on the main characteristics of the frequently used software.

Web-CAT 3 is a free, open-source automated grading system that grades students
onhowwell they test their owncode [43]. It is highly customizable and extensible, and

3 https://web-cat.github.io/projects/Web-CAT/. Accessed 8 January 2021.

https://web-cat.github.io/projects/Web-CAT/
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supports virtually any model of program grading, assessment, and feedback genera-
tion. It supports student-written tests, measurement of test coverage, and grading on
test thoroughness. It also supports static analysis tools to assess documentation and
coding style. In the static analysis, the student’s code is compared with the model
programs given by a teacher: the closer the student code is to the model programs,
the higher is the mark. It also supports manual grading with direct on-line markup
of assignments.

CodeRunner4 [38, 69] available in Moodle is another free open-source question-
type plug-in tool that allows submitting code as a solution to an assigned question and
assesses computer programming skills by compiling and executing student-submitted
code in a sandbox in different possible programming languages. CodeRunner has
also been used in computer science and engineering for automatic test grading when
multiple correct answers are possible.

The output is compared to the solution provided by the teacher. A student receives
his/her test-case results and feedback immediately and is given the opportunity to
modify the solution and resubmit, typically with a small penalty. This encourages
students to learn through an iterative process until they achieve the correct solution.
Such a system lifts theworkload fromevaluators andprovides uniformity and equality
in the final grade (see, e.g., [38, 69]).

Codingbat5 generates a fixed set of tests for Java and Python and shows the student
the result of (some of) these tests. Codingbat also keeps track of the student’s history
with a problem by producing a time-based graph showing each time the student tried
to run the program and the percentage of unit tests that were successful.

CLoudCoder6 [76] is still another open source web-based integrated development
environment (IDE) for creating, assigning, and sharing short programming exercises
for C/C++, Java, Python and Ruby. It is a property of Microsoft Research inspired
by CodingBat. Similarly to CodingBat, CloudCoder uses unit tests in a web-based
game to give players an opportunity to exercise their inductive skills. Players are
given the results of a set of unit tests (calculated result versus expected result) and
are asked to write code that will pass all the unit tests without knowing the problem
description.

Code Hunt7 is another system made by Microsoft Research [91]. An exercise
requires the student to write a small amount of code as an answer to a given problem.
The student is presented a series of puzzles that he/she has to explore through clues
that are presented as test cases. The student must find a solution to the problem,
introducing changes in the code that he/she writes until it matches the functional
behavior of some secret solutions.

The correctness of the student’s code is judged automatically by running the code
against a set of tests. If all of the tests pass, the student’s code is judged to be correct.
Since this tool is web-based and the assessment is automatic, students can work

4 http://coderunner.org.nz. Accessed 8 January 2021.
5 http://codingbat.com. Accessed 8 January 2021.
6 https://cloudcoder.org/. Accessed 8 January 2021.
7 http://codehunt.com. Accessed 8 January 2021.

http://coderunner.org.nz
http://codingbat.com
https://cloudcoder.org/
http://codehunt.com
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wherever and whenever is convenient for them, and receive immediate feedback
(see, e.g., [87]).

Spinoza8 [30] is Python IDE to enable classroom orchestration in introduc-
tory programming classes. It supports active learning [11] in introductory Java
programming courses.

Active learning is any activity that is course-related and that all students in a
class session are called upon to do other than simply watching, listening, and taking
notes [46]. It is learner-centered, not teacher-centered; the active participation of a
student is a necessary aspect in active learning. Students must be doing things and
simultaneously think about the work done and the purpose behind it so that they can
enhance their higher order thinking capabilities. Themotivation behind this approach
is that undergraduate students in classes with traditional stand-and-deliver lectures
are 1.5 times more likely to fail than students in classes that use more stimulating
active learning methods [49].

Spinoza includes the features of Codingbat, CloudCoder and Code Hunt. Spinoza
differs from other similar systems in providing the instructor with detailed feedback
in real time about the progress of the students during in-class coding sessions, both
at the level of the individual student and the class as a whole. From the students’
view, Spinoza provides authenticated access to a collection of named programming
problems and a web-based IDE which allows students to code, run, unit test, and
debug those problems. From the instructor’s view, Spinoza provides interfaces for
creating a variety of programming challenges and also provides multiple views of
students’ progress in solving the coding problems [31].

Spinoza can be used to generate this type of challenge but it does not provide the
game-like interface of Code Hunt. Code Hunt, in turn, lacks the dashboard view of
Spinoza.

Table 12.1 gives a qualitative evaluation of the studied objective tests in terms
of (high, medium or low) ease of gaming the system by the student, the time for
preparation of the test by the teacher, complexity of elaboration, depth of the tested
knowledge, the field specificity, test efficiency, authenticity of the test, accessibility
of the test, and the dependency on the statements’ accuracy. Besides, a great overview
of automatic assessment systems for programming until 2005 can be found in Douce
et al. [36].

12.3.2 Assembly of Automated Objective Tests

The previously presented objective tests can be both grouped in a question (item)
bank or a subpool in a Learning Management System (e.g., Moodle) and can be
delivered online. The questions in a test may be selected manually or automatically
(randomly) (e.g., one question per subpool), statically offline. There is a perception
among students that randomly selected questions from item banks are unfair [35].

8 https://github.com/abudeebf/Spinoza-2.0. Accessed 8 January 2021.

https://github.com/abudeebf/Spinoza-2.0
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Table 12.1 Qualitative comparison of objective tests in terms of their characteristics

Method

Characteristic MCQ True/false MQ EMQ SRQ CTS

Gaming the system High High Medium Low Low Low

Time consuming for user Low Low High High Medium High

Complexity of elaboration Low Low Medium High High High

Depth of the tested knowledge Low Low Low High Medium High

Field specific Low Low Low High Low High

Test efficiency Medium Low Low High High High

Authenticity of the test Low Low Low High Medium High

Accessibility of the test Medium Medium High Low High Low

Dependent of the statements’
accuracy

Low Low Low High High Medium

The questions can be selected also dynamically as the examinee performs during
the administration of the test (adaptive tests). Questions here are selected dynamically
at testing time and depend on the prior performance of the examinee. (see, e.g., [68]).

Social networks as well as fast and simple group messaging and calling appli-
cations provide for easy communication among examinees, and therefore, facili-
tate academically dishonest behavior and cheating. Various high-security solutions
exists to minimize and eliminate cheating during the exam (e.g. lockdown features
in the OS, Safe Exam Browser, Windows Take a test) but it can be also decreased
by conducting continuous background checks, logging and reporting of suspected
cheating to the teacher (see, e.g., [37, 48, 52, 88]).

Student Learning Experience

Learning is enhanced through active involvement in personally meaningful experi-
ences accompanied by processing for meaning and future use [70]. However, tests
generally are an intimidating experience that should be neutralized by explaining to
the students the purpose for the test and stress the positive effects it will have. Many
may have very negative feelings left over from previous bad experiences.

Detailed planning and development of e-assessment can contribute to generalizing
and increasing the quality of student learning experience, increasing the confidence
in test levels of engagement and cooperation (see, e.g., [35]).

12.4 Bias in Objective Tests, Ethical Issues, Explainability

Artificial intelligence is sometimes defined as the discipline concerned with
automating tasks that require intelligence [12]. Automation, in turn, is the process
of enabling machines and software to operate without direct control or supervision
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of people. When the outcome of automation has a direct impact on the well-being
of people, we are rightly concerned with ensuring our capacity to adeptly monitor
and analyze the automated activity. This concern has recently given rise to the field
of AI ethics which includes, but is not limited to, the problems of accountability,
transparency, fairness, and ethics.

Accountability

Accountability is defined in the Oxford dictionary as “the fact of being responsible
for your decisions or actions and expected to explain them when you are asked” [1].
In Test-based accountability, tests are used to determine student status with respect
to specific content standards. Every participant of the learning process is consid-
ered accountable for student test scores based on which the educational system has
assigned criteria for rewards and sanctions for students, teachers, and/or schools. The
educational system is responsible for communicating their functioning to educators
and the public [59].

Test-based accountability can make teachers cover more material in the course
and adopt better curricula or more effective teaching methods. However, test-based
accountability can also make teachers teach only tested aspects incidental to the
domain the test is intended to represent at the expense of untested aspects of the
standards.

Intensified test-based accountability can also facilitate cheating on tests while
decreasing equity, well-being, and justice (see, e.g., [81, 84]).

Another definition of accountability by Bovens [17] is:

a relationship between an actor and a forum, in which the actor has an obligation to explain
and to justify his or her conduct, the forum can pose questions and pass judgment, and the
actor may face consequences.

In the context of AI and algorithms, we define algorithmic accountability as the
accountability relationship in which the subject of the account is an algorithm [96].

When we are talking about the accountability of a system that is deployed, we
are asking how we can empower a forum to attain accountability from the system.
In contrast, when we are talking about a system in the design phase, then we are
concerned with identifying who should have the power to change the behavior of the
system being developed. When the new system is to replace human activity with an
algorithm, we need to be concerned with the impact this change will have on powers
that the user has. A human user can always freely and directly communicate with
a human exam evaluator. However, this power is necessarily taken away when an
automated evaluator is used. While we may not want to give students the power to
change the behavior of an automated evaluator, we need to ensure a clear feedback
communication path. This means that a student can react to perceived malfunction
and should be given a timely response to the concern.

Transparency

Transparency is defined as the quantity and quality of information made available to
the forum [33]. Test transparency is related with the clarity of information given to
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the students regarding how they will be assessed and based on what criteria, e.g., how
to answer the tests, available test time, the assessment procedure, and the formula for
calculating the final grade. Test transparency also includes accessibility to sample
questions and clarifying the evaluation criteria by making available to the students
their detailed evaluation results.

The transparency of an algorithm is measured as the extent to which the available
information about the algorithm that is subject to accountability allows the forum to
monitor the workings or performance of that algorithm. In the context of automated
evaluation, transparency can mean how much is the student aware of the workings
of the evaluation system. This can be as trivial as the student does (not) know the
evaluation is automated. It can also be that students are given details of the principles
of the algorithm used; for example, whether a rule-based system is used, or amachine
learning system, on which data is the system trained etc.

Explainability

Explainability, also called explainable AI (XAI), is explicitly concerned with the
account, the possibility of generating it by human or automatic means [56]. When
a decision or an evaluation is made about a person, particularly an undesirable one,
explainability plays a crucial role to empower that person to improve their standing
by mitigating the circumstances that led to the undesirable outcome. Beyond that
explanation plays a role in enabling the designers of an algorithm to analyze its
behavior particularly in specific contexts.

In the evaluator-student accountability relationship, explainability is a very impor-
tant property of an automated system as it can make a difference to the learning expe-
rience. There are two aspects to be explained here. The first is shared with human
evaluates: why is a particular answer marked as wrong? Explainability of AI and
algorithms in general refers to its ability to identify how the input affects the output.
In other words, an algorithm is explainable if it can provide information on how the
outcome can be changed. There are three basic ways to attain explainability, but not
all the three ways are possible for all types of algorithms.

The first is explainability by design. Some algorithms can be transparent to the
user who can directly inspect them. For instance, informing a student they have
obtained 125 points and that the threshold for a B is 130 points explains why they
got a C. In the case of a multiple-choice exam, together with the solution key, this is
sufficient explanation because the student learns how to improve their grade.

The second approach is “backtracking”. Explainability can be accomplished by
an algorithm that “backtracks” its own work to extract justifications or reasons for
each decision it takes. This approach is particularly suited for rule-based systems. But
tracking back the rules that have yielded the final evaluation, and which conditions
were satisfied that made the rule applicable, one can understand why a particular
evaluation was made. Knowing which rules the system can follow and changing
some of the conditions, will result in an improved evaluation.

Lastly, there is the approach of interpretation. Explainability can also be accom-
plished by a second algorithm that creates interpretations of the decisionsmade by the
algorithm that is subject of the account. This approach is explored for some machine
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learning algorithms [56] where none of the other two approaches can be applied. In
automated evaluation that uses machine learning, one has to be clear that the rule
“learned” by training is not an inference but a correlation that heavily depends on the
data used in training. The use of historic data in assigning grades comes with serious
possible consequences9 and if machine learning cannot be avoided, then it is very
important to couple such an algorithm with strong accountability to the students and
their guardians.

Fairness

When the output of an algorithm is different for different people, a major concern is
whether that algorithm is fair, namely whether it works equally well for all persons.
Fairness studies are motivated by the use of machine learning in the context of
decision-making [77], however concerns for fairness extend to all algorithms that
are part of systems that ethically impact individuals and society.

As an example of algorithmic bias in education, consider the case of a “vir-
tual teaching assistant for a Georgia Tech course on artificial intelligence” which
responded more successfully to concerns of male than those of female students [44].
The use of historical data can reinforce existing bias by transforming past correlations
between socio-demographic properties and grades into present rules of inference.

The unfairness of an algorithm can be introduced at two points: by using input
that has some kind of bias, or by having unfairness built in its operation and use. The
ethical impact of an unfair algorithm is in an output that has an impact on equity,
namely unevenly distributing resources among groups or individuals, but also by
supporting or exalting existing undesirable phenomena in society. These points of
introducing unfairness are not clearly separated and often bump into each other.
Algorithmic bias refers to the second type of introduced unfairness: “Algorithmic
bias is added by the algorithm itself and not present in the input data” [8]. Real-world
examples of the occurrences of data bias are listed in, for example [62, 75].

Two general notions of fairness are considered, both of interest for decision-
making and evaluation algorithms used in education: group fairness and individual
fairness. In group fairness [75], we are concerned with statistical notions of fair-
ness where a small number of protected demographic groups are identified. We are
concerned with ensuring that (approximate) parity of some statistical measure across
all these groups is maintained.

Individual fairness, on the other hand, is a metric that compares the similarity of
evaluations for similar answers. In individual fairness [41], we are concerned that
similar individuals should be treated similarly. A particular challenge for individual
similarity is the identification of a metric for comparing the likeness of individuals.
In group fairness we are concerned with the ability to identify many different metrics
which may be mutually unaligned.

Fairness in machine learning is challenging to achieve for a variety of reasons
[65]. Regardless of the problem, there sometimes does not exist a solution which
is universally fair, equitable and just. The additional requirement of fairness can

9 https://www.nytimes.com/2020/08/20/world/europe/uk-england-grading-algorithm.html.

https://www.nytimes.com/2020/08/20/world/europe/uk-england-grading-algorithm.html
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come at a cost of efficiency—an algorithm can only be made fairer if it is made
less correct. It has been shown that certain fairness types cannot be simultaneously
achieved in machine learning [26]. In such situations, a trade-off would be necessary,
meaning that we need to have a way to resolve such conflicts fairly. Both the data bias
and algorithmic fairness measures evaluate a particular machine learning problem.
However, local decisions, particularly when repeated over time, can lead to emerging
global effects. Namely, by allowing a particular data bias to go undetected or by
invisibly but consistently preferring one type of users over another, we may change
our society. The risk of emerging effects from automated decision-making is difficult
to localize, measure and mitigate.

The highest concern when we consider the fairness of algorithms that automate
grading is that, as Chouldechova andRoth argue, “statistical definitions of fairness do
not on their own give meaningful guarantees to individuals or structured subgroups
of the protected demographic groups. Instead, they give guarantees to ‘average’
members of the protected groups” [27].

When the new system is to replace human activity with an algorithm, we need
to be concerned with the impact this change will have on the service provider-
service recipient relationship. In this relationship, both parties have both rights and
obligations. One must be vigilant as to how this relationship changes when the
evaluator role is supplemented with an algorithm. A somewhat neglected aspect
of fairness is the disruption of this power balance: more obligations are transferred
from the human evaluator to the human student. For example, in non-multiple-choice
tests, a human evaluator will directly comment on the answer and how it can be
improved. The student gets this comment when receiving the evaluation. When that
same evaluation is automated, the answer can be marked as incorrect, but a human
evaluator needs to supply the explanation. Now, the student would have to explicitly
ask for the explanation, thus introducing an added obligation on the student that
was not there before: figure out how to ask for the explanation and from whom.
This too can be considered unfair behavior: students that have a strong technical
understanding of the system will be at an advantage.

Privacy

Lastly, the much-discussed property of algorithms today is that of privacy. As
discussed in Garshi et al. [51], new technology offers to blur the line between super-
vision and surveillance and change the learning experience altogether. Privacy in the
context of performance evaluation is not a concern that is unique to new technolo-
gies. There is no one definition of what privacy or breach of privacy is but as per
Solove [86], privacy can be breached by three main information-related activities:
information collection, processing, and dissemination.

In the context of automated evaluation, this means a student’s privacy can be
violated when data from the student is collected, when the evaluation is done and
when the results of the evaluation are disseminated. We would add that the world
of machine learning algorithms offers a fourth possibility—including information
from the evaluation process in a data set further used in training algorithms or made
available to third parties. The topic of the “classic” three privacy vulnerable points
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is, as far as we are aware, not explored in the context of automated grading and
evaluation.

The problem of student data use is a pertinent one that is to a certain extent
tackled by ensuring that any data collected satisfies differential privacy conditions
[40]. This means that data points that would make it possible for a student to be
identified in a data collection are removed. While ensuring differential privacy is the
first step in guaranteeing the privacy of students whose data is collected, it is not a
magic bullet. The problem of specifying what constitutes a violation of privacy in
automated grading and evaluation and how to prevent those violations is still an open
challenge.

12.5 Comparison of Factual Tests and Code Testing
Systems

This section discusses the selection of an appropriate type of test for each type
of knowledge: understanding of programming concepts and principles that do not
include writing program code, application—simple programming tasks, analysis—
debugging tasks, and synthesis—advanced programming assignments. We compare
the five principles of testing as well as ethical issues and explainability of the previ-
ously presented factual tests including multiple choice questions, true/false ques-
tions, matching questions, extended matching questions, and short response ques-
tions as well as code testing systems including Web-Cat, CodeRunner, Codingbat,
Cloud-Coder, Code Hunt, and Spinoza.

The performance indicators we consider are learning experience, transparency,
explainability, authenticity, reliability, practicality, andpositivewashback,Table12.2.

The rating systemof the studied performance indicators is represented by a 3-point
rating scale that measures whether a goal was accomplished. A 3 ranking implies
that a goal was met, a 2 ranking is given to partially met goals, and a 1 ranking is
assigned to an unfinished goal where most or all dimensions were not achieved. Note
that the indicated rating is given for the optimized questions designed to respond at
best to the type of the question.

A pleasant experience with an online test does not stress the student unneces-
sarily and it facilitates and stimulates learning. Learning experience in factual tests
is generally much lower than in code testing systems whose user interface (UI) plays
a major role that is generally useful, with an intuitive interface and the structure and
presentation of content and multimedia, easy to navigate, with a good graphic design
for a high-quality learning experience.

In the case of ambiguity of a factual test, the lack of space prohibits the students
to explain their answer and the interpretation of the question, which can result in a
negative experience. Moreover, code testing systems run in iterations. Spinoza is apt
for active learning, but it does not provide the game-like interface of CodeHunt.
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The transparency of factual texts in general is higher than the transparency of code
testing systems since the rules of evaluation are very simple and given in advance.
In the studied code testing systems, in static analysis, the students’ code is compared
with the model programs given by a teacher: the closer the student code is to the
model programs, the higher is the mark. Here it is more difficult to give a clear-cut
explanation on the grade as there are more sources of error that may be syntactic
and structural. Optionally, manual grading by the teacher with direct on-line markup
of code is possible, which is a type of subjective grading prone to bias and to other
errors discussed previously.

All the studied factual tests and code testing systems are explainable since we can
interpret the marks given while being able to clearly traverse back, from the grades
to the student answers, on the rule-based path the test took to arrive at the marks.

The authenticity of factual tests in evaluating computer programming knowledge
and skills is generally much lower than the authenticity of code testing systems.

Reliability in Table 12.2 refers to test reliability that can be improved by clear
task instructions, clear assessment criteria, and scales. However, creating an analytic
scale for marking a test is more difficult in the case of code testing systems than in
factual tests.

In general, practicality in factual tests is also higher than in code testing systems
since the time and effort that the development ofmodels and feedbackdelivery require
in code testing systems is much higher than in factual tests. Moreover, both in factual
tests as in code testing systems, it is difficult to give a personalized positive washback
that helps students to improve their skills. While feedback in code testing systems
mostly focuses on identifying errors, factual tests let the teacher adapt washback for
each type of answer. However, detecting errors in code-testing helps the student to
fix them and thus evolve in an iterative code development, even though not in the
most constructive environment.

Since validity depends on the type of knowledge tested, we compare the latter in
previouslymentioned tests for testing basic concepts andparadigms, simple program-
ming, debugging, and advanced programming. Additionally, we give the rating of
the matching of the four learning objective categories in computer science courses
with the discussed factual tests and code testing systems aiming at providing a higher
degree of test validity in Table 12.3. The 3-point rating scale that measures whether
a goal was accomplished here is the same as in Table 12.2.

The validity of factual tests in testing basic computer science concepts and
paradigms is high, contrary to code testing systems since here we speak about
understanding the basic constructive concepts, definitions, and their relations in
computer science. However, even though we may design multiple-choice questions
for testing simple programming skills, factual tests are, in general, not apt for testing
the knowledge and skills in simple programming, debugging, and advanced program-
ming. Additionally, the studied code-testing systems are apt for testing introductory
programming knowledge and skills but are not suitable for advanced programming
evaluation for which code testing systems are still waiting to be developed.



262 M. Lujak et al.

Ta
bl
e
12
.3

V
al
id
ity

co
m
pa
ri
so
n
of

fa
ct
ua
lt
es
ts
an
d
co
de

te
st
in
g
sy
st
em

s

G
ro
up

→
Fa
ct
ua
lt
es
ts

C
od

e
te
st
in
g
sy
st
em

s

M
et
ho
d

C
at
eg
or
y

M
C
Q

T
ru
e/
fa
ls
e

M
Q

E
M
Q

SR
Q

W
eb
-C

at
C
od
eR

un
ne
r

C
od
in
gb
at

C
lo
ud
C
od
er

C
od
eH

un
t

Sp
im

oz
a

B
as
ic
co
nc
ep
ts

3
3

3
3

3
1

1
1

1
1

1

Si
m
pl
e
pr
og
ra
m
m
in
g

2
2

2
2

2
2

3
3

3
3

3

D
eb
ug
gi
ng

1
1

1
1

1
3

3
3

3
3

3

A
dv
.p

ro
gr
am

m
in
g

1
1

1
1

1
2

2
2

2
2

2



12 Objective Tests in Automated Grading of Computer Science … 263

12.6 Conclusions and Future Challenges

To achieve creative and critical thinking in our students and to facilitate their collabo-
ration and lifelong learning given the constant evolution of technology and the related
high probability of changing career paths, we need to provide for a fast development
of new skills and the change in the assessment going beyond conventional reactive
rule-based automated grading systems.

Contrary to traditional lecturing mostly used in the classroom, active learning
through online learning technologies (e.g., Spinoza) is a preferable learning
approach that specifically presupposes students’ activity. It benefits on average all
studentswhile offering increased benefits for students fromunderrepresented groups.
Widespread implementation of high-quality active learning can help reduce learning
gaps in computer science courses and promote student equity (see, e.g., [90]).

In Table 12.4, we give a three-level qualitative grading scale comparison (more,
equal, and less) of software based objective tests versus subjective tests performed
by human evaluators in terms of the following characteristics: fairness, bias, trans-
parency, explainability, and reliability. If designed well, in general, objective tests
may be more fair, less biased, more transparent, explainable, and more reliable
compared to subjective tests performed by human evaluators. This summative and
coarse comparison should be taken with reserve due to significant variations in terms
of subdiscipline and other relevant parameters that influence the choice of the test.
Since the discipline of learning assessment develops rapidly, it is likely that this
qualitative comparison will change in the future.

Yet another issue with advanced programming assessment tools in online tests is
that they still depend on human teacher evaluation capacity that cannot yet be easily
automatized. Thus, the scalability of these tools depends on the availability of skilled
teaching staff and on the level of preparedness and the homogeneity of the academic
background of the students in the class.

To bridge the gap between the active learning requirements for automated grading
of computer science courses online and the state-of-the-art online grading methods,
automated grading should consider learning preferences and constraints of each
student. Instead of reactive rule-based objective tests, a proactive automated grading
system of the future should be able to function as a learning assistant adaptable to
the learning pace, characteristics, preferences, and abilities of each student whether
they are at introductory, intermediate, or advanced programming level. Such a system
should also serve for connecting compatible students in creating study groups in large
MOOCs and thus facilitate students’ empowerment and learning autonomy, where
seamless meeting of new peers and establishing study networks among students

Table 12.4 Qualitative comparison of automated (software based) objective tests versus subjective
(human evaluated) tests

Fairness Bias Transparency Explainability Reliability

More Less More More More
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is still an open challenge. From our perspective, software agent technology seems
to be a promising line of research for active learning and efficient and effective
application of code testing systems in advanced programming based on the learning
pace, requirements and needs of each student.
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Chapter 13
Correlating Universal Design of Learning
and the Performance in Science
at Elementary School Level

Munazza A. Mirza, Khawar Khurshid, Asma Hasan, Zawar Shah,
and Faryal Shah

Abstract Recently, we have been relying greatly on technology and scientific
advancements in every filed of life, therefore, a science class must include scien-
tific literacy regardless of gender, social circumstances, interests, learning styles
or learning difficulties without any barriers. A barrier to learning is anything that
hinders the way of a child being able to learn effectively. A learner may experi-
ence one or more barriers to learning throughout his or her education. A teacher
needs to have a number of options for methods s/he can use to deliver the lesson
to the pupils. If a single method is used to deliver the content to diverse learners
it might create barriers and all pupils may not grasp the concept thoroughly. When
teachers preplan their lessons with respect to three principles of Universal Design
of Learning (UDL) framework, its guidelines, and network of brain associated with
each principle using blended learning approach, it helps eradicate the barriers and
provide inclusive learning environment to improve learner’s academic performance.
Science teachers need to preplan their lesson using multiple means of representation,
assessment and engagement for inclusive educational environment. Therefore, the
present study aims to investigate the impact on learner’s academic performancewhen
a teacher uses Universal Design of learning framework for planning Science lesson.
The unit of food and health from the national curriculum for General Science of

M. A. Mirza · K. Khurshid (B)
School of Electrical Engineering and Computer Science, National University
of Sciences and Technology (NUST), Islamabad 44000, Pakistan
e-mail: khawar.khurshid@seecs.edu.pk

M. A. Mirza
e-mail: mmirza.msite17seecs@seecs.edu.pk

A. Hasan
Royal Melbourne Institute of Technology, Melbourne, Australia

Z. Shah
Sydney International School of Technology and Commerce, Sydney, Australia
e-mail: zawar.s@sistc.nsw.edu.au

F. Shah
Australian Institute of Higher Education, Sydney, Australia
e-mail: f.shah@aih.nsw.edu.au

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
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Pakistan was selected for experiment for the elementary grade pupils. UDL, a frame-
work based on the constructivist theory, built on cognitive neuroscience emphasizes
on engaging multiple brain networks by providing guidelines organized into three
essential principles. This framework condemns the teacher-centered methodology
where teacher’s lesson plan does not cater the needs of all pupils and advocates the
learner-centered approach, where pupils are provided with various ways to under-
stand learning content, express what they have learnt and stay engaged during the
learning process. To evaluate the effectiveness of the UDL based lesson implementa-
tion in science, a quasi-experimental pre-test post-test design was used in the study.
The UDL compliant lesson plan was also mapped with UDL principles, guidelines
or checkpoints. Participants of the study were fourth grade pupils (N= 60) of private
school in capital of Pakistan with age ranges between 8 and 11 years. Through exper-
imental study, it was found that elementary grade pupils perform better in science
when taught using universal design of learning approach in contrast to those who
have taught using traditional teaching method. The finding also discovered that there
are similar check points within the UDL framework, therefore, during the mapping
of pedagogical strategies (method, materials and assessments) with checkpoints,
overlaps were observed.

Keywords Universal design of learning · Framework · Principles · Pre-test ·
Post-test · Elementary grade · Curriculum integrated

13.1 Introduction

A barrier to learning is anything that stands in the way of a child being able to learn
effectively. A learner may experience one or more barriers to learning throughout his
or her education. These barrier impact negatively on learners’ interest in their studies
andmay lead to increase in dropout rate. Providing an engaging learning environment
by cognizing and eradicating learning barriers is challenging for educators. When
teacher defines goal and decide a single path to achieve the goal then it will not
be possible to incorporate all kinds of learners with different needs. To achieve
a defined goal, the teacher selects certain materials which will be used to deliver
the content of lesson. The teacher needs to have several different flexible media in
order to effectively deliver the lesson to the pupils. If a number of options are not
provided in terms of materials all pupils might not grasp the concept thoroughly.
Then it might create learning barriers and adversely influence learners’ interests and
academic performance. The teacher needs to have several different flexible media in
order to effectively deliver the lesson to the pupils. All pupils have different needs,
interest and different ways of expressing themselves so it’s important for a teacher
to have multiple ways for engaging and assessing the pupils.

Universal design for learning is an approach towards learning with the aim to
design lessons, which are inclusive and effective for all. UDL is a framework based
on the constructivist theory, built on cognitive neuroscience which emphasize on
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engagingmultiple brain networks by providing guidelines organized into three essen-
tial principles i.e.,Multiplemeans of representation, engagement and assessment [2].
These principles advise the design of inclusive curriculum [23].

Most of the pupils in a classroomhave gaps in their previous knowledge.When the
concepts are built on a prior knowledge, it ismore likely to be assimilated. Scaffolding
like pre teaching the vocabulary [5], use videos or illustrations and explaining difficult
concepts in small easy part can help pupils learn easily. For the proactive preparation
of engaging, accessible instructions in a classroom with diverse learners, Universal
Design of Learning (UDL) is a valued tool [48]. UDL principles help us to know
an individual’s strength rather than their learning difficulties by providing multiple
means of representation, engagement and assessment. Inclusive practices in science
classroom make pupils with learning difficulties more confident so that they can feel
comfortable in sharing their ideas with peers and teachers and keeps them engaged
in the class activities. Developing countries today are incorporating technology in
their classrooms for better understanding of concepts through videos and internet
resources which are used by pupils and teachers both [38]. Moreover, it provides
more options to include all kinds of learners in a single classroom which is the basic
goal of UDL. Learning barriers can also be identified with respect to three principles
of UDL and network of brain associated with each principle i.e. (a) recognition
network, (b) strategic network and (c) affective network.

13.1.1 Recognition Network

Recognition network is associated with principle of representation. This principle
states that you have to provide multiple means of representation so that all the pupils
with diverse backgrounds and needs can grasp the concept well. The representation
of a particular content in the class in one particular way cannot deliver the content
meaningfully or in an effective way. Pupils with diverse needs and backgrounds may
face barriers which can make understanding of concepts difficult and result in poor
learning outcomes.

Today we rely so much on technology and scientific advancements so a science
class must include all the pupils to develop scientific literacy regardless of their
gender, cultural background, social circumstances, learning styles or learning diffi-
culties [4]. It is widely suggested that online technologies can help address issues of
educational equity and social exclusion [22]. When teachers use UDL framework,
they mostly incorporate technological assistance for multiple means of media and
tools. For example, teachers can show video before reading and then use graphic
organizers to categorize the new information. In this way though UDL principle of
representation teacher provide various ways to explain and present new knowledge.
This provides learners opportunity to interact with content in various ways, which
help cater diverse learners in classroom.
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13.1.2 Strategic Network

Strategic network is related to how the pupils will express what they have learned.
If they are not provided with enough means of expression, it is quite possible that
they end up failing to express the knowledge they have gained. While few learners
are able to express and answer question successfully when traditional assessments
techniques are used i.e., text book question or paper pencil assessment approach,
but several learners answer haphazardly. Therefore, educators target needs to have
learners express the understanding of main ideas identified in the learning objectives
[48]. It is therefore extremely important for a teacher to provide the pupils with
multiple means of action and expression. To express the knowledge, pupil can be
given choices such as make a presentation using PowerPoint, write a poem, short
story, slogans, make poster or painting, use tape recorder to record oral responses,
essay or orally give answer themselves etc. this way learners will be able to express
their knowledge successfully and participate despite their learning challenges [43].
This let learners to demonstrate the knowledge with respect to their learning prefer-
ences. Providing choices is not just about providing varieties of activity and differ-
entiation, but most vital is that learner’s metacognition evolved by focusing on their
own learning assets [48]. The above-mentioned ideas for assessment can be used and
adapted with respect to the content and rubric must be provided for communicating
the expectations of teacher from learners.When learners are able to select form broad
choices of authentic formats, they are able to express with respect to their strengths
and feel more comfortable with assessment. Teachers also need to be prepared and
have familiarity of the differentiated techniques required implement the framework
effectively [13].

13.1.3 Affective Network

It is extremely important for a teacher to develop the interest of pupils in what
they need to learn. If they will not be interested in the content of a lesson they
will not be motivated to learn. This might result in poor concentration and learning
outcomes. To avoid such kind of barriers a teacher needs to provide pupils with
multiple means of engagement. These barriers are associated with affective network
of brain. This is about how learners feel about the content they learn.Oneway that this
principle suggest is to reduce threat that learners feel or may feel during work such
as answering in front of peers, reading aloud, work in noisy or crowded environment
when concentration is required for the work. To decrease these threats, teachers can
allow them to take small breaks and allow learners to ‘say no’ to reading aloud or
answering in front of class fellows, instead provide themchance to answer in awritten
form or to teacher during break time. Additionally, allowing learners choices such
as to work alone, in pair or group of their own choice when feasible also motivate
them and keep them comfortable. Furthermore, grading in detail such as grading for
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expression of content knowledge and rewarding remarks for effort helps enhance
engagement and motivation. In general education classroom for pupils with special
needs, effective tool for successful inclusion is to grade for process and product
distinctly [47].

The present work considers learning through UDL framework as a remedy to
learning barriers that limits the provision of inclusive educational experience for
learning science. The UDL compliant lesson plan was conducted with aim of inves-
tigating the research question of whether the UDL compliant Science lesson is more
effective to have better learning gain in contrast to traditional Science learning. For
this purpose, quantitative method, pretest posttest quasi experimental technique was
used. The learning gain refers to the increase in academic performance of learners
after experiencing UDL based educational environment as compared to conventional
teacher-based methods of book and worksheets.

13.1.4 Research Question

The study was designed to focus on following research question:

RQ: Is there a positive impact of instructions strategy based on framework:
Universal Design of Learning on pupil’s academic achievement?

13.2 Literature Review

To enhance the accessibility, interests and engagement for science in classroom,
it is critical that teacher recognize and address barriers that excludes learners from
accessing the quality education. At elementary level, having a personal association to
science is essential for both teacher and learners as they have fewer science exposure
in daily life and also a dislike for it Roychoudhury [44]. Literature reviewed showed
that there can be barriers related to goal setting in a science class i.e., pupils do
not know why they are learning and what the role of science in their daily lives is
Williams et al. [53]. This leads to rote memorization of the textbook where teacher
comes to the class, reads book but this method of teaching is not effective especially
in science class [24]. Williams, Papierno, Makel and Ceci, described that there must
be a link between pupil’s lives and the content they are studying so that they can
think scientifically about their environment and this will keep them engaged [53].

A basic purpose of science is to construct representations that have analytical and
investigative power, where such goals are supporting in daily knowledge growth.
Roychoudhury advised that the science is required to be grounded in everyday
experiences, so pupils develop the sense from their experience of learning science
(2012). When pupils’ needs are responded it helps to address learning barriers [14].
Therefore, teachers require professional training that promotes thinking, talking and
doing science in classroom [29, 44]. Thinking in science advocates using commonly
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accepted concepts which may be solved through collaborative group learning in
which pupils will brainstorm ideas and discuss it with teacher. Pupils are often not
being able to express scientific ideas. This can be overcome through collaborative
talks and use of multiple media and tools to express ideas of science as promoted
in idea of talking in science. Not being able to carry out experiments is the biggest
concern of learning science and doing science. Provide pupils with multiple options
of performance is the solution [29].

Another serious difficulty, which pupils might face in science is misconceptions
that needs to be treated very seriously. Misconceptions are those early perceptions
based on personal experiences, that are not in line with the scientific theories [8].
Pupil’s naïve theories may interfere with their capability to understand Science
concepts adequately [37] and if clarification is not provided it stays in pupil’s minds.
There are diverse pupils in science class with different preconceptions and a teacher
must consider those pupils who have misconceptions about the lesson and without
clearing them, pupils cannot build new knowledge on those misconceptions [19].
Wahyuningsih, Rusilowati and Hindarto, mentioned that teachers are often unable to
identify that pupil’s academic performance in science is adversely impacted because
of pupil’s misconception or misunderstanding [52]. According to Pine, Messer and
Jhon teachers rated one third of science topics as abstract and difficult, also identified
more than hundred misconceptions that pupils have in primary Science curriculum
(2010). Teaching approaches that provide well scaffolded instructions and constant
formative assessment takes account of learner’s prior knowledge andmisconceptions
[14].While representation of knowledge, teacher needs to identifymisconception and
address them timely through query-based technique, discussion or preassessment in
classroom [52]. Franke, Scharfenberg and Bogner, suggests that constructivist peda-
gogical approach can help change the pupil’s misconceptions in favor of scientific
conception [19].

Lemke states that leaners are not taught how to talk in science, which is required
to discuss, explore, investigate or express science in writing [29]. Pupil have diffi-
culties to describe or use the scientific terms when explaining scientific concepts,
thus poor Science vocabulary is another barrier mentioned in literature [6, 19, 31,
41]. Learning science means learning complex vocabulary meaning some words are
unfamiliar to pupils and some are used specifically in science, which can be a barrier
for many pupils [41] because thinking and talking in science is very important and
thinking requires language [53]. Franke, Scharfenberg and Bogner found that 52.8%
pupils failed to deliver appropriate concept for the scientific term e.g., enzymes [19].
Pupils are often not being able to express scientific ideas. Moreover, Science vocab-
ulary is challenging for both native English speakers and English language learners
because several terminologies are uncommon [21]. This can be overcome through
collaborative talks and use of multiple media and tools to express ideas of science
using scientific vocabulary [1]. Lemke advised that to learn Science language, one
needs to speak it with those who mastered it and use it during learning process [29].
Therefore, they advised that teachers need to use suitable strategy by introducing and
describing the scientific terms clearly with emphasis so pupil use them appropriately
[19]. For example, text book reading sessions [21], discussion-based approach with
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emphasis on science terms [1], use of collaborative work with scaffolding i.e., visual
aids, flash cards, graphic organizers [21]. However, it is not merely using the vocabu-
lary but to learn how to associate the meanings of diverse terminologies with respect
to accepted ways of talking science [29]. Brown and Concannon advised the literacy
strategies to support Science learning including learner’s perceptions of vocabulary
knowledge and associate it with significant content achievement [6].

To eradicate all the barriers to learning, teacher tries its best to make the course
accessible for varying needs and strengths. Universal Design for Learning is an effec-
tive framework and provide distinct set of guidelines that support teachers to plan
lessons that is accessible for all pupils in the classroom [10]. Literature suggests that
when teacher plans the lessons using the framework, it helps to eradicate the persisting
barriers in curriculum and allow learners to access and engage in curriculum [16, 24].
UDL popularity in recent years as pedagogical approach to fulfil the learning need
of all the pupils with diverse abilities is substantial [25]. UDL is a framework based
on the constructivist theory and built on cognitive neuroscience which emphasize
on engaging multiple brain networks [2]. UDL framework is based on three main
principles to eradicate learning barriers i.e. (1) Multiple means of representation,
(2) Multiple means of action and expression and (3) Multiple means of engage-
ment [35]. Science is all about concepts and constructing new knowledge over prior
knowledge with experiences or experiments. According to Singh and Yaduvanshi,
learners actively construct knowledge in the science classroom by actively partic-
ipating in the classroom, brainstorming, group discussions and experiments, [46].
Clearly stating the purpose of the undertaking Science problem is vital [53] which is
one of the basic guidelines of recognition network. UDL principles help us to know
an individual’s strength rather than their learning difficulties by providing multiple
means of representation and assessment [4].

Schreffler, Vasquez, Chini and James synthesizes the UDL based literature for
STEM education of postsecondary pupils and suggested that UDL based lesson
planning is very beneficial in term of accessibility, self-regulation and enhancing
attention in classroom [45]. According to McPherson, learner takes responsibility of
their work and develop sufficient self-reliance when flexibility in learning processes
is offered with respect to the framework [31]. Baurhoo and Asghar, stated that pupils
with a learning disability or any physical disability in primary and secondary grades
are not performing well in their science class as compared to their peers and 56% of
the teacher accepted that they use the term “Disability” as a reason of the failure of
these pupils [4]. Moore, Holterman, Simone and Huggett recommended that team-
based learning applied with UDL guidelines can be very advantageous for pupils
and it does not have any disadvantages such as noise because 90% pupils find these
sessionsmore successful to improve learning in classroom [32].McPherson found the
evident positive influence of instructional planning in learner’s performance when
based on neurological networks for Pre-K-4 Science education [31]. Narkon and
Wells designed instructions with evidence-based story mapping technique using
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UDL guidelines to improve comprehension for reading primary grade pupils and
found it very effective [35]. When a case study and participatory action research as
methodology was used to evaluate the process of redesigning the Science curriculum
for high school learners with and without disabilities using UDL framework, most
positive outcome was observed in term of teamwork, empathy development and
academic performance [16].

It is challenging to evaluate the UDL impact on learning because of its design,
flexibility and iterative nature [3]. Murphy states that, effectiveness of UDL frame
work is yet to be proven before applying the framework in educational institutes
[33]. The application of UDL framework for improvement of learner’s performance
is not reported much, however, variability of learners and lesson planning are
addressed [40].

13.3 Methodology

To evaluate the effectiveness of the UDL based lesson implementation in science, a
quasi-experimental pre-test post-test design was used in the study.

13.3.1 Participants

The study was conducted in a private school situated in the city of Islamabad, the
capital of Pakistan. The school was selected on the basis of convenient sampling,
because technological equipment was required for the intervention, which was easily
accessible in the selected school.

Research participants were fourth grade pupils (N = 60) with age ranges of 8
to 11 years. Participants were divided in two comparison groups named as control
group (N= 30) and experimented group (N= 30). For comparative analysis, control
group was taught in traditional instruction (teacher-centered lecture based with very
little involvement of pupils) conversely, experimental group receivedUDL compliant
instructions (pupil-centered with technological incorporation, where teacher acts a
facilitator). The structure of classes was kept intact, as the school administration
wanted to keep the class structure intact and did not allow to create partitions within
the class. However, the school had two sections for grade four, thus, the groups were
assigned between two sections of grade four. It was also ensured that the previous
academic records of the two groups did not contain any inherent bias that may affect
the study. Both groups were assigned the same instructor for any particular subject,
and each group demonstrated similar grades and learning achievements, prior to this
study.
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13.3.2 Intervention: Time, Resources and Space

Learner profiles were created using the Felder Silverman’s tool to diagnose learner’s
preferences and learner interest and technological accessibility and preference was
also identified through questionnaire. After understanding learner’s interests, tech-
nological and learning preferences, lesson was planned using the learner’s infor-
mation with respect to UDL guidelines and checkpoints. Afterwards, pre-test was
conducted for both the control and the experimented group. The intervention was
then continued for three weeks, based on the span of 12 sessions of 30 min each. The
intervention span of three weeks was suitable for the experiment as it has been prac-
ticed by Khan et al. [27]. Experimented group received instructions in the computer
lab because technological tools required for interventions were not available in the
classroom, however, the control group received traditional teaching (lecture-based
teacher centered approach) in their own classroom.

13.3.3 Instructional Objective

The typical curriculum is usually based on written material and devised for uniform
group of pupils, ignoring the needs of diverse learner needs. Thus, traditional
curriculum puts a burden on educators to create modified materials that will support
various learner needs [39]. As indicated before, blended learning approach are more
viable to attain the required instructional objectives when UDL framework is linked
to curriculum. Heterogenous group of pupils in a classroom can engage in appro-
priately challenging learning environment when curriculum objectives are attained
usingmultiplemeans of expression, assessment and engagement [39]. Thus, theUDL
framework implementation is based on the following learning goals as proposed in
the Pakistan National Curriculum of Science for Grade four.

• To identify the sources of common food
• To explain the properties of major food groups
• To classify different food into their basic groups
• To differentiate between balanced and unbalanced diet
• To suggest the balanced meal from given list of foods and to explain why each

food was chosen
• Explain the effects of unbalanced diet on health
• Explain hygiene and its basic principles.

After understanding the learning goals and expected learning outcome from the
unit’s curriculum, commonly used lecture based and teacher centered-traditional
approach was used for control group. However, the UDL based lesson plan was
developed to teach the experimental group. Both the pedagogical approaches are
discussed and compared below.
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13.3.4 Traditional Instructional Design for Control Group

According to traditionally planned lesson provided to teacher by the school for
teaching the unit food and health did not require any technological resource. Thus,
the control group received the instructions in their own classroom. After greeting
the class, the teacher prepared the whiteboard, and there she mentioned the unit title
and number form the text book i.e., Unit 4: Food and Health. Then she asked the
pupils to open their books and look at the pictures of different foods and asked about
their favorite food items from the picture. Next, she started to explain why food is
important for human body and then linked it to the first topic i.e., food group and
sources. She opened the book and showed the pupils pictures of different food items
and explained the groups they belonged. Afterwards she asked the pupils to read the
explained topic form the book. If the pupils faced any difficulty reading any word,
the teacher read it for them and asked them to read again. Teacher used only the
English language as mode of instruction in class. After the reading session, pupils
were asked to take out their science note bookswhile the teacherwrote True and False
statements based on the discussed topic on the white board and asked pupils to copy
the work on their notebooks. Answers were not provided and the pupils were only
asked to copy the statements first. Once all the pupils copied the statements, teacher
gave them fifteen minutes to use the book and write whether each statement is true
or false. After fifteen minutes, the teacher wrote the answers on the bord and asked
the pupils to copy them or make necessary corrections. Additionally, the activity in
the book was given as homework. Afterwards, the teacher checked their notebooks
to make sure that all the pupils copied the work correctly from the white board.

To teach the topic: balanced diet, its importance and food pyramid, the teacher
pasted a chart showing a food pyramid and connected the previously taught topic
by explaining importance of each group for the human body. She pointed at each
group of food shown in the pyramid and explained how the amounts of different food
groups make a balanced diet. Teacher read the topic and then explained again. After
that the teacher wrote 20 statements with blanks for the pupils to solve. Pupils were
given 20 min to copy and write the answers. When given time was over, the teacher
wrote the answers and checked the notebooks to ensure all the pupils completed the
written task correctly.

In the next session, the teacher pointed at the mounted chart and revised the
importance of a balanced diet. She asked the pupils to raise their hands to answer
questions such as, how can they make sure they eat balance diet? What does food
pyramid show?Why vitamins andminerals are important?What does fat provide us?
If the pupils did not provide expected answer, the teacher provided the answer and
asked them to repeat after her so that theymay learn it by heart. Then she linked it with
topic: unbalanced diet and its harms. After explanation of topic, the teacher wrote
short questions on white board from the text book and left some space for answers
between each question. Pupils were given 25 min to copy the work and answer the
questions. Later, the teacher wrote the answers on board and made rounds to ensure
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each pupil completed his or her written task in given time. Multiple choice questions
provided in the text book exercise were given as homework.

To teach the last topic of the unit, the teacher read the topic and explained the
meaning and significance of personal hygiene. Then she asked all the pupils to open
their books and one by one each pupil was asked to read the topic at their turn. After
the reading session, the teacher asked the pupils to copy the exercise of match-the-
columns from the white board and gave them ten minutes to do the work on their
own. When the ten minutes passed, the teacher mentioned the answers and checked
whether all the pupils completed the work or not. A quiz from the work done on the
notebook was assigned for the next session.

13.3.5 Instructional Design Based on UDL Framework
for Experimental Group

A unit, Food and Health, from national curriculum for general science of Pakistan
was selected for experiment. After understanding the learning goal and expected
learning outcome from the unit’s curriculum, the UDL based lesson plan was devel-
oped. Barriers in material, method and assessment was cognized and it was ensured
that these barriers are removed. Technology was incorporated for representation and
assessment of content through power point slides, videos with audio and subtitle,
PDF files of exercises question with images and games. The non-technological peda-
gogical approaches for representation and assessment were also incorporated in the
lesson, such as, inquiry-based class discussions, class activities, outdoor games, role
playing and group project. Three topics of selected unit (i.e., food group and sources,
balanced diet and its importance, unbalanced diet and its harms) were taught in two
weeks and two topics (i.e., food pyramid, and personal hygiene) were taught in
one-week period.

Teacher used both English and Urdu language as medium of instruction. Mostly
English language was used, but since Urdu is the first language of the pupils, there-
fore, the teacher also explained in Urdu but used the specific vocabulary of Science
in English. Science vocabulary required for the unit topic discussion was provided
on paper with pictorial representation and it was pasted on the board. Also, the
second chart was displayed which presented the nutritional value of several food
items along with the pictures. The vocabulary of the taught content is vital and
needs to be presented to comprehend the text and it is one of the fundamental check-
points provided to implementUDL framework [5]. Learning science vocabulary from
someone who masters it and then use it appropriately in class discussions, arguments
and during analyzing or writing, is essential for science education [29].

It is vital to support and work on authentic scientific thinking of learners that
can help them to make better decisions to improve daily life [53]. Thus, the goal of
the unit was not only to teach the textbook-based content but also help the learners
internalize the habit required for leading healthy life so they can practice the learnt
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concept of science in daily life. Therefore, first lesson started with a short video
which showed the impact of eating habits on a person’s health. The goals of the topic
were discussed by posing questions from the video, such as, what was the difference
in eating habit of boy and girl shown in the video, why the boy got tiered and felt
unwell. Using technological medium like the video can provide alternative input for
learners who require it King-Sears [28].

To enhance engagement, learners’ own eating habits were discussed in the class-
room by posing several questions, such as, what is your favorite food? When you go
tomarket? Do your parents allow to pick food items of your own choice?Which food
would you prefer in the given list and why? What kind of food is available in school
cafeteria? Do you buy from school cafeteria?What kind of food do you prefer to buy
form your pocket money?What kind of food your parents persist to consume in daily
life? Afterwards, the pupils were asked to write down the list of their favorite food
items and mention which of them are healthy. Then the misconceptions were cleared
and new knowledge was presented by relating it to prior knowledge in a discussion
session.

Subsequently, food group and sources, balanced diet and its importance,
unbalanced diet and its harms were demonstrated using video composed of images
related to the text given in the book with background audio and subtitles as suggested
by Spencer [48]. Facilitator paused the video several times and asked questions from
the video to keep the learners engaged. Next, the facilitator read the mentioned topics
from e-book shown through multimedia projector, and learners looked at the chapter
in their books. The colorful images of the food groups and its sources are provided in
the textbook. Worksheet based on questions related to the topics discussed through
video and explained in reading session was provided to the pupils, which comprised
the book exercise. Pupils worked in pairs to do the exercise provided in the book.
Pupils were more motivated and engaged to participate in pairs or groups of their
choice [48]. Facilitator also provided the option of working alone, but all the pupils
preferred to work in pairs. After discussing the worksheet with each other, one pupil
was required towrite the answers and onewas required to share the answerwith class.
As an option, the pupils were allowed to use the audacity software in computer using
their headsets to record their responses in case they did not wish to present in the
class themselves. Thiswas opted only by a single group. For support during formative
assessment, the video was provided to the pupils on their computer systems, if pupils
required, they could watch the video again on their pace using earphones or use the
text book for support. Additionally, pupils were given a choice to use their text book
to look for answer as well. Facilitator provided feedback and support continuously
during class activities and group work.

Afterwards, the pupils were asked tomake groups of their own choice and through
power point presentation labelled images were shown to the class to connect the
acquired knowledge of balanceddiet and its impact onourhealth. For this purpose,
images were displayed on multimedia comprising different meals which included
balanced or unbalanced diet. Facilitator asked the pupils to choose the 3 meals for
themselves and prepare their healthy diet plan for one day. Pupils were also required
to discuss the effect of their chosen meal on their health and describe if it is based
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on balanced diet or not. Groups were allowed to express their work either by writing
their answer, drawing pictures, explaining verbally or preparing a short presentation.

An activity was performed to internalize the concept of learnt topics. In the group
activity, each group was provided two baskets and bag of food. Each group was
required to add food in the basket for a healthy and balanced diet meal and also
write the name of food group on the sticker and paste it on the food item or explain
verbally to demonstrate the group of the food item. Pupil were also provided with
the nutritional value chart to make the meal balanced for support.

For homework, pupils were asked to record what they eat daily and categorize the
foods into groups in order to monitor whether a balanced diet is being taken or not.
For support, worksheet was given to them but the pupils were provided choices to
represent their work in different ways such as, use audio recording, a small video, a
presentation, drawing, a short essay or a chart.

The topics i.e., Food Pyramid and Personal Hygiene needed to be connected
to the previous lessons, therefore, facilitator showed a short-curated video to pupils
which connected the new topics to the previously taught topic and asked fewquestions
at the end of the video as advised in literature [28, 48]. Then a worksheet based
on textbook was given to the pupils and it was also displayed through multimedia
projector. Facilitator asked the pupils to fill at least three food items for each group of
food and then afterwards the teacher explained what is food pyramid and how can we
make a balanced meal using guidelines from the food pyramid. Afterwards, teacher
displayed the concept map chart on the soft board and explained in which described
the topic food pyramid and then a small video was shown how to develop a concept
map. Pupils were asked to develop a concept map in a group activity and facilitator
provided the support when required. Pupils were also providedwith the video on their
computer to revisit the idea of how to develop concept map on their own. Facilitator
read the topic form the book aloud for recognition of science vocabulary. Next, the
pupils were asked to read the topic form text book. Pupils were also provided the
e-book, the text to speech feature of e-book helped them to read the difficult words.
Important vocabulary items were emphasized as advised by Lemke [29].

After the reading session, pupils were provided with a worksheet comprising two
types of fun questions. To do this formative assessment, pupils were given a choice
between match the column exercise or play the cross-word puzzle in groups of three.
This helped them to combine science terminologies and meanings and supported in
understanding and comprehension.

Literature suggests that video games are an effective way to offer pupils multiple
means of representation and expression [17, 30]. The group who completed their
work in given time and showed discipline in their work were recognized by a reward.
Then the pupils played the digital game: healthy eating kids food game where they
prepared the meal for the character i.e., a Panda. The pupils prepared the meal for
the panda and then facilitator asked questions regarding the choice of food items for
the meal with respect to the food pyramid. Khan, Ahmad and Malik recommended
game-based learning for science in comparison to conventional science lesson for
significant impact on learner’s engagement [26].
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Science homework was a small project from the text book that was given to the
pupils where they were required to make a booklet of the different food items used by
their family during breakfast, lunch and dinner and then describe whether the meals
were balanced with respect to the food pyramid guidelines or not. For providing
multiple ways of expression, learners were allowed to write, paste or draw pictures
for the booklet. Rubric for the project was provided in the form of a printed copy and
attached in pupils’ notebooks to clearly communicate the expectations of the work.

Next, the unit topic i.e., personal hygiene was also demonstrated using video
composed of images related to the text given in the book with background audio
and subtitles as advised by King-Sears [28]. Teacher asked questions afterwards to
explore learner’s understanding related the topic as suggested byDarling-Hammond,
that when instructions are thoughtfully interwoven with inquiry, it helps understand
learner’s engagement, and provide timely feedback [14]. Teacher then explained the
topic showing the images provided in the book through multimedia projector. For
formative assessment, pupils worked on the class activity based on role playing to
show how to take care of their personal hygiene in a group of their choice. Pupils had
a choice to present in the class or record a video of their role play. Only two groups
opted the option of video recording. Rubric was provided to each group in form of a
hard copy. When all learners presented their work, similarity and differences in the
role play was discussed. Also, the most compelling reasons for prioritizing personal
hygiene in daily lives mentioned by the groups in their role play were highlighted in
the discussion.

Reinforcement-based-homework was given where learners were required to build
projects from the given choices such as taboo card game based on Unit topics, a short
story book on Unit: Food and health, a puppet show for the unit topic, poems for each
topic in the unit. Rubric for each kind of representation was provided to pupils so
that they have clarity of expected performance. Pupil picked projects of their choices
and in next class presented their work and shared the learnt knowledge with their
classmates. All of the above-mentioned assessment techniques used in classwork
and homework were considered as formative assessment. After the completion of
the unit, a post-test was conducted.

13.3.6 Instructional Design with Respect to UDL Checkpoints

The following Tables 13.1, 13.2, and 13.3 provide the details of the pedagogical
strategies of UDL compliant lesson mapped with the standard recognition, strategic,
and affective network checkpoints, respectively.

In Table 13.1, the check points related to the recognition network are described.
The recognition network deals with the ‘what’ of learning. The table includes all
the check points belonging to the categories of perception, language and symbol,
and the comprehension. Each of these categories are further divided in to several
check points as shown in the table. For each of the checkpoints, the corresponding
pedagogical methods, supplementary material, and the modes of assessments are
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Table 13.1 Pedagogical strategies of UDL compliant lesson mapped with recognition network’s
checkpoints

UDL
network

Recognition network
The ‘WHAT’ of learning

UDL
principle

Provide multiple means of representation

Check point
no

Guideline for check
points

Methods Materials Assessment

1 Perception

1.1 Suggest modes to
customize the
presentation of
information

– Teacher explains
video and plays it
twice

– Large font and
images used on Chart
and

– E-book provided to
pupils

– Discussion through
questions

– Video
– Chart paper
– E-book
– Verbal questions
– Paper pencil
– Multi-media
projector

– Verbal
questions

– Worksheet
– List down
asked
information

1.2 Suggest substitutes
for audio
information

– Chart for vocabulary
– Use of underline and
bold feature in
E-book

– Video of text book
content with large
images and subtitles
with clear and large
fonts

– E-book
– Video with
images form text
book and
background
audio

NA

1.3 Suggest substitutes
for ocular
information

– Text to speech
feature provided in
the book

– E-book NA

2 Language & Symbol

2.1 Clarify terminology
and symbols

– Pre-teach science
vocabulary

– Highlight complex
terms

– Chart paper with
pictorial
representation on
soft board

– E. book
– Multi-media
projector

– Questions
related to
science
vocabulary
during reading
session

– Underline the
words and
write down
description

2.2 Clarify composition
and assembly

– Link between ideas
and concepts

– Verbal
explanation

Underline the
words and write
down description

2.3 Help interpreting
text, mathematical
representations

– Access to e-book on
their computer
system

– E-book’s text to
speech feature

NA

(continued)
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Table 13.1 (continued)

UDL
network

Recognition network
The ‘WHAT’ of learning

UDL
principle

Provide multiple means of representation

Check point
no

Guideline for check
points

Methods Materials Assessment

2.4 Support
understanding
across languages

– Explained book
content in and video
on both English and
Urdu language

– Verbal
explanation

– Questions
during reading
sessions

2.5 Illustrate through
multiple media

– Explained concepts
and made links
between information

– Chart paper with
pictorial
representation on
soft board

– Video
– Text book
– E book
– Multi-media
projector

– Questions

3 Comprehension

3.1 Stimulate
background
knowledge

– Pre-teach critical
prerequisites—
explains video and
play it twice

– Chart explained
– Connection between
information through

discussion and
questions

– Video
– Chart paper
– Verbal questions
– Paper pencil

– Verbal
questions

– Worksheet
– List down
asked
information

3.2 Emphasize patterns,
critical features, big
viewpoints and
associations

Use of cues and
prompts to draw
attention to critical
features

– Video
– Verbal questions

– Verbal
questions

– Worksheet
– List down
asked
information

3.3 Guide information
processing and
visualization

Introduce gradual
scaffolds to support
information processing
– Chunk information
into smaller elements

– Progressing release
of information

– Verbal feedback
– Chart paper
– Video
– Verbal questions

3.4 Increase transfer
and generality

– Revisit the idea and
opportunity to revisit
ideas

– Questions based on
learner’s real-life
experience and
practices

– Provide template to
create concept maps

– Chart on
softboard

– Video

– List down
asked
information

– Create concept
map
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Table 13.2 Pedagogical strategies of UDL compliant lesson mapped with strategic network’s
checkpoints

UDL network Strategic network
The ‘HOW’ of learning

UDL principle Provide multiple means of action and expression

Check point no Guideline for
checkpoints

Methods Materials Assessment

4 Physical Action

4.1 Adapt the ways
for answer and
navigation

Provided
alternatives for
physical responses,
technologies, range
of motor action
required to interact
with content

– Audio recording,
a small video,
power point
presentation,
drawing, write a
short essay or
make a chart

– Paste picture,
write or drawn
with paper pencil

– Present or record
video of role play

– Make card game,
paper pencil to
write story or
poem. Puppet
show

– Worksheet was
given to
categorize food
items

– Worksheet
comprised of fun
question with
choice

– Project: make a
booklet

– Role play
– Project

4.2 Optimize
provision of
instruments and
assistive
technologies

Teacher provided
technological
assistance for the
class work

– Head phones—
Computer

– Text to speech
feature

For reading and
worksheets

5 Expression and Communication

5.1 Use several
methods for
interaction

– Allowed to use
several media for
responses

– Answer
questions using a
variety of
strategies

– Audio recording,
a small video,
power point
presentation,
drawing, write a
short essay or
make a chart

– Past picture, write
or drawn with
paper pencil

– Present or record
video of role play

– Make card game,
paper pencil to
write story or
poem. Puppet
show

– Worksheet was
given to
categorize food
items

– Worksheet
comprised of fun
question with
choice

– Project: make a
booklet

– Role play
– Project

(continued)
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Table 13.2 (continued)

UDL network Strategic network
The ‘HOW’ of learning

UDL principle Provide multiple means of action and expression

Check point no Guideline for
checkpoints

Methods Materials Assessment

5.2 Use several tools
for creation and
arrangement

Provided and
allowed to use the
several tools for
answering
questions

– Text to speech
feature of e-book

– Voice recorder,
-Audacity
software

– Headphone set
and mic

A chart paper with
Science vocabulary
and related images

Answer the
worksheet

5.3 Build fluencies
with progressed
levels of help for
exercise and
implementation

– Read topic using
text book with
support of e-book

– Provide
differentiated
feed

– Started with
worksheets and
then projects
were given

Text to speech
feature of e-book
– Verbal support by
facilitator

Varied types of
assessment methods
were used

6 Executive Functions

6.1 Guide
appropriate
goal-setting

– Objectives were
discussed in the
beginning

– Provision of
rubric

– Time of tasks
were provided

– Printed hard copy
– Classroom wall
clock

NA

6.2 Support planning
and strategy
development

– Provision of
rubric with time
to submit the
project and
checklist that
shows
expectations

– Provision of
support to
achieve the goal

– Printed hard copy
– Video links

Project: make a
booklet
– Role play
– Project on all
topics

6.3 Facilitate
managing
information and
resources

Guided pupils for
note-taking

– Note book
– Worksheet

Assessment given in
text book

6.4 Enhance capacity
for monitoring
progress

Provision of
scoring rubrics
Concept map
example

– Printed hard copy
– Video links

Rubrics were
provided for
assessments
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Table 13.3 Pedagogical strategies of UDL compliant lesson mapped with affective network’s
checkpoints

UDL network Affective network
The ‘WHY’ of learning

UDL principle Provide multiple means of engagement

Check point no Guideline for
checkpoints

Methods Materials Assessment

7 Recruiting Interest

7.1 Optimizing
individual choice
and autonomy

– Choice between
reward was
given

– Choices were
provided to
express their
work

– Smiley sticker or start
sticker

– Audio recording, a
small video, power
point presentation,
drawing, write a short
essay or make a chart

– Past picture, write or
drawn with paper
pencil

– Present or record
video of role play

– Make card game,
paper pencil to write
story or poem. Puppet
show

– Work sheets
and Projects

7.2 Optimize
relevance, value
and authenticity

Activities were age
appropriate and
examples were
taken from real life
context
– Activities that
allow to practice
the content

– Activities
included to
promote the use
of creativity

– Make card game,
drawing, write a short
essay or make a chart
paper pencil to write
story or poem. Puppet
show

Project and
experiment
based on
content
knowledge

7.3 Minimizing
Threats and
distractions

– Continuous
reminder to
complete task in
time

– Allow extra time
to complete the
task

– Use of
equipment that
help control
noise in
environment

– Provided
choices to
perform the
tasks

Class room wall clock
– Headphones
– Recording, a small
video, power point
presentation, drawing,
write a short essay or
make a chart

– Paste picture, write or
drawn with paper
pencil

– Present or record
video of role play

– Make card game,
paper pencil to write
story or poem. Puppet
show

– Work-sheet,
experiment
and project

(continued)
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Table 13.3 (continued)

UDL network Affective network
The ‘WHY’ of learning

UDL principle Provide multiple means of engagement

Check point no Guideline for
checkpoints

Methods Materials Assessment

8 Sustaining Effort and Persistence

8.1 Heighten salience
of goals and
objectives

– Teacher
demonstrated
how to use given
application on
computer

– Discuss the
content using
real life example
from pupil’s life

– Audacity software
– E book
– power point
– Verbal discussion

– Work-sheet
and
experiment

8.2 Vary demands
and resources to
optimize
challenge

– To perform the
given tasks,
choices were
provided with
differentiated
degree of
difficulty

– Audio recording, a
small video, power
point presentation,
drawing, write a short
essay or make a chart

– Past picture, write or
drawn with paper
pencil

– Present or record
video of role play

– Make card game,
paper pencil to write
story or poem. Puppet
show

– Work-sheet,
experiment
and project

8.3 Foster
collaboration and
community

Promoted group
work in class with
division of
assignment of roles
and responsibilities
– Asked pupils to
take help form
facilitator in
specific
activities

– Expectations for
the work was
communicated

– Learners were
also allowed to
choose to work
in group, pair or
alone

– Worksheet
– Multimedia projector
– Computers
– Printed rubric
– Basket and food items

– Work sheets
– Class
activity

– Experiment

(continued)
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Table 13.3 (continued)

UDL network Affective network
The ‘WHY’ of learning

UDL principle Provide multiple means of engagement

Check point no Guideline for
checkpoints

Methods Materials Assessment

8.4 Increase
mastery-oriented
feedback

– Timely feedback
was provided
after each
activity and
assessment

– Mistakes and
misconceptions
were discussed
without
specifying any
pupil

NA For all kind of
assessment
techniques
mentioned in
lesson plan

9 Self-Regulation

9.1 Promote
expectations and
beliefs that
optimize
motivation

– Teacher
modelled and
explained the
process

– Provided
reminders to
complete task in
time and rubrics
with guidelines
so that pupils
complete the
tasks themselves

– Basket and food items
– Multimedia Projectors
– Computer

– Experiment
– Concept
map activity

9.2 Facilitate
personal coping
skills and
strategies

– Teacher
provided support
to the pupils in a
group’s activity
and individual
tasks were also
given in group
so peers can also
help each other
when required

– For homework,
ample practice
was done during
formative
assessments and
rubrics were
also given

– Computers
– Paper
– Card board
– Pencils

– Game
– Worksheet
– Home
assignments

9.3 Develop
self-assessment
and reflection

– Provided
support for
self-assessment
through rubric

– Feedback was
provided

– Paper
– Verbal feedback

For all kind of
formative
assessments
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mentioned. Similarly, Table 13.2 describe the strategic network which is related to
the ‘how’ of learning. All the checkpoints and the associated pedagogical methods,
materials and the assessments are listed in this table. Lastly, Table 13.3 contains the
checkpoints related to the affective network which deals with the ‘why’ of learning.
Against each individual checkpoint, the associatedmethods, supplementarymaterials
and assessments are mentioned.

13.4 Results

13.4.1 Pre-test and Post-test Design

The content of the pre-test and post-test was formulated carefully from selected
units of science from the text book exercise. The pre and post-test consisted of ten
multiple choice questions, whichwere used to check the understanding of the concept
in contrast to memorization.

The content validity of the pre-test and post-test were ensured by obtaining the
approval of several teachers through moderation, as practiced by Khan et al. [27]
and suggested by Gay et al. [20]. Pupils were familiar and comfortable with paper
worksheet method; thus, tests were conducted on paper worksheets. This specifically
helped to keep the conductance method same [27]. The concepts, time period, level
of difficulty and conductance method, for pre-test and post-test were kept same as
advised by Creswell [12]. The test took 10 to 25 min depending on learner’s pace.
The knowledge in the assessment was covered in the lesson delivered during twelve
sessions (each of 30 min span). Teacher remained in the classroom for providing
support to the pupils during the tests. The support included helping pupil understand
question and reading the question statements if required. Post-test was conducted in
the fourth week. After marking all the tests, the scores were recorded using Statistical
Package for Social Sciences (SPSS).

13.4.2 Data Analysis

The data of independent variables were evaluated by conducting descriptive anal-
ysis with certain assumptions i.e., normal distribution, because the parametric tests
were based on normal distribution [18]. Shapiro–Wilk test was employed to test the
normality of data because the sample was less than 100. A non-significant result
i.e., p > 0.05, shows normality. In Table 13.4, the results of Shapiro–Wilk tests are
provided which show that for both pre-test and post-test we get p > 0.05, which
suggests that the assumption for normality is satisfied and therefore the inferential
statistics t-test can be employed.
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Table 13.4 Test for normality

Shapiro–Wilk

Statistics DF P

Pre-test 0.96 60 0.075

Post-test 0.968 60 0.119

Table 13.5 Similarity of groups based on pre-test data

Group Descriptive statistics Independent sample t-test

N M SD T DF P

Control 30 12.8 3.51 0.269 58 0.7

Experimental 30 12.5 5.00

Similarity of groups based on pre-intervention data

The equal variance independent sample t-test was conducted, by setting a confi-
dence interval of 95% to compare the means of experimental and control groups
before applying intervention. The purpose was to check whether the learners of the
two groups were at similar learning level in terms of their pre-test score before the
intervention. As shown in Table 13.5, both the groups i.e., control and experimental,
consisted of 30 learners. The mean (M) and standard deviation (SD) of the pre-test
scores for both the groups came out to be similar. The subsequent inferential statistics
results i.e., T (60) = 0.269, p = 0.7, show that both the control and the treatment
group were at similar level of learning as presented in Table 13.5.

Evaluation of learning outcomes between the groups

To analyze the impact of UDL based lesson intervention, comparison of post-test
scores of learners between experimental and control group was done. For this
purpose, independent sample t-test was employed after testing the data for certain
assumption i.e., data for the parametric tests is normally distributed which was calcu-
lated using Shapiro–Wilk test resulted in p > 0.05 to be exact p= 0.119 as shown in
Table 13.4. The mean score for the experimental group was significantly higher 14.8
± 4.34 as compared to the control group 12.8± 3.97. The learning outcomes calcu-
lated through independent sample t-test shows the statistically significant difference
between experimental and control group in favor of experimental group (Table 13.6).

Table 13.6 Difference in learning outcome after intervention (post-test)

Group Descriptive statistics Independent sample t-test

N M SD T DF P

Control 30 12.8 3.97 1.996 58 0.03

Experimental 30 14.8 4.34



292 M. A. Mirza et al.

This indicates that when science lessons were taught using the UDL approach, the
academic performance of learners improved significantly.

Evaluation of learner’s pre-test and post-test within the group

The pair sample t-test was employed to evaluate the mean ranks of pre-test and post-
test scores with in the experimental groups. The quantitative analysis showed that
there was a statistical difference in the scores of pre-tests and post-test. For pre-tests
(M = 12.5, SD = 5.005) to post-test (M = 14.766, SD = 4.344), t (30) = 4.365,
p = 0.000, which is p < 0.05 (two-tailed), and d = 29. This test shows that the
learners performed significantly better on post-test (after receiving UDL compliant
instructions) as compared to their performance on the pre-test (after receiving UDL
compliant instructions) in experimental group with a 95% confidence interval. The
guidelines proposed the effect size larger that 0.014 as large [9], therefore eta squared
statistics (0.39) indicated a large effect size.

13.5 Discussion

According to Supple and Abgenyenga, UDL is extremely beneficial to accommo-
date for diversity in learner where learners do not need to adapt with respect to the
curriculum rather constraint of the curriculum are eliminated by teacher, [49]. Ok,
Rao, Bryant andMcDougall also agree that UDL based lesson plans has the potential
to enhance improves academic performance, engagement and access to curriculum
for pupils with special abilities, [36]. But through systematic review of thirteen
studies, significant inconsistency was found in UDL based research when recording
connection between UDL guidelines and its intervention in classroom [36]. Stolz
states the critique that it is noticed in the literature of UDL that there is inconsis-
tency in the research specifically lack of empirical evidence [50]. The present work
investigated the extent to which he UDL based lesson implementation improved the
learner’s academic performance of Primary grade pupils in science classroom in
Pakistan. The UDL based lesson planning had positive impact on learning outcome
of science pupils of primary grade.

In response to the research question: “Does the proposed method based on UDL
lesson planning improve the learning of science learners? the independent sample
t-test shows the significant difference among the experiment and control group, indi-
cating the learning of pupils were improved and learning benefits were attained via
UDL based lesson plan. The difference in learning outcome between the groups in
favor of experimental group in the present study can be associated to the several
reasons. The way a teacher pre-plans the lesson and implements in the classroom has
great impact on learning outcome of learners. Teachers are required to be prepared in
accordance with the strategies of teaching for reaching diverse learners.When lesson
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is planned efficiently using UDL guidelines, it allows educators to more successfully
meet their learners’ needs [11]. In traditional classrooms usually a teacher is involved
in cateringmany pupils at a time and singlemedium of communication is encouraged
and this hinders learning because of pupils’ passive role. Use of technology to support
the lessonplannot only enhances the engagement in learningof science, but also plays
an important role in the improvement of learning outcome. To make specific UDL
strategies that are essential to deliver complete accessibility and success in meeting
the lesson objectives, a thorough analysis of pupil’s needs is fundamental [35].

Murphy, criticizes the evidence provided that supports the effectiveness of UDL
framework andmentioned that only providing the sample lesson plans is not sufficient
because it is impossible to investigate the specific impact of UDL [33]. Therefore, the
present study provided the complete lesson plan and additionally mapped the lesson
plan to the checkpoints of UDL framework given in the official website (https://udl
guidelines.cast.org) of the CAST. These checkpoints or guidelines are the tools and
specific suggestions that educators, researchers, curriculum developers even parents
can use to apply the framework. Table 13.1, 13.2, and 13.3 showed the methods,
material and assessment with respect to the UDL guidelines. However, Table 13.1
represents the lesson plan mapping on check-points for recognition network (i.e.,
multiple means representation), Table-2 for strategic network (i.e., multiple means
of action and expression) and Table-3 for affective network (i.e., multiple means
of engagement). The numbering of the checkpoints is kept same as provided in the
CAST website (https://udlguidelines.cast.org).

All the guidelines have been followed to develop and implement the lesson plan
in a way that learners could be able to comprehend the content, able to set goals, to
achieve their goals and monitor their progress and able to self-regulate and engage in
activities with intrinsicmotivation. For this purpose, variety of pedagogical strategies
were incorporated stepwise so they can achieve these goals. The teacher started with
eradicating themisconceptionswhile activating prior knowledge, connecting the new
knowledge to learner’s own life experiences through discussion. Then gradually, with
incorporation of technological resources teachers used several kinds of knowledge
representation and formative assessment techniques so that the learners would be
intrinsically motivated to take command as much as possible. In the lesson plan, it
can be seen that at the start scaffoldings and support was very high but gradually there
was release of support and learners were provided with rubrics to assess themselves
and provided the tasks that they were able to perform alone on their own. At the
beginning pair or group work helped learners to work with each other and get support
with peers or facilitator but by the end of the lesson, learners were able to work alone
on the class activities and project. Moreover, range of choices were also provided
with assessments so learners could learn and perform with respect to their learning
styles. Thus, the positive impact of the intervention is noticeable through the quasi-
experimental pre-test and post-test design.

https://udlguidelines.cast.org
https://udlguidelines.cast.org
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The similarity in the level of knowledge was determined by independent sample
t-test of pretest results and it is observed that both control and experimental group
were at same learning level as mentioned in Table 13.5. In the lesson plan, it is seen
that there is overlap of planned strategies and UDL checkpoints. Boxtel and Sugita’s
finding alsomentioned that there are similar check points within the UDL framework
[51], thus overlapping of pedagogical strategies can be observed in the Tables 13.1,
13.2 and 13.3. For example, nine different check points, such as, 1.3, 3.3, 3.4, 6.1,
6.2, 6.4, 8.1, 8.3, and 9.1 suggest to signal/cue pupils to apply strategy [51].

When the statistical differences between groups were examined using indepen-
dent sample t-test, the finding indicated a positive impact of UDL intervention on
learner’s academic performance in favor of experimental group. These findings are in
line with UDL based research [41]. When the pair sample t-test was used to examine
the mean ranks, statistical difference among pretest and post-test between exper-
imental group was noticeable. The improvement in the academic performance of
experimental group in contrast to control group can be related to number of factors.
In order to eliminate most of these factors, it was ensured that there is not inherent
difference in the learning abilities of the two groups. This was also validated through
the t-test during the pre-assessment. The timing of the lectures was also consistent
and both groups were taught during similar time of the day. The same teacher was
assigned to both the groups so that there is no difference in the communication
and inter-personal skills. With all these checks in place, the difference in the learning
achievement among the control and experimental group is correlatedwith confidence
to the traditional and the UDL based teaching approach.

The universally designed pre-planned lesson that addresses the diverse learners
in classroom plays a vital role to heighten the motivation and increase the academic
performance [24]. It is crucial to plan lesson using UDL principles, guidelines and
checkpoints to eradicate the impediments that are essential for successfulUDL imple-
mentation [23]. Therefore, to understand learner’s, informationwas gathered through
questionnaires and learner profileswas gathered at early stage before lesson planning.
According to Dykes and Green, to facilitate the diverse group of learners in a class-
room, it is fundamental to have knowledge of who these learners are and what are
their preferences and interests [15]. This information included learner’s preferences
and learner interest and technological accessibility and preference. Thus, lesson plan
included all kind of learner identified by the learner profile and it was made sure that
diverse learning styles can be addressed for representation and assessment. Learning
styles or preferences play important role in lesson planning of teachers who taught
primary graders [34]. Chik and Abdullah also suggested identification of learning
styles and incorporation of learning strategies that addresses diverse learner’s prefer-
encesmotivate and impact academic performance positively [7]. Keeping the interest
of learners in mind while lesson planning, enhances the engagement and boost moti-
vation and academic achievement [42]. Therefore, several options were provided to
express knowledge with respect to learner’s interests such as poetry, drawing, role
playing etc.

The use of different technological methods also plays an effective role to enhance
learner’s engagement and performance. Rappolt-Schlichtmann et al. also agreed that
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UDL is amethod that attempts to influence the science learning in the user-experience
design of educational environment [41]. When digital reading environment uses the
assistive technology features such as text to speech, highlighting and hardware such
as headphones at independent station, teacher is able to modify the level of support
required by pupils as suggested by UDL check point 4.2 [51].

Limitations and implication for future research and practice

Some limitations were noticed in the design and implementation of the present study.
Detailed demographics of representation sample is provided but variability with
respect to ethnicity was not available in the sample. The study does not employ full
curriculum of a course subject but the experiment was conducted on only one unit.
Therefore, future study can by conducted using more units of science courses. The
study is limited for the primary grade pupil for only science subject. It can also
be employed for the secondary grade pupils and the effectiveness of UDL check-
points applied to the instructions can be investigated. To have internal and external
validity, experimental research with random selection and assignment to condition
from population was not achieved because of the time and resources constraints. This
work can be extended over a long period of time, with random grouping of the total
population for each individual topic. This will eliminate any bias that could arise
from mis-matched groups based on their learning abilities. Lastly, the present study
is based on the quantitative method only, qualitative aspect of the intervention can
be examined in further studies.

13.6 Conclusion

The goal of this study was to investigate the impact of UDL compliant Science lesson
plan on learning outcome of elementary grade pupils. This study also explained that
how UDL based preplanned lesson help engage pupils and boost their motivation
and impact learner’s academic performance. The data analysis revealed that when
Science lesson is taught usingUDL principles (i.e., multiplemeans of representation,
multiple means of action and expression and multiple means of engagements), it
had positive influence on learner’s learning experience in comparison to those who
are taught with traditional teaching approaches. Additionally, the UDL compliant
lesson plan was also mapped with UDL principles (Tables 13.1, 13.2 and 13.3),
guidelines or checkpoints, which reveals that there are similar check points within
the UDL framework thus overlapping of pedagogical strategies (method, materials
and assessments) can be observed.
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Chapter 14
Facilitating Collaborative Learning
with Virtual Reality Simulations,
Gaming and Pair Programming

Piia Näykki, Janne Fagerlund, Minna Silvennoinen, Mari Manu,
Tuula Nousiainen, Merja Juntunen, and Mikko Vesisenaho

Abstract The chapter presents socio-interactional functions that support collabora-
tive learning through three case examples. The examples stem from our long line of
empirical research in which we have explored the possibilities of using various types
of emerging digital technologies for enhancing collaborative learning and interac-
tion.Wepresent case examples from technology-enhanced simulation-based learning
environments, Vive/Minecraft applying XR/VR and pair programming in a creative
media project design with Scratch, which are all regarded as powerful experiential
learning contexts that can provide engaging opportunities for collaborative learning.

Keywords Collaborative learning · Teacher-student interaction Simulation-based
learning environments · Gaming · Pair programming · Virtual reality · XR/VR ·
Vive/Minecraft · Scratch

14.1 Introduction

Technological innovations are broadening learning and interaction opportunities
by augmenting, enriching, and adaptively guiding learning and interaction. New
research is especially keen on the potential of virtual (VR) and mixed reality (XR)
[1–5], game-based learning platforms [6, 7] and creative programming [8–10] to offer
immersive and engaging learning contexts. For several decades, interest has particu-
larly been in developing technologies for social learning interaction in a framework of
collaborative learning [11]. In general, collaborative learning is a powerful context for
enhancing individuals’ learning and is effective for developing group working skills
[12]. Collaborative learning is built through interaction processes of sharing, ques-
tioning and justifying ideas and understanding in social interaction [13, 14]. Digital
learning environments afford new types of opportunities for learners to engage and
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participate in collaborative learning activities [15, 16]. In particular, immersive envi-
ronments add the aspect of human-technology interaction to the learning situation [3,
4]. Technology is changing both ways of learning and ways of teaching or facilitating
learning and interaction. To further guide the implementation of technology in educa-
tion in pedagogically meaningful ways, we need more evidence of how technology
is affecting collaborative learning, teaching, and interaction processes [4, 17–20].

In general, the role of a teacher is changing, and a collaborative learning approach
means a shift away from a teacher-centred approach to an approach that extends the
teacher’s role from information transmission to a designer of the learning experi-
ence [21, 22]. The aim is to empower students to take an active role in planning
and conducting their learning activities in groups, and the teachers’ role is, thus, to
foster beneficial student interaction or design optimal conditions for collaboration,
while giving direct support when needed to the students with cognitive, metacogni-
tive, emotional and motivational activities [21]. The current questions are: How are
new and emerging digital technology providing engaging and creative collaborative
learning environments, and what kinds of interactive functions do they support to
afford to establish meaningful interactions with and among users?

This book chapter seeks answers to these questions by elaborating socio-
interactional functions that support collaborative learning through three case exam-
ples. The examples stem from our empirical research in which we have explored the
possibilities of using various types of emerging digital technologies for enhancing
collaborative learning and interaction. We present case examples from technology-
enhanced simulation-based learning environments, Vive/Minecraft applying XR/VR
and pair programming in a creative media project design with Scratch, which are all
regarded as powerful experiential learning contexts that can provide engaging oppor-
tunities for collaborative learning. These three exampleswere chosen because of their
likely impact on learning and instruction in current and future educational designs
[23].

14.2 Group Engagement as a Central Part of Collaborative
Learning

Collaborative learning is a specific type of learning and interaction process in which
learners in a group share their overall learning process by negotiating their goals
for learning and coordinating their mutual learning processes together [24]. As the
process of collaborative learning consists of discussions, negotiations, and reflections
on the task at hand, it has the potential to lead to deeper information processing
than individuals would achieve alone [14]. The premise for successful collaborative
learning is that group members are actively engaged in building, monitoring, and
maintaining their shared learning processes on cognitive and socioemotional levels
[25–27]. This suggests that interpreting and understanding how your actions and
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emotions affect others is essential to obtaining successful collaborative learning
[28, 29].

We ground our studies in the increasing empirical understanding of the multi-
faceted interaction processes involved in collaborative learning, integrating cogni-
tive and socioemotional components as the core of collaboration [30–34]. Thus,
collaborative learning requires group members to be aware of and to coordinate
their cognitive, metacognitive, motivational, and emotional resources and efforts
[35] by sharing their thinking and understanding, as well as showing verbally and
behaviourally their commitment and engagement to the task and to the group. In addi-
tion to group activities, teacher-student interaction is essential in guiding students’
engagement in learning. This means that how the teacher provides feedback and
encouragement to students individually and as a group can have an effect on students’
learning engagement [21, 36].

In general, researchers agree that engagement is a central part of collaborative
learning and have defined it as a meta-construct encompassing at least three dimen-
sions: behavioural, emotional, and cognitive [37, 38]. Behavioural engagement refers
to positive conduct and active involvement in learning and participation in task activ-
ities. Emotional engagement is characterized through affective reactions of students
during learning processes, how learners feel andmanifest their feelings in the learning
situation, and how socio-emotionally engaged are group members to the group’s
task. Cognitive engagement is highlighted as cognitive investments and the use of
deep learning strategies when learning collaboratively as a group. The theoretical
ideas behind cognitive investments in collaborative learning follow Roschelle’s [12]
notion of cognitive convergence: group members construct shared knowledge by
monitoring the degree to which they understand each other’s thinking, extend other
people’s ideas, acknowledge divergent interpretations, and resolve inconsistencies
between the ideas that have been proposed. The premise underlying such learning
relates to a process of explicating one’s own ideas and engaging cognitively in the
ideas of others [39].

However, students’ engagement in collaborative learning situations requires
skills that are different from and often more challenging than the skills required
for individual learning [40]. To develop collaborative learning skills and afford
learners possibilities to function as cognitively and socio-emotionally engaged group
members, learners need their own experiences of collaboration-based instructional
approaches with authentic and complex problems [41]. Technology is a natural part
of this type of authentic learning.

14.3 Emerging Technologies as Support for Engagement
in Collaborative Learning

Wepresent and explore three case studies involving simulations using a virtual reality
environment for learning, games for learning, and programming where emergent
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and contemporary technologies are used to support collaborative learning in open
problem spaces, especially focusing on collaborative learning interactions and inter-
action processes between the student and the teacher. These emergent digital tools,
with their respective socio-technical designs, were selected because they each repre-
sent different opportunities for learning. VR and XR technologies and simulations
provide an immersive technology-enhanced context for experiential learning and a
reflective discussion between the student and the teacher, while games and program-
ming are contexts for creative learning. These technologies have often been present
in informal contexts as associated with the social lives of the users, which may
thus explain one of the reasons why they are able to access learners’ engagement in
powerful ways. These technologies hold the potential for learning in formal educa-
tion as well, as a part of learning activities organized by educational institutions
[42, 43].

14.4 Forestry VR Simulations in Vocational Education

Lately, there has been great interest in virtual reality simulations because of their
potential to provide engaging, experiential, and immersive situations and contexts
for learning [4, 44]. A recent analysis from 145 empirical studies of higher education
contexts showed that simulation-based learning (SBL) is effective in facilitating the
learning of complex skills across domains [45]. For example, in SBL, one can use
or practice approaches that cannot be reached easily, safely or practiced at all in real
life [46]. The SBLmethod is widely used, especially in safety-focused contexts such
as aviation, healthcare, and the nuclear industry, where it provides possibilities for
a repetitive practice of skills without major risks. Simulation is not a technology as
such, even though technology often has a significant role in SBL [46]. In simulations,
the learner typically has scenario-based problems or real-world problems to solve or
skills to master, and the teacher has the role of supporting this task in collaboration
with the learner. The skills practiced can be either technical or non-technical in nature.
New technological applications, such as VR and game-based learning platforms,
offer immersive contexts for SBL, providing high realism targeting to afford learning
experience as authentic and engaging as possible [46]. The type of simulation depends
a lot on each learning context and has its benefits in being an environment that
can be tailored according to the learning needs [45]. Simulations may evoke strong
and powerful emotions with authenticity, and thus, increase learning engagement in
behavioural, cognitive and emotional dimensions [47].

In vocational education, simulations are implemented to enable a better connec-
tion between the educational setting and the professional skills needed in the field;
however, very little yet is known from the student’s perspective [48]. Jossberger
et al. [48] argue that the presence and guidance of the teacher plays an essential role
in the simulation process and, further, they point out that even though simulations
demand self-direction and commitment, the learning activities and processes are
not sufficiently promoted and supported. In our empirical simulation case studies,
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Fig. 14.1 Practicing mechanized harvesting [49]. Photo taken by Auli Dahlström

we particularly explored learner-teacher interaction and meaningful moments of
learning during simulator training [49]. A multi-method approach was created to
capture learners’ experiences during a simulation experiment. We examined the
complex nature of the learners’ individual experiences and interaction with a teacher,
combined with physiological reactions of the body (heart rate measurements) and
brain electrophysiological activation by electroencephalogrammeasurements (EEG)
[43, 49]. The approach enables exploration of learning situations in a natural context
from different aspects and the integration of individual experiences, emotions, and
physiological and neurophysiological reactions during learning (Fig. 14.1).

The context of this case study is forestry simulations in vocational education,
where SBL is integrated into the curriculum of forest harvester operator training.
In this vocational education programme, students may also use the simulators alone
or with peers in their free time as much as they want. As many of the students
lived on campus, they had good opportunities for independent training. The simu-
lator itself offered instructions and feedback relating to each training task, which
supported independent and joint training. In this case study, six students and two
teachers formed six dyads and participated in an SBL situation consisting of three
pedagogical phases: an introduction to a simulation case, actual simulation tasks, and
a debriefing discussion with the teacher. During the tasks, each student used HTC
T3-D virtual glasses for a more authentic experience and performed four tasks that
dealt with typical activities of mechanized harvesting, such as the different actions
of a forwarder and a harvester, selecting the right trees to be cut, collecting cut trees,
and piling up trees (Fig. 14.2). The tasks were selected by the teacher and became
gradually more demanding so that the fourth task—cutting down large trees in the
correct directions—was presumably a challenging task for all the students, as none
had hardly any previous experience.
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Fig. 14.2 Screenshot of the simulator during a mechanized harvesting task [49]

Before each task, the students received both text-based instructions and video-
based examples directly from the simulator. After each task, the students received
feedback from the simulator based on their performance in the tasks and discussed the
simulator feedbackwith the teacher. Thereafter, togetherwith the teacher, the students
asked, discussed and negotiated, for example, solutions for challenges that emerged
during the session. They also had a short debriefing session with the teacher after
the training, during which the video recording of the simulator was used to stimulate
discussion. In our case study, the students were interviewed individually after the
SBL training situation and, with video recordings of the tasks, a stimulated recall
method was used to stimulate the student’s memory and to discuss the experience in
detail. As we were interested in the students’ experiences regarding their learning,
the students annotated their videos of the tasks with an emphasis on episodes they
defined as memorable and considered meaningful for their learning. In addition, the
students described emotions they experienced during the training and commented
on the successes and challenges of the episodes that they felt were meaningful.
Further, they evaluated how it is to drive a simulator compared to a real forwarder or
harvester and justified their arguments and preferences. The use of VR glasses was
also discussed, and the students carefully explained the benefits and challenges of
their use. The students also examined their perceptions of student–teacher interaction
and its role in that particular SBL situation, while the teachers shared their views of
the interaction on a general level during their individual interviews.

This case study highlighted the strength of SBL to offer students opportunities to
practice forestry alone, together with other students, and with the teacher. Through
the VR environment, the immersive experience of realistic forestry machines and
the forest site were created. VR-enhanced SBL was a new learning experience for
the students. In their study programme, similar activities and actions are typically
practiced with real forestry machines. In this case study, the simulator instructed
them during the tasks and gave automatic feedback to the students after each task
performance. It became visible that the students could influence their own training
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activity, choose suitable tasks, and evaluate their performance with the help of the
feedback provided by the simulator. Thus, both the student and the teacher monitored
the learning process, and when necessary, the teachers further guided the students,
interactingwith the device. Therefore, the simulator was a central part of the student–
teacher interaction process, altogether supporting learning. In general, in simulation-
based learning contexts, the aim is to empower students to take an active role in
reflecting and guiding their own learning processes. Studies have shown that teachers
applying SBL methods and VR technology are adopting student-centred approaches
[50].

14.5 Constructing and Exploring Minecraft and Vivecraft
with VR Glasses

The second case example presentsVive-Minecraft as anXRenvironment for creative,
collaborative, gamified learning processes in K12 education. Currently, there is
an increasing interest in implementing games in an educational context [7, 51].
The affordances of games as a meaningful pedagogical context go beyond their
motivational potential, they can facilitate engagement on cognitive, affective, and
sociocultural levels [52]. Connolly et al. [53] found in their systematic literature
review that playing computer games is linked to a range of perceptual, cognitive,
behavioural, affective, and motivational impacts and outcomes. However, previous
studies have shown that the game environment itself does not guarantee deep learning
and meaningful learning experiences [54, 55]. The challenge is that many educa-
tional games follow simple designs that are only narrowly focused on academic
content and provide drill and practice methods [7]. Careful pedagogical design is
needed to implement an educational game as a holistic problem-solving environ-
ment. For example, game design elements can provide opportunities for learners’
self-expression, discovery, and control. These types of playing activities can create
a learning environment that supports students’ cognitively effortful and meaningful
learning, for example, in terms of programming skills, creativity, and problem solving
[7, 56], and engagement [57].

The use of Minecraft in education taps into two dimensions of game-based
learning [58, 59]: bringing popular existing games into the classroom and providing
the learners with an opportunity to create their own game environments. In many
cases, the pedagogical potential of creating games can be greater than that of merely
playing them, as game-making entails engagement in collaboration and active knowl-
edge construction [6, 60, 61]. Previous studies on the use of Minecraft in educational
settings have found its pedagogical potential both in terms of student engagement
and the acquisition of various skills and knowledge [6, 51, 62, 63].

In this case study, we designed a learning project related to the topic of energy
effectiveness and sustainable development [64]. The project was implemented as
a collaborative effort between teachers and teacher students who jointly created a
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game-based learning environment for the pupils. The design-based learning process
of the 7–10-year-old pupils focused on planning and implementing a sustainable town
or village. The pupils’ tasks, supported by teacher students and their own teachers,
consisted of information seeking, planning, and finally constructing Minecraft envi-
ronments and exploring themwithVivecraft andVRglasses [64]. Thepupils designed
their own villages and began to collaborate (in a self-directed manner), and some
villages were linked by railway or using joint energy sources. The case study showed
that the collaborative and open-ended nature of Minecraft provides opportunities for
student engagement, creative problemsolving and learningdifferent skills andknowl-
edge [6, 51], however, it also challenges teachers to rethink their role in guiding and
supporting the pupils’ learning process. This entails, for example, actively supporting
the learners’ agency and self-regulation, and identifying and building on so-called
teachable moments [64, 85] that emerge from the activities. To conclude, this case
provided an example of a constructivist gaming experience in which players can play,
modify the game, or even create their own games for learning [60].

14.6 Pair Programming as Collaborative Creative Coding

A third case example presents pair programmingwith Scratch [65–67]. Collaboration
and programming have come as close to one another as ever, especially in primary
and secondary education via pedagogical initiatives such as the creative computing
movement [8] and digital fabrication and the maker culture [10]. On this front, we
have come to see the rise of increasingly popular graphical programming tools such as
Scratch, which was originally developed in 2009, to be more meaningful and social
than other existing programming environments. Scratch has evolved to facilitate
the design of various kinds of media projects, such as interactive digital games,
stories, and animations, by encouraging learners’ creative design, self-expression,
and personal interest areas. Beyond this, it is also a social platform where young
programmers can code together, share their projects, and examine, use, and build on
each other’s shared projects [68]. In schools, Scratch is encouraged for use in social
constructivist or constructionist settings via problem-project based approaches to
design media projects that are thematically connected to different curricular areas
[69, 70]. A key collaborative element in Scratch among other environments comes
in the form of pair programming, where two or more students can work together at
the same computer towards a shared goal (one “driving”, that is, using the computer,
and the other one “navigating”, that is, assisting in reviewing the design process).
Pair programming has several known educational advantages, including enhancing
conceptual learning [71], increasing enjoyment [72], and improving the quality of
design, especially in complex tasks with novice programmers [73].

We designed a case study for K–9 education, where 4th grade students (N = 58)
participated in an introductory Scratch programming course. The introductory course
lasted for four months and was organized as one lesson per week. The participants
formed dyads or small groups and programmed up to 14 different kinds of Scratch
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projects (Fig. 14.3). All Scratch projects (N = 339) turned in by students during the
course were collected as data and analysed [66, 67]. Additionally, student dyads were
video recordedwhile they programmed their final open-ended and creatively planned
interactive Scratch games or stories. The research findings from this case study [67]
highlighted known key interactional and socio-emotional issues, which are impor-
tant for consideration in programming pedagogy. For example, a student, seemingly
typically the “navigator,” becoming detached from the shared programming process
may be a result of a creative disagreement, a temperament mismatch among the
collaborating students, established social roles, or an incidental effect caused by
a dysfunctional organization of the “driver” and “navigator” roles. A distortion in
the amount and quality of active participation in and decision-making regarding the
shared problem-solving process (and thus, the thinking work required and potential
learning)may be born. This can bemanifested as, for example, inequity in the amount
and quality of talk (e.g., more or less negotiating or one-sided decision-making when
making creative decisions) [74]. Also, our findings suggested that the physical envi-
ronment, namely, the formation of desks and chairs, can either support or hinder the
quality of collaboration in pair programming with Scratch at the primary school level
(see also [75]).

Altogether, the weight of different kinds of factors influencing the quality of
pair programming can be shaped by several elements in versatile learning contexts
and the miscellaneous interactions of different people (e.g., peers and instructors)
taking part in the learning process [76]. However, as elaborated above, the functional
interrelationship of a collaborating dyad or a student group seems to effectively deter-
mine whether the programmatic problem-solving work and knowledge construction

Fig. 14.3 Students programming an open-ended Scratch project in pairs [65, 67]
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is truly collaborative or cooperative, or perhaps adverse to collaboration or cooper-
ation, and whether it skews key elements, such as motivation, engagement, owner-
ship, and agency, in socially emphasized learning contexts. An important question
arises: How can teachers support primary school students’ engagement and learning
through meaningful participation in multifaceted and dynamic, creativity-focused
and design-led pair programming processes? Another critical aspect in which social
and socio-emotional issues display their importance is assessment. Can we entirely
rely on the relatively commonpractice of assessing artefacts collectively programmed
by several students as valid indications of each student’s learning?Automated assess-
ment by cognitive tutors that provide smart, timely feedback is gaining popularity in
programming education [77], and they hold the potential to support students’ concep-
tual understanding in programming. However, a fundamental question is: How could
the complex social and socio-emotional reality and students’ engagement within a
group be included in developing reliable assessment? The findings from this case
example [65–67] provide further insight regarding such questions in this relatively
young but ever-growing research topic.

14.7 Discussion

This book chapter provides examples of the pedagogical and technological
implementation of different emerging learning environments, namely, simulations
applying VR/XR, constructing and exploring Vive/Minecraft environments and pair
programming with Scratch. These environments have a great potential to function
as support for collaborative learning and interaction [11, 77]. How well people learn
together when using these environments cannot be explained only by how they
process information, but requires taking into account social and emotional processes.
The important questions are how learners interact, relate, and engage with each other
when learning together as a group with the affordances of the learning environment
[16, 20, 29]. Emotional experiences and expressions are particularly recognized as
central resources in successful collaborative learning [79, 80]. The use of poten-
tial technological enhancements in collaboration necessitates an interdisciplinary
understanding of the social factors and emotional dynamics influencing the learning
and interaction processes [18]. We argue that when affective interactions are more
thoroughly accounted for and enhanced through technology, they can have positive
implications for cognitively effortful andmeaningful collaborative engagement, thus
contributing to better competence building and participation in group work.

All these learning environments presented by our case examples provide oppor-
tunities for making learning and interaction more tangible and, in addition, afford
teachers the possibilities to view ongoing learning processes and guide, support,
and provide feedback accordingly [81]. This, however, may be challenging when
the teacher lacks the prior experience to implement such environments for learning.
When the instructional goal is to provide possibilities for collaborative learning,
teachers may need to learn how to organize and support collaborative processes
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and to flexibly adjust the degree of student responsibility [58, 82]. Sometimes this
may mean adding more structures, however, it may also mean picking up the right
moments, so-called teachable moments, and steering the process from there. For
example, when spontaneous and self-directed activities emerge (such as when the
groups began to build connections between their villages in the Minecraft project), it
opens up an opportunity to address and discuss the learning content in a context that
is meaningful and approachable for the learners. Furthermore, even though modern
tools, such as simulators, are currently created for providing automated guidance and
feedback for the learners, too often simulator feedback is not easily understandable
and may require elaborating in a form of teacher feedback to make sure that the
feedback is supportive for the training needs of the learner. The same can be seen
with programming environments, where feedback often manifests as programmatic
errors (i.e., “bugs”) without further explanation as to where the learners, drawing
from their mental models, have made a mistake. Often, particularly in safety–critical
contexts, technology cannot fully replace the need for real human interaction, given
that these technologies need to be further developed to avoid misunderstandings and
risks of not using failures correctly for learning purposes.

As we observed the clear benefits of VR simulations, there are also potential
risks in applying VR technology in education. A recent survey by Kamińska et al.
[83] pointed out that one of the risks in VR education might still be the lack of
flexibility. During traditional education, the student has more freedom in interacting
with the natural environment, asking questions, discussing, and interacting with
teachers. Further, VR headsets have their physical restrictions, even though these are
developing towards lighter and more user-friendly versions. The role and importance
of a social environment, teacher, or peer-learners should not be overlooked by over-
relying on technology [17]. There is too much focus being placed on hard skills over
soft skills in, for example, workplace-related learning, which occurs with excessive
focus on education technology and forgets human interaction,mentoring and teacher-
student relationships [83]. Vesisenaho et al. [43] described how differently each
student physiologically reacted in the VR experiences. However, we deduce that one
of the key issues of VR simulations is preserving both their social and technological
benefits, which can be achieved by integrating the principles of simulation pedagogy
intoVRsimulation-based learning.Thus, the supportive role of guidance andbuilding
a common understanding in the learning situation is acquired, rather than leaving the
teaching task to technology alone.

The use of simulators, game-based VR/XR environments and programming as
arenas for pedagogical activities has motivational potential from the perspective of
learning and teaching, providing interesting arenas for future studies. In creative
design-focused, open-ended collaborative settings, such as in programming exper-
iments, learners’ personal creativity-focused goals may need to be reconciled with
shared goals. This requires generic collaboration skills, emotional intelligence, and
argumentation skills. In general, new methods and approaches are needed to study
social knowledge construction, as well as opportunities for adapting known methods
(e.g., interaction and discourse analysis) to emerging technological contexts (e.g.,
creative coding and digital fabrication). A detailed analysis of the interaction between
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learners or the student and the teacher will offer information on the learners’ engage-
ment in a group task. Further analysis could also detect simulations’ and teachers’
roles in supporting students’ engagement in a learning process. Likewise, an intro-
duction to a simulation case, feedback given by the teacher, and joint discussions
during the tasks, as well as a debriefing discussion, will provide possibilities to study
the instructor’s guidance and support of the student during a VR-enhanced SBL
situation. One specific context for further research is teacher education. Teacher
education students are in a key position to develop digital learning opportunities
in their prospective teaching work [40]. Student teachers’ motivational orientations
in gamified learning contexts have been found to emphasize social interaction and
altruistic purposes [84, 85]. Collaborative, immersive activities are likely to motivate
these types of users [85], and as these aspects are an inherent part of XR environ-
ments, we can expect them to be a meaningful learning context for student teachers
as well.

As the corpus of available digital learning tools and environments grows, it is
becoming all the more necessary to communicate the big picture of learning and
interaction to educational practitioners, technology developers, and learners them-
selves. To improve learning, teaching and innovation, technology-based tools, such
as virtual reality simulations, gaming and programming, should be designed and
experimented to filter and open up opportunities, as well as to consolidate them
into transferable ideas and processes that may be picked up and used as innovations
between different user groups [86]. Further, the outcomes of the cases presented here
can be implemented in developing new advanced technological solutions, such as,
artificial intelligence that can recognize and adapt to learners’ and teachers’ reactions
and interactions, providing support during learning.
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Chapter 15
Gamification and the Internet of Things
in Education

Georgios Pappas, Joshua Siegel, Ioannis N. Vogiatzakis,
and Konstantinos Politopoulos

Abstract Gamification and the Internet of Things will impact education in amanner
previously impossible. Gamified tools built upon game engines will offer opportu-
nities in the development of innovative virtual labs and other interactive experiences
for students. The Internet of Things can provide real-world data visualization in near
real-time. Combining these fields, it becomes possible to develop realistic and safe
simulation environments with real life data or triggering systems taking the student
learning experience in whole new levels.

Keywords Gamification · Serious games · Education · Learning ·Multiplayer ·
Pseudo-multiplayer · Internet of things · IoT · Iotrigger · Distributed systems ·
Emerging technologies ·Machine-to-machine · Connected systems

15.1 Introduction

Gamification is considered to be one of the most engaging ways to educate or train
students in class or remotely in distance learning. At the same time, the Internet of
Things is one of the deep technologies [1] that will disrupt many parts of our lives.
Integrating Internet of Things implementations with gamified applications or tools
and gamification will offer some unique and user-student approaches in education.
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In the present chapter, we introduce the concept of gamification and then provide an
overview of the Internet of Things. Next, we showcase an example of how our team
designed and developed a training gamified tool applied in the field of environmental
studies and how this is integrated with the Internet of Things to enable triggers in a
virtual 3D space. Following this, we will provide information on how this innovation
was used in a real distance-learning class for Master’s degree students.

15.2 Gamification

15.2.1 Serious and Simulation Games in Education
and Training

Gamification and serious games have proved to be valuable in training and education
[2–4]. These games or gamified tools aim [5] to simulate realistic virtual environ-
ments in safe and accessible conditions and scenarios in which users and particularly
students are able to interact in an engagingmanner [6]. At the same time, the students
not only acquire knowledge in their fields [7], but also learn in a “serious” fun way
[8]. Some serious games can be used as virtual labs where experimentation can
take place and based on this digital experience [9] and students can be assessed by
their instructors [10]. This way, institutions can lower their operating expenses by
limiting the purchases in expensive, specialized equipment since students will be
using reusable enabling technology to generate flexible digital and simulated equip-
ment. Using this kind of equipment the risk of damage from improper use is also
eliminated. Another advantage that this simulated virtual environments offer is that
they could be used in students’ personal computers, transforming them in remote
labs accessible anywhere, any day and anytime.

Studies have shown that advanced and high quality simulators have managed not
only to train humans but also Artificial Intelligence (AI) models, in a human-to-
machine and machine-to-machine approach [11–15].

15.2.2 Game Engines

Game development has changed in recent years. Importantly, developers—especially
the “indies” or small studios, can buy commodity game development tools rather than
creating everything from scratch. In the industry, there are several game engines that
make developmentwork easier. This is becausemost of themoffer advanced physics
systems including particle systems, scripting in popular or custom programming
languages, collider and detection systems, input management, rendering and
in-game Artificial Intelligence for non-player characters (NPCs) [16].
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Some of the most popular and widely used are:

• Unity3D: This is one of the most powerful engines. It requires programming in
C# or JavaScript. Unity has a large developer community which is a powerful
source of help and information. There are abundant free or commercial assets in
the Unity Asset Store that can potentially speed up the development process. It
has both a free and a professional version [17].

• Unreal: Together with Unity, Unreal is considered one of the top choices for game
developers. It uses C++ as a programming language and also offers blueprints for
non-programmers to work and design logic. Many popular AAA titles are made
using Unreal [18].

• GameMaker: GameMaker has been a popular choice for non-programmer game
developers since it does not require programming skills to create a game with it
[19].

• Godot: Godot is a free and open-source engine that uses its own programming
language GDScript which is similar to Python [20].

• CryEngine: CryEngine is another high-end engine and it uses C++, C#, Lua
Script Bindings and Flowgraphs as programming languages [21].

15.3 The Internet of Things (IoT)

15.3.1 What is the IoT?

The Internet of Things (IoT) is a network of people, devices, and services [22] that can
sense, connect to one another, make inferences, and act(uate) at scale [23, 24] with
in excess of 30 billion IoT devices deployed globally today [25]. Sensing allows
devices and services to measure themselves and their environments; connectivity
allows information to be moved to where it may be aggregated, where it is most
useful, and/or where it is easiest to process. Inference turns information into insight,
and action and actuation allow insight to affect a system so as to form a closed
control-loop based on near realtime and abundant data. This network of connected
smart devices leverages pervasive sensing, connectivity, and computation to improve
quality of life and deliver social, economic, and other value [26]. The IoT is a Deep
Technology that was impossible a few short years ago and is now easily feasible,
pervasive, and invisible [1], made feasible by advances in sensing, storage, remote
computing, and more [26].

Today, tools exist to ease computer interaction with and among connected devices
[27] and to simplify the development of analytical tools and feedback systems. These
tools drive the development of novel applications at the intersection of traditional
products, services, and knowledge silos, leading to increased adoption of the IoT in
an ever-accelerating virtuous cycle. In the broadest-possible terms, IoT is a design
language and a vocabulary focused on technology and industry convergence and
enablement [28] with key tenants being data generation and use at scale.
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15.3.2 The Impact of IoT

More people and things join the Internet of Things every day [29]. From these people
and things, it is possible to generate more data from more places, allowing for the
creation of a growing number of (data informed) products, services, and analytics at
the intersection of those existing [30]. Measurement and data capture from diverse
systems can lead to enhanced understanding of those systems, their environments
and contexts, and the world at large [31].

One example of datameasurement, capture, and analysis takes the formof “Digital
Twins”, which mirror physical systems mathematically within remote computing
environments [26]. These Twins can be used for predictive analytics, or more simply,
to enable compelling interactive visualizations taking the form of 2D dashboards,
3D rendered desktop applications, or even Virtual Reality [32]. These environments
combine with other technological affordances to create opportunities for individuals
to engage in experiences otherwise infeasible. IoT has the potential to create new
industries, new modes of interaction, and a newly, immersive and responsive world.
These worlds need not be purely physical. For example, IoT can combine with
technologies such as eXtended Reality (XR) to allow individuals to transcend the
limitations of the physical, to engage in experiences taking place in dynamic and
responsive virtual environments [10], allowing for participants to engage in new and
unique experiences in comfort and safety of their own home.

Beyond smarter visualizations and analytics, the Internet of Things also creates
opportunities through broad-scale data collection enabled by pervasive sensing,
connectivity, and ubiquitous computing.Data collection, sharing, analysis, and action
at scale [29] may include systems ranging from consumer devices to critical infras-
tructure [33–35] such as smart factories and automation systems [36–38]. IoT has
also been used to monitor equipment [39] and to embed intelligence into “dumb”
systems [40, 41]. The net result is that IoT combines with other technological affor-
dances such as Big Data and AI to create smarter, more responsive environments
ranging from homes to factories, often building upon the “power of 1%” at scale
(e.g. small savings in one factory are insignificant, but when multiplied across an
industry, the impact is radical).

15.3.3 IoT Devices and Sensors

Sensors are less expensive, lower power, more accessible, and more pervasive than
ever. Sensors can measure parameters about the sensing system itself, or the sensing
system’s environment. Parameters measured may include environmental data, such
as temperature and humidity, contextual data, such as location, acceleration, and
rotation, or rich data sources such as audio, images, or video capture. These sensors
upload data to constrained computing systems with battery, bandwidth, and storage
limitations, though algorithms for data cleaning and analysis are ever-improving to
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allow for operation on low-power, low-resource systems. The net result is that the
IoT is capturing and acting upon more data than would’ve been feasible a few short
years ago, leading to smarter and more engaging systems.

15.3.4 Connectivity and Security

Connectivity allows data and intents (commands) to move across system boundaries,
both for small-scale networks (few devices somewhat locally operated) and large-
scale networks (a large number of potentially-diverse devices operating at massive
geographic scale). Connectivity is important for data collection and aggregation,
as well as in moving information from constrained-compute systems to environ-
ments where enhanced computation is feasible, such as the Cloud, Fog, or Edge. The
ability to move data offers huge potential benefits to analytics and system optimiza-
tion, though scale also brings about risk. Maximizing the benefit of data aggregation
requires thoughtful platform design, standards, and resource-aware IoT implemen-
tations. Siegel [30] while ensuring security necessitates thoughtful design inclusive
of security from the start [33–35]. Selecting an appropriate architecture can make
deploying IoT safely and secure in more places feasible [22, 29, 30].

15.3.5 Industry Examples of IoT-Enabled Training
and Education

The presence of technology in classrooms has become the norm; today, it tran-
scends taking notes on laptops and additionally includes more cutting-edge capabil-
ities such as gamification. Gamification provides a means to motivate learning and
to provide high-engagement, interactive instruction motivating collaboration, team-
work, communication, and goal-seeking using element of challenge and motivation
to encourage positive learning behaviors [42]. Increasingly, digital gamification plays
an intentional—rather than incidental—role in higher education. Gamified learning,
in combination with game-based learning, can support higher education with great
benefits across disciplines for teachers and students alike [43].

Promising results in higher education have led to the exploration of digital gamifi-
cation in industry, too, with application to professional education in disciplines such
as engineering [44]. Studies have shown a positive effect by making subjects more
manageable, and increasing student motivation to learn.

More recently, the idea of pairing existing gamification approaches with other
emergent technologies such as the Internet of Things, XR, and easy-to-use game
engines has started appearing in the industry with application to education. One
example of such development is what PTC is doing for training, in using this method-
ology for worker training or remote worker supervision. Also, some efforts towards
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this direction have been made by Realism.io, which is an educational organization
that creates virtual laboratories to expand student access to educational resources at
low per-user cost and with minimal health and safety risks.

15.4 Environmental Studies Gamified Tool

15.4.1 Design and Development Methodology
of the Environmental Studies Gamified Tool

Starting from a simple sketch and some notes (Fig. 15.1) on the needed educational
elements and 3D objects, we started to design our serious gamified tool with an
expectation to simulate a somehow realistic environment [4]. In order to design our
tool to be suitable for environmental studies educational purposes and thus, generate
a meaningful [45] interactive learning experience to our students, we worked using
the research-creation method [46].

For the development part of our gamified tool, we worked using the Scrummodel
[47] of the Agile methodology of software engineering. Our team arranged meetings
after specific elements were developed and stable builds were exported. We worked
in sprints and continuously iterated [48] on development aspects until we reached a
working beta build.

Fig. 15.1 Initial sketch ideation and notes on the gamified tool
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15.4.2 Developing the Environmental Studies Gamified Tool

The gamified tool is built upon a powerful Game Engine, Unity [17]. As discussed in
Sect. 15.2.2, Unity is one of most popular engines in the field of game development
and features a physics system suitable for our case and most importantly, a great
commercial add-on asset to generate the needed types of terrains. Below, we explain
the development of the tool.

Levels—Scenes: The gamified tool contains a main menu (Fig. 15.2), a loading
screen (Fig. 15.3) and a main area environment (Figs. 15.4 and 15.5). The main
menu handles the scene transitions and the loading screen works as the waiting
screen between the main menu and the main area environment.

Fig. 15.2 Main menu

Fig. 15.3 Loading screen
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Fig. 15.4 Main area screenshot 1

Fig. 15.5 Main area screenshot 2

Features andMechanics: Once the gamified tool is loaded in the main environment,
the user can explore in a first-person perspective (first person controller) a virtual
environment of 4 km2 (2 km × 2 km terrain). This terrain was developed using
a purchased add-on. This way, we created a land mass (including hills), a lake,
different kinds of plants and a forest. We have also developed a simulatedweather
system.

The square area of the environment is also boundedwith invisible colliders, placed
near its limits (about ten meters inside each side). This way users always remain
between the necessary area and there is no chance to “fall off” the level.

The tool also contains three user interface (UI) elements at the right side of the
screen (Figs. 15.4 and 15.5). These include a compass, a coordinate system viewer
and a mini-map. The compass helps the users identify the correct direction for their
movements while the coordinate system viewer is providing the in-game coordinates
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and current location of the player’s avatar (first-person camera). The mini-map just
gives a small top-down preview of the neighboring area.

In addition to the mini-map that just gives an essence of a certain area, a more
powerful virtual drone system was implemented too. This system was developed
usingRenderTextures andUI Panels and gives the opportunity to users for a top-down
view of certain areas. Selecting different buttons from the keyboard, it can provide a
larger or smaller predefined area (Table 15.1 and Figs. 15.6, 15.7, 15.8, 15.9, 15.10,
15.11 and 15.12). An important characteristic of this feature is that these drones can
move or rotate along with the users’ movement.

Lastly, we also created a teleport systemwhere users can change locations imme-
diately and go to predefined coordinates where instructor-triggered events are taking
place (see Sect. 15.4.3).

Table 15.1 Drone system
and button configuration

Drone Area covered Keyboard button

Drone view 1 100 m2 (10 m × 10 m) U

Drone view 2 400 m2 (10 m × 10 m) I

Drone view 3 1,600 m2 (10 m × 10 m) O

Drone view 4 6,400 m2 (10 m × 10 m) P

Drone view 5 14,400 m2 (10 m × 10 m) J

Drone view 6 25,600 m2 (10 m × 10 m) K

Drone view 7 40,000 m2 (10 m × 10 m) L

Fig. 15.6 Drone view 1 (10 m × 10 m area)
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Fig. 15.7 Drone view 2 (20 m × 20 m area)

Fig. 15.8 Drone view 3 (40 m × 40 m area)

Fig. 15.9 Drone view 4 (80 m × 80 m area)
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Fig. 15.10 Drone view 5 (120 m × 120 m area)

Fig. 15.11 Drone view 6 (160 m × 160 m area)

Fig. 15.12 Drone view 7 (200 m × 200 m area)
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15.4.3 The IoT Implementation

After the main tool was developed as described in Sect. 15.4.2, we developed an IoT
implementation. To do so, for the hardware part, we used a breadboard, a micro-
controller and a button. The microcontroller was powered via a micro-USB cable
connected to a computer. The circuit schematic is presented in Fig. 15.13 and was
created with the tool “Fritzing” and a photo of the actual implementation is shown
in Fig. 15.14.

The microcontroller that we were using is named “Photon” and it is designed by
the IoT company “Particle”. It has a pre-installed WIFI shield and thus, after setting
it up we managed to connect it with the web-based IDE and the cloud platform of
Particle.

Fig. 15.13 Schematic of the IoT implementation

Fig. 15.14 The IoT Implementation in reality
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After our device was connected online via WIFI, we programmed our microcon-
troller in C++, similarly to an Arduino and “flashed” it via the IDE. Our code can be
found in Fig. 15.15. In short, the code gets the value of the button and translates it into
“ON” and “OFF” states. The “ON” state represents when the button is pressed and
the “OFF” when it is not. When the circuit is powered on, these values are uploaded
constantly to the cloud via WIFI with an interval of td = 2000 ms (2 s) between each
measurement (Fig. 15.16).

Fig. 15.15 Microcontroller code

Fig. 15.16 ON–OFF Values as uploaded to the cloud platform
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In order to get these values and import them into our gamified tool with C#, we
are using the stream link provided. This link also contains an access token (shown
but greyed out in Fig. 15.16) and uses a security method [49] since our data are not
public but private [50]. Practically, we are using the authorization method OAuth
[51] which is pre-installed on server side. Using the REST API we are getting the
values in the form of JSON (JavaScript Object Notation) files [52].

15.4.4 Overview of IoT-Enabled Gamification

In the Fig. 15.17, we can see how this integration works. While the IoT implemen-
tation is powered on and connected to the internet, the instructor presses or releases
the button switch. Then, via the WIFI, this information (“ON” - “OFF”) is uploaded
to the cloud platform.We have programmed our gamified tool in C# to get the secure
stream of data. In addition to the 3D environment, the UI elements, the audio and
the other C# scripts needed for the tool’s development, we are getting the “ON”-
“OFF” states. These states are not used as text anywhere, but they are used as trig-
gers, the “IoTriggers”, as we named them. While developing the gamified tool, we
have also created a fire particle system along with a course-related 3D world space
image (Fig. 15.18). Both the particle system and the image are Unity gameObjects
that we had set to be inactive unless the tool gets the “ON” state indication. When
the instructor presses the button, they enable these gameObjects and thus, both the
fire and the course material show up. When they release the button and thus, the
IoT implementation is transmitting an “OFF” indication, these gameObjects are
programmed to be set inactive once more and the virtual environment will return to
its original state. In order to get these values and import them into our gamified tool
with C#, we are using the stream link provided. This link also contains an access
token (shown but greyed out in Fig. 15.16) and uses a security method [49] since
our data are not public but private [50]. Practically, we are using the authorization
method OAuth [51] which is pre-installed on server side. Using the REST API we
are getting the values in the form of JSON (JavaScript Object Notation) files [52].

This way, we have on the one hand the asynchronous character of the tool, where
students can explore the virtual environment or they can work and get measurements
with the drone system for their assignments locally and at their own time and the
safety of their houses. On the other had, we have transformed it into a very powerful
synchronous tool for lectures using the IoT. Using this method, every student that
uses the application and is located near the virtual coordinates that the fire inci-
dent is taking place can actually view the fire and the additional course material
simultaneously with their classmates. That is why we had implemented the tele-
port system (see Sect. 15.4.2, to help students move immediately to the appropriate
location for the IoTriggers. This way, a tutor can use the tool while lecturing and
provide students with a very engaging interactive experience. We named this mode
“pseudo-multiplayer”, because even though it is a type of a multiplayer, it differs
from a regular game’s multiplayer mode (see Sect. 15.4.5).
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Fig. 15.17 Holistic diagram of gamification and IoT integration
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Fig. 15.18 When the button is pressed, the fire starts burning the trees and the virtual book is
appearing—IoTriggers

15.4.5 Multiplayer versus IoT-Enabled Pseudo-Multiplayer

Multiplayer is a common mode in modern games. When users are playing multi-
player, they are interacting with other users along with the game itself. Depending
on the game, the users are viewing the other users’ avatars and they can see them
moving or performing various actions. Using modern game development techniques
(excluding the game streaming services like Google Stadia [53] and others), users
have locally installed games and after they are connected to a server and then a
lobby, they are just streaming the position, rotation and scale attributes of other users
in their lobby in order to be able to see them moving. At the same time, for other
events viewable in multiplayer the Remote Procedure Calls (RPCs) are taking place.
This way the packets transmitted between users are limited to the essential ones and
thus, are easier to be handled over the network and the performance is better since
the ping remains quite low.

The pseudo-multiplayer mode we implemented, does not require our users to be
connected to a game server or a specific lobby. Every copy of the gamified tool works
as an independent receiver of the IoT information. All students can simultaneously
view the eventswhen they are taking place, but even though they could be near or even
at the same virtual coordinates with their classmates, they do not see each other. This
way, they can attend a lecture and use the tool without even having distractions with
each other and by getting a simultaneous by custom instructor-to-student experience.



15 Gamification and the Internet of Things in Education 333

15.4.6 The Use of Environmental Studies Tool in Class

Once the development phase and the major beta testing of the gamified tool were
complete, it was uploaded to the moodle-based online platform of the Open Univer-
sity of Cyprus, named “eClass” (Fig. 15.19). Along with it a short manual explaining
the game controls and the general usage was created and uploaded too. Shortly, after
being available online to students, the tool was demonstrated to students during a
synchronous meeting of the class in a Blackboard Collaborate session (Fig. 15.20).

This tool is primarily designed for distance learning purposes. More specifically,
it is incorporated in Terrestrial EcosystemManagement module of the MSc program
of Environmental Conservation and Management to facilitate online teaching of
standard field-based methods for ecology and physical geography.

The use of the tool, provided solutions to a number of practical teaching issues
and fostered a new learning experience for the students. As is the case in distance
learning, students are located in many and different geographical areas. Some are
living in major cities and smaller towns, with minimal or no immediate access to
semi-natural landscapes. In addition, and since student fieldwork should be done in
pairs for health and safety reasons, any related assignment to real world conditions
remains problematic (e.g. vegetation sampling/survey).

At the same time, for an instructor it may be hard to create assignments and assess
students with no \common ground” for measurements between their class. All the
above issues were solved or improved using the environment studies tool.

Some types of activities which are now undertaken using the tool, directly or
indirectly, in the aforementioned MSc module include:

Fig. 15.19 The gamified tool on eClass
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Fig. 15.20 Live demonstration of the tool in Blackboard Collaborate

• Measurement of species abundance: presence/absence vs qualitative data: using
any species of the ones present in the virtual terrain.

• Biodiversity indices calculation: using all different species identified in the
virtual terrain.

• Choice of samplingplots size and theminimal area curve: This activity includes
the seven set drone views and two different life forms of the virtual terrain (trees
vs grasses).

• Estimation of species population: based on the use of pine trees.
• Landscape Character Assessment: using land cover and landform and assumed

differences in geology of the virtual terrain.

15.4.7 Student Survey and Results

Beforemaking the tool a part of the course corematerial, we needed to get some feed-
back from the students. So, after uploading the tool to the eClass platform students,
we asked students to download it locally and test it on their computers. Then, we
created a user experience (UX) and anonymous research survey. The UX research
methodology we used, was survey-based. This is because we wanted to give the
participants the flexibility of testing and providing their feedback at their own time,
since they are students of an Open University where asynchronous methodology is
the norm. Instead of having interviews on specific difficulties, bugs or errors they
came across or suggestions the students had, we gave them the opportunity to include
these at the end of our short questionnaire in a comment textbox.
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Table 15.2 Survey ratings on various aspects of the tool

Regarding our sample, the average age of the MSc students is 35 years, with a
wide range of backgrounds, mostly on science related disciplines. All of them are
working in government or private entities dealing with environmental management,
located either in Cyprus or Greece in different geographical setting i.e. both in large
urban centers and rural areas. The students which took part in this assessment did so
on a voluntary basis.

By the time this research was conducted, the tool had not been associated with
learning objectives yet but students were informed about its goals and the IoT part
was explained, so the focus is mainly on the use of the tool. In some statements of
the survey, students just give their insights on the upcoming learning goals and tool
association. Specifically, students had to give their ratings from 1 to 5 (1 represents
the lowest value) for the following statements. At the end, they were also given
the option to write a few suggestions for updates and future releases or report any
bugs they may have had and difficulties they may have faced. The results on survey
statements are presented in Table 15.2 and we got feedback from four students.

• Statement 1: My interaction of the tool was pleasant.
• Statement 2: My exploration in the virtual environment was easy.
• Statement 3: The tool is quite related with the objectives of the course.
• Statement 4: The tool will help me better understand the course material.
• Statement 5: Having the tool at my own computer and without the need of getting

outside for sampling purposes or for taking picturesmaking helpsme inmyoverall
learning process.

• Statement 6: The tool offers a new and innovative learning experience.
• Statement 7: The use of such tools in more courses would make my university

experience more interesting.

For the IoT part, students had to answer the following statement and the results
are presented in Table 15.3.

• Statement: The tool is programmed to connect with IoT implementations
(including sensors) and the data visualization can take placewithin its virtual envi-
ronment and this can be triggered by your instructor. Thus, during the synchronous
lectures you will be able to view the changes in real time on your computers.
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Table 15.3 Survey results on the IoT-related statement

Participant This will improve my
overall learning
experience

My learning experience
will remain the same

I am not interested in this
capability of the tool

Participant 1 ✓

Participant 2 ✓

Participant 3 ✓

Participant 4 ✓

In some comments the participants left, they suggested adding more 3D features
like roads, rivers or more types of bushes and trees. Also, some other custom feature
suggestions include more information on the types of plants or rocks. On the other
hand, some problems they faced, had to do with some application crashes and slow
player movement. This is explained by the fact that the tool is quite demanding in
resources for graphics and some low-end computers may face difficulties in perfor-
mance and thus, users may have a worse experience interacting with the tool than
others. Further, despite having implemented a teleport system that moved the users
to predefined locations, they requested an implementation that would freely move
them in specific virtual coordinates by just placing the set of the needed coordinates.
Lastly, since the drone system is a core element of the tool, some users suggested
adding more views but smaller this time (2 m × 2 m and 4 m × 4 m).

Overall, as shown at the previous Tables 15.2 and 15.3 and the feedback we
got from the students was really good revealing that gamification and IoT-enabled
Triggers will definitely improve the overall student learning experience.

15.5 Conclusions and Future Work Conclusions

As we showcased, gamification can help both students and the academics in various
ways. It can provide a really interactive and engaging environment for learning and
at the same time, it provides the medium to teach or get measurements that would
otherwise be a hard, dangerous or quite expensive task. In addition to this, the IoT
offers the opportunity to get sensor measurements (or button indications in our case)
that can be visually viewed (sensor data visualization) or can work as triggers, like
our “IoTriggers”. Using this IoT-enabled gamification approach, we showcased how
it can be used effectively with a very positive impact in students’ learning experience
both in synchronous and in asynchronous learning context.

In the future, for the gamification part, we plan to further develop the 3D environ-
ment and add more elements like more kinds of plants and even animated animals
createdwith the photogrammetrymethodology.We also plan to include some student
suggestions and include more information within this 3D space and add a new tele-
port system that will enable them tomove freely just by entering values of the needed
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coordinates. Also, we will make some improvements towards performance and load
the 3D elements more efficiently for low-end computers. Furthermore, we intend to
create a Virtual Reality version of the tool for a full immersion. In terms of the IoT
part, we are planning to start using the learningmaterial aspect in a large scale adding
a lot more gameObjects (like images) associated with the course curriculum. After
doing this, we may use multiple IoT implementations that will be visualizing actual
sensor data –and not just button triggers- installed on a real environment showing
information like temperature and humidity.
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Chapter 16
Communication-Driven Digital Learning
Environments: 10 years of Research
and Development of the Campus
Platform

Luís Pedro and Carlos Santos

Abstract In this chapter we will underline the importance of communication
concepts and affordances in the research and development of a digital learning envi-
ronment, the Campus platform. We will argue that its overall design and features
reflect a position that finds support in socioconstructivist and connective approaches
to learning, approaches that value the social construction of knowledge, the impor-
tance of networks, collaboration and sharing. As its uses are very different from
content-driven platforms such as the traditional Learning Management Systems, we
will also defend that the active promotion of these features contributes to a redefini-
tion of the knowledge construction process, namely in what self-regulated learning
is concerned. Along the chapter we will present results of evaluation studies of the
platform that allowed us to characterize it as an open communication ecosystem for
effective dialogue, participation and engagement.

Keywords Campus · Technology · Digital media · Social media · Communities ·
Participation · Interaction · Engagement

16.1 Introduction

In educational and training contexts there is a clear opposition between the use of
technologies that express a closed and atomized view of education and knowledge
and technologies that put forward an open, social and holistic one. This on-going
discussion epitomizesmuch of the discussion in theEducational Technology commu-
nity in the past dozen years and indicates a tension [1] that is as related to technology
as it is related to one’s epistemological perspective of knowledge.

L. Pedro (B) · C. Santos
Digimedia, University of Aveiro, Campus Universitário de Santiago, 3810-193 Aveiro, Portugal
e-mail: lpedro@ua.pt

C. Santos
e-mail: carlossantos@ua.pt

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
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On the one hand, the use of Learning Management Systems (LMS) or other
Virtual Learning Environments (VLE) outlines a particular educational and episte-
mological view. The use of these systems materializes some educational and knowl-
edge construction practices that rely heavily on tight management and access control
to content, on a compartmentalized organization of knowledge, and on the lack of
widespread social and transdisciplinary discussion and interaction.

On the other hand, social media approaches are seen as technological proposals
that may be used to promote concepts like openness, participation, collective
intelligence and social interaction [2].

These opposing views result on different perspectives and practices regarding the
way we learn, teach and, foremost, in the way we design technologies to be used in
educational and training contexts.

We argue that Communication Sciences concepts have been absent from these
discussions and that they bring to the conversation important contributions, namely
in terms of the affordances of technology, i.e., how the design of technology can
potentially determine the “action possibilities” [3] of educational agents.

Wewill explore and discuss these issues in the next sections, andwhile doing it we
will contextualize the importance of some underlying concepts for the development
of a social media platform designed for use in educational and training contexts: the
Campus platform.

16.2 Learning as a Social Activity

The learning concept is not an easy one to grasp in all its complexity. Due to that
multidimensionality, it has been the subject of a thorough discussion that crosses
multiple scientific disciplines. It is easier, though, to discuss its current consen-
sual definition. According to Illeris [4] all learning “comprises two simultaneous
processes so that the learner does not experience them separately: an interaction
process between learners and the social and/or material environment which provides
them with some impressions and an acquisition process whereby these impressions
are assessed, elaborated and taken in”. Illeris [4] further elaborates this claim arguing
that “all learning always comprises three dimensions: the content dimension, which
is usually, but not always, cognitive; the incentive dimension, which includes engage-
ment, interest andmotivation and ismainly emotional; and the interaction dimension,
which is social (also when it is a text, a picture, a film or the like) and may have many
layers, ranging from the immediate situation, the local, institutional, environmental,
national and other conditions to the global context in general”.

This more consensual definition is very different from the initial learning theory
proposals put forward during the first sixty years of the twentieth century. Those
proposals conceptualized learning as essentially an individual activity in which
meaning making (assimilation and accommodation), emotion and interactions were
excluded.
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The works of Ausubel, Bandura and other scholars definitely humanized learning,
moving it away from the mechanical views of behaviourism and conceptualizing it
as an experiential, social and contextual activity. Wenger [5] and Lave and Wenger
[6] put it best when they defined learning as an interaction between meaning-making
(experience), practice (doing), community (belonging) and identity (becoming).

The humanization of the learning concept contributed to some major advances
in education, such as the acceptance of learning preferences, the assumption of the
learner as an active constructor of knowledge and of importance of motivation and
engagement (cf. [7] for more information on the latter).

From an epistemological standpoint, the view of the learner as an active
constructor of knowledge is an important landmark. This view, summarized in the
constructivist proposals of the 1960s that extended the cognitivist theories of learning,
emphasizes the importance of “internal mental constructions and the influence of
others on an individual’s learning” [8]. This position is very relevant as it opens the
door to a discussion of the importance of knowledge representations and meaning
making that result from the interaction of the learner with the environment.

Social constructivism adds additional layers to these assumptions, bringing along
a multifaceted view on what the environment really is. By doing so, learning is
conceptualized as the process of internal knowledge representation and meaning
making that results from the interaction of the learner with the social, cultural and
media environment. Knowledge is then postulated as a mediated co-constructed
representation in which the learner is an active participant when he engages in social
and cultural interactions.

According to a systematic review of literature by Hill et al. [9], social learning
constructs include context, culture and community and learner characteristics and
every single one of these constructs can be applied in technological-mediated
educational scenarios.

These mediated scenarios are to be found in the current digital age, as individuals
use technology on a daily basis for communicate, access to information and learning.

New learning theories such as connectivismacknowledge this andput forward new
perspectives onwhat learning really is. In the next section,we explore the connectivist
approach, especially in what its connection with technology is concerned.

16.3 Learning as a Connective Activity

In his seminal work on connectivism, Siemens [10] states that “[t]he Achilles heel
of existing [learning] theories rests in the pace of knowledge growth”, as some of
technologies’ affordances are precisely the acceleration of knowledge dissemination,
discussion and co-creation. By claiming the inadequacy of past learning theories to
deal with the current pace and flow of knowledge creation, Siemens argues that the
learner “offloads some of the processing and interpreting functions of knowledge
flow to nodes within a learning network”.
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Connectivism appears publicly in the beginning of the 00 s decade and puts
forward a perspective on knowledge and learning that assumes that knowledge
“resides in the collective” [10] and that learning is more than a knowledge acquisi-
tion activity, being the ability to form personal networks between resources (nodes)
that are available in the environment. These new learning ecologies assume that
technology has a vital role in the creation, redesign and repurpose of the learner’s
personal network, as knowing where and knowing who are suddenly more important
that knowing how and knowing what.

This perspective is commonly regarded as a deepening of socioconstructivist
theories of learning as it argues that learning is a user-centric, distributed and
knowledge-pull activity and that technology performs a role of augmentation of
learners’ social and collaborative skills, hosting and enabling an environment where
people, practices, values and technologies ecologically connect [11].

This perspective actually reflects current positions on learning and knowledge
creation that are broadly subsumed as emergent learning practices, i.e., “learning
which arises out of the interaction between a number of people and resources, in
which the learners organise and determine both the process and to some extent the
learning destinations, both of which are unpredictable. The interaction is in many
senses self-organised, but it nevertheless requires some constraint and structure. It
may include virtual or physical networks, or both” [12].

The network concept is paramount in the connectivist approach. The knowledge
construction process is conceptualized as a flow that establishes connection through a
network that includes nodes that can be other individuals, communities, resources or
technologies. These networks are, in turn, both internal and external to the individual,
i.e., they are external as they can subsume entities (nodes) that do not reside in the
learner, but they are also internal as learning is a process of creating connections and
patterns of understanding in the learner’s mind [13].

These claims, however, did not go without criticisms. Bell [14] points out very
clearly some of those issues and summarizes her approach by claiming that connec-
tivism is insufficient both as a learning theory and as a perspective regarding human
activity within our current sociotechnical environment. Gros [13] also argues that
other theories, such as the Actor-Network Theory by Latour or theories that are more
focused on social-personal interaction processes (such as andragogy, heutagogy or
peeragogy) propose a better integration between the social, natural and technological
dimensions of learning. This association between technology and learning has also
been extensively studied in the context of self-regulated learning. Several studies
report that the increase use of online environments in the context of formal and
informal learning activities should include a reflection self-regulating learning skills
by the students as “the control of learning is shifted from the educational institutions
and cultures to the individual—often isolated—learner [15]”.

So, what is exactly this sociotechnical environment that shapes much of our daily
activities? Nowadays, the idea of technology as a medium has been replaced by the
idea of technology as a platform, one where knowledge is created, shared, remixed
and repurposed [11]. Technology is, then, an enabler of personal knowledge ecologies
[12] and an ever-evolving learning environment.
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16.4 Technology as (the) Learning Environment

Humans have always used technologies to learn [8]. However, as Gros [13] states,
technology is now pervasive and ubiquitous and is not seen any more as something
external to the learning process. Technology is now both the enabler and the context
where learning takes place and that is a major difference in terms of its role and
potential affordances.

This dual role of technology is self-evident in the concept of Personal Learning
Environments (PLE). PLE are conceptualized as both a learning approach and a
technological system or, as Casquero et al. [15] propose, “a mainstream pedagogical
and technological concept that is supposed to enable (…) education institutions to
adopt and adapt the patterns learned from Web 2.0 and social media in order to fit
into the new networked and learner-centered model of learning”.

This merging role of technology implies that these tools both frame and afford the
emergence of educational approaches that are user-centric, dynamic and flexible and
of new roles both for learners and teachers more focused in participation, interaction
and engagement.

The aforementioned concepts—participation, interaction and engagement—are
important concepts in the realm of Communication Sciences and Technologies but
are also processes that are (re)gaining importance in the context of education. As
Halverson argues, there is an emerging bond between the evolution of cognitive
and sociocultural views on knowledge and learning and the design of learning
environments [16].

Although the interchanges between these two fields are, sometimes, affected by
siloed research agendas, in a knowledge-based society they share far more than
admitted.

The first common concept that is relevant to clarify due to its two folded use
in the fields of communication and education is related to the difference between
technology and media. Although these two terms are often used interchangeably,
Bates [17] distinguishes them by arguing that technologies are tools or systems that
carry a message while media implies intermediation and interpretation, i.e., require
an active act of creation and activation by its users. To put it briefly, “media depend
on technology, but technology is only one element of media” [17].

In this line of thought, it is important to underline that, contrary to technologies,
media are not neutral as theymediate communication and convey subjective symbols,
beliefs and choices. We will revisit this topic in the next section, contextualizing it
within the choices that were made in the development of the Campus platform.

The second concept that is important to define is the concept of participation.
Participation can be defined as a social act or process initiated by individuals and
one that, in the context of learning communities, supports their discourse, their social
presence and their sense of belonging to a larger whole [18]. But as important as the
social dimension, participation also has a very strong cultural dimension. Jenkins [19]
defines a participatory culture as “one in which members believe their contributions
matter and feel some degree of social connection with one another”.
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Being a relevant human capability, participation is sometimes confusedwith inter-
action. However, much like the aforementioned distinction between technologies and
media, interaction depends on participation, but participation is only a part of inter-
action. In a common dictionary, interaction is defined as a situation in which two
or more entities act upon one another to produce a new effect and, as so, it implies
additional layers of mediation and intersubjectivity that we seldom encounter on a
simple participation.

Both concepts are clear social affordances ofmost technologies used nowadays, be
it in the form of quick reactions that signal our participation in a group or community,
be it in the form of more elaborated kinds of interaction that may vary from one-to-
one, to one-to-many and many-to-many interaction patterns [20].

Finally, a concept that is both used in the Communication and Education fields is
the concept of engagement. Engagement is defined by Kahu [21] as an overarching
meta-construct that has evolved and encapsulates a more intrinsic and individual
perspective and a more external and socio-cultural perspective. From a communi-
cation standpoint engagement implies communication, agency and bidirectionality.
From an educational standpoint, student engagement is defined as “(…) a psycho-
social process, influenced by institutional and personal factors, and embedded within
a wider social context (…)”.

All these concepts—participation, interaction and engagement—are believed to
be promoted by current technologies/media as they emphasize the importance of
user-driven approaches to learning, of creating networks and interacting with peers
and of actively collaborating in learning and societal challenges.

A rising body of research expresses positive results of the application of social
media in educational contexts (see Garrison and Anderson [19] for a comprehensive
review on the subject). There is, however, an important issue that crosses these
studies: typically, the application of thesemedia is teacher-driven and teacher-pushed
and it is implemented with technologies that are outside the technological offers of
educational institutions.

This issue is not new and several authors [15, 22] have signaled this apparent
paradox. New learning approaches promote students-pulled learning environments,
which explore social affordances (such as the creation of networks, massive partic-
ipation and interaction) of media and are controlled and configured by the students
themselves inside a siloed, institutional and teacher-driven technological culture.

In the next sections we present the Campus platform as our response to this
conundrum, tracing the rational of its evolution since 2010.

16.5 Campus: A Social Media Platform for Learning

Back in the end of the 00 s decade, the process of providing and promoting the use of
social media in institutional environments—largely configured by tight control and
supervision of educational practices—was a challenge.
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Although several authors advocate that the adoption of social media can be instru-
mental in reconceptualizing the main principles underlying teaching and learning,
there is a known natural inertia and resistance to change in educational institutions
that has to be taken into account (see [23] for a thorough discussion on this topic).

This contributes to the known phenomenon of “adding” instead of “integrating”
technologies in the learning environment [23], a phenomenon that highlights the
mismatch between the students’ typical open culture and the resistance to change that
builds on the natural inertia of educational institutions agents, practices, procedures
and technologies.

One underlying cause for this inertia is the existence of different perspectives on
openness. Some studies argue that students use open technologies in their everyday
life, choosing and naturally changing them according to their interests, and as a result
of the free choices made by informal (interest, practice and/or learning) communities
in which they are integrated (cf. [24, 25]). According to those studies students also
tend to privilege freely accessible content, aggregating, participating and following
sources that provide free and reusable information. Educational institutions are typi-
cally slow in their reaction to these emergent needs and the implementation of
technologies that answer these patterns “represent a complex challenge in terms
of institutional culture and structure” [15].

One other underlying cause for this resistance to change is more profound and is
related with different views on the nature of knowledge, i.e., it is an epistemological
issue.

The opposition between technologies that embody a close and atomized view of
education and knowledge and, on the other hand, technologies that put forward an
open, social and holistic one epitomizesmuch of the current discussion in the EdTech
community of, at least, the past 10 years.

The use of Learning Management Systems (LMS), for instance, outlines a partic-
ular educational and epistemological view. The use of these systems materializes
some educational and knowledge construction practices that rely heavily on tight
management and access control to content, on subject matter and compartmental-
ized organization of knowledge, and on the lack of widespread social and transdis-
ciplinary discussion and interaction. Being closed systems that only grant access
to current students through strict authentication rules, LMS also seem to endanger
important enterprises such as Lifelong Learning that is promoted by open access to
open content.

On the other hand, social media are seen as a set of tools that promote concepts
like openness, participation, collective intelligence and social interaction. As stated
by Casquero et al. [15], despite many LMS “support the affordances of Web 2.0 and
social media withmore or less success, many users would be reluctant to abandon the
externalweb services they are already using because they see themasmore innovative
or because they are connected to their own communities or personal networks through
them”.

As stated in the previous section, PLEwere emerging in the turn to the 10 s decade
as a way to bring together these “two separate and loosely connected spheres: the
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Fig. 16.1 Conceptual diagram of the Campus platform in 2010

institutional and the personal one” [15]. So, between 2009 and 2010, theCampus plat-
formwas designed and launched as a platform comprised of severalWeb 2.0 services
and a dedicated tool to support the construction of an institutionally supported PLE.
From a conceptual point of view, the platform could be seen as a Web 2.0 platform
whose primary objective was the promotion of concepts such as openness, sharing
and collaboration. Upon an independent and open set of social core services (photo
and video sharing, blogs, wiki, social bookmarking) lied a set of aggregation services
(RSS reader, portfolio, assessment, presence manager) integrated in a widget-based
platform that provided a core technological framework to build an institutionally
supported PLE (Fig. 16.1).

With this design the platform tried to balance and compromise institutional
concerns and responsibilities with an open, personal and social learning experience.

As discussed earlier, the adoption of this technological solution required that
institutions (in our case, the University of Aveiro) showed some flexibility to change
some of their control and supervision policies in the usage of technological tools and
services. Among themwere, for instance, hierarchy policies. In the Campus platform
all users in the community were equal and shared the same privileges. This approach
ensured that every user could access the same type of services as well as the same
type of data. One important result from this assumption was that change-tracking
mechanisms could not exist in this non-hierarchical digital community, thus ensuring
user privacy.

In this line of thought, core services were open and free to all the community,
without prior requirements or bureaucracies. All content was open to people outside
the institution and, by default, non-registered users were able to participate and get
involved in discussions. This wide-open consumption and participation of (and in)
core servicesmeant everyone, everywhere, could view and talk about content, tearing
down the metaphorical walls that typically surrounded the institutional space.

This first version of the platform is still available but had quite a few limitations.
Its authentication mechanisms, for instance, were integrated with core technolog-

ical services of the University of Aveiro and its use by other educational institutions
implied a major architectural revision. In terms of user experience, although the
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PLE component of the platform was clearly user-driven, there was a clear mismatch
with the service-driven experience that users had of the integrated Web 2.0 services.
Finally, the platform was clearly designed for use in higher education institutions
what caused an obvious problem of scalability.

In these two years, besides the design and development of the platform, the
delivery of research documents was also a clear goal of the team. In this phase,
two master’s degree dissertations were developed, related to the specification, devel-
opment and assessment of specific features within the overall development of the
platform [26, 27].

We always adopted a vision that the platform should be continuously updated
through an iterative and user-driven participatory design development process, based
on the feedback of the community, the involvement of graduate students in the
development team and the inputs from our funding partner (SAPO). This led to
an important decision, in 2011, to begin a major redesign of the platform.

That redesign was organized around three main ideas: develop a platform that
could be used by educational institutions of all levels, improve the overall user
experience of the platform with an evolution towards a social network approach,
and develop new services (such as a gamification tool, a portfolio tool, and a user
and content recommendation system) that the research in the field was suggesting as
relevant in educational platforms.

The development process of the version 2 of the platform took around 18 months
as a major technical overhaul was made in terms of the technologies used. These
technologies supported an also major interface redesign, more user-centered and
based in the newsfeed metaphor of other social media applications and very strict
privacy rules that resulted from the decision ofmaking theCampus platform available
for all teaching levels.

With the support of our funding partner, the launching of the platform occurred
in 2013 in a limited format, for 5 selected school clusters. This controlled launching
allowed us to test the platform with actual users and collect valuable data that would
be used to make important updates before the public launching of the platform. This
version already featured a gamification tool (see Costa [28] for more information
on the decision-making process in this tool) and other relevant tools such as user
recommendations, support for the creation of groups and file storage (Fig. 16.2).

Once more we carried on with a quite intensive research agenda while devel-
oping the platform between 2011 and 2014. In this timespan a total of seven master’s
dissertations were developed, whose themes ranged from the validation of the gami-
fication tool and the recommendation system integrated in the platform to impact
studies related to the appropriation of the platform in vocational learning [29–32].

The Campus platformwas now available to all educational levels and contexts. Its
main purpose remained the support to the natural interaction that occurs inside and
beyond the classroomwalls, allowing the development of a sharing and collaborative
environment between the community. Campus’ users had its personal area where the
content they have published is automatically aggregated. Each user had the possibility
to follow other users, establishing a connective network based on common/shared
interests and enabling a connective knowledge construction.
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Fig. 16.2 Newsfeed page of the Campus platform in 2013–14

The content shared by the platform’s users was automatically aggregated and
displayed on the school’s newsfeed area, where the user could also access recommen-
dations, notifications and favorite content. This social dimension was always a major
part of the platform, thus, beyond the possibility of following other users’ activity
and access the content they’re publishing, Campus’ users had also the possibility to
integrate and create groups based on their interests. These groups or communities are
composed of a number of people sharing the same objects or desires, governed by
rules andusually divide tasks among their participants. The interaction created around
the groups of users with similar interests has the potential to join motivated individ-
uals aiming to achieve their goals through collaboration and sharing. With these core
principles, the Campus platform opens up the possibility of creating different groups
based in different interests, where each user is able to establish different connections
with different purposes, intensities and goals.

The public launching of this version and the interaction with the platform user’s
community allowed us to begin a new and different phase regarding its develop-
ment. This phase was more focused in collecting data from the different profiles of
users (teachers, students of all education levels, parents, educational community)
that allowed us to surgically update some of the platform’s features and overall
performance.

This was the case, for instance, with the gamification tool.
Several authorswere reporting in the beginningof the 10 s decade that the strengths

of gamification and schools could be complementary and that bringing education and
game elements together could lead to results thatwere especially important to develop
twenty-first century skills [33–36].
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These authors argued that the application of game elements in educational contexts
could motivate and engage learners and give teachers better tools to guide and reward
students [33]. Badges, particularly, were seen as a game element that “allow users to
view their achievements compared to those of others in the same community—also
creating a sense of belonging to a similar minded group and competition among
them” [34].

Taken these growing body of research into account, the Campus team developed
and implemented a badging system supported by the Mozilla Open Badges tech-
nology and comprising two main types of attribution: a manual attribution system
and an automatic attribution system.

In the manual attribution system school members were able to create badges and
some pre-designed badges were already available for members to use.

Tomake possible the creation of badges a badge creation toolwith a set of elements
(frames, backgrounds and images) was created, which allowed different combina-
tions (Fig. 16.3). Hence, the platform user could customize and adjust the badge to
the context in which is being used.

Beyond the possibility of creating badges, the platform also provided a set of
predefined badges that could be used by the institutions. Each badge represented a
challenge that should be overcome by users in order to earn that badge. Our main
goal was to connect the formal and informal activities occurring in the schools with

Fig. 16.3 Campus platform Badge creation tool
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the Campus digital environment, thus promoting challenges that tested and rewarded
users’ mastery and proficiency in both activities occurring in school (for instance:
participate in or win a poetry contest) as within the platform (for example: share the
best picture of the school).

This automatic system for badges attribution was implemented as a challenge-
based introductory tutorial that aimed to lead the user to explore the main areas and
functionalities of the platform. The tutorial was composed of two major challenges:
explore and socialize. To earn the first badge (explorer badge), the user had to visit
and explore the main areas of the platform: the school page, the newsfeed, his profile
page and the settings area. In order to earn the second badge (socializer badge), the
user had to visit the profile, follow and mention at least one user and make at least
one comment, beginning, in this way, the development of its own network based on
his personal interests.

The automatic badge feature was abandoned as a result of several tests with users
and the manual badge attribution became a staple of the platform (see [2, 37, 38] for
more information regarding its evolution and testing).

A quite intensive research agenda was also pursued. While continuously devel-
oping the platform between 2014 and 2018, a total of 2 PhD thesis [39, 40] and one
master’s dissertation [41] were developed. One of the PhD thesis was particularly
relevant. It was the PhD thesis of the main responsible for the conceptualization and
development of the platform and encapsulated, at the time, eight years of research
and development of the Campus platform [39]. During this period the development
of the platform was also tested by the change of our funding partner, SAPO. This
private company was very important to the project since its beginning and the idea
of the Campus platform as a research and development project outside its imme-
diate control is a sure test of the vision, boldness and unconditional support of its
Executives.

From 2018 until now a third version of the platform was developed. The
main objective underlying the development of this version was a mobile-first
concern, echoing the growing importance and use of mobile access to educational
technologies.

Whilemaintaining its core blueprint as a customizable social networking platform
solution focused on collaboration, sharing and communication, this new version is
characterized by a tenant-oriented architecture to create new platforms and a reusable
infrastructure and technology that allows an independent product page and modular
features for each platform, preserving all privacy control for communities, groups
and users.

This multi-tenant approach can be seen in the launching of new services that
leverage the principles of the platform and apply them to new contexts, such as
bringing together the Portuguese research diaspora in a common platform [42] and
creating digital communities to elderly citizens (miOne community—https://mione.
altice.pt).

It is available since 2019 and is being used by schools, private foundations and
research projects as a tool that carries onwith the same objectives it hadmore than ten
years ago: to answer the communication and collaboration needs of the learning and

https://mione.altice.pt
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research communities, guaranteeing the privacy of the publications that are shared
and facilitating the teaching and learning process through a diverse set of tools,
including social and multimedia features such as blogs, files, videos, photos, chat
and task management tools.

Research-wise, the development team has recently three more master’s disser-
tations, focusing in new areas of research and development within the platform:
exploring a chat systemwith intelligent cyberbullying detection services and features
[43], a tool that allows the creation of content pages inside communities [44], a global
redefinition of the gamification strategy environment in order to meet the specific
needs of the Campus multi-tenant approach platform and its diverse online commu-
nities [45] and an upcoming work related to the development of a tool for smart
reactions, connecting artificial intelligence and interfaces in order to promote more
and better interaction between users and content.

16.6 A Brief Overview of the Evaluation of the Platform

As a research and development project, the Campus platform has been subject to
different kinds of evaluations in these past 10 years. In terms of scientific areas,
most of the research produced was in the area of Communication Sciences and
Technologies, although some of the research projects are to be traced in the areas
of Educational Technology and Marketing (Fig. 16.4). This is an important feature.
The Campus platform has always welcomed different and complementary research
approaches that could make it better in terms of being a more solid (communication)
product but also to be more adequate to its target area (Education).

17 
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Fig. 16.4 Campus platform: research projects by scientific area
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Fig. 16.5 Campus platform: research projects by research theme

In what research themes are concerned there is a relevant focus on Web design
and development (Fig. 16.5). Educational media are, in the twenty-first century, Web
products and a great deal of their research and development is dedicated to design
good learner experiences to its users. However, we should also underline the impor-
tance of the impact studies that were conducted. These studies were longer than the
others and tested the platform’s adoption and appropriation by teachers and students
of different teaching levels. Other research focused on digital marketing themes and
audiovisual communication and were related to the dissemination strategy of the
platform.

In terms of research typologies, the predominant type of research was framed by
development-drivenMSc research, followed by longitudinal funded research projects
and PhD-related work (Fig. 16.6).

Finally, in Fig. 16.7 we can see that there was always some kind of research that
was being developed with the platform since 2009. This is a strong indicator that the
overall rational of the Campus platform is research-driven and that a good balance
was achieved with its product side.

16.7 Conclusions

In this chapter we presented and discussed relevant communication concepts that
nowadays are seen as essential when discussing education in a digital age. Partic-
ipation, interaction and engagement are seen as important processes as learning is
increasingly acknowledged as a social and connective activity and in which digital
learning environments, and namely social media, are an integral part of the learner’s
knowledge network ecologies.
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Fig. 16.7 Campus platform: research projects by year

Social media are an important feature in today’s learning environments and
according to Spector [46] they provide a space for the formation of communities,
interaction with peers and a seamless integration of informal, non-formal and formal
educational communities.

More importantly, we described, in some detail, the research and development
of a social media platform—Campus—since the end of the 2000 decade until 2020.
The platform began as a blend of Web 2.0 services and a PLE tool and evolved to a
social media tool with institutional support for use in all educational levels.

The successive versions of Campus not only reflected the evolution of technology
but, most of all, the evolution of the practices of its users. A few major changes can
be signaled. One important change is related to a temporal dimension of learning
that technologies tend to resgnify. The admission that constructive debate, conflict
and discussion are relevant learning strategies and that they can happen anytime
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and anywhere are a powerful affordance of technology. The monitoring of the use
of synchronous and asynchronous communication features of the Campus platform
taught us exactly that. Some of the most dynamic and participated activities that
occurred in the platform took place on weekends or way beyond regular school
hours. One other relevant change is related to the use of technology to form groups
and the importance of the interactions that occur in these groups. A growing body
of research shows that students tend to participate more in social media groups that
in institutional LMS (see [47] and [48] for a review on this issue). The fact that
the Campus platform made available a tool to create groups, respecting privacy and
security in an institutional environment for all education levels reflected this trend.
Finally, the evolution towards mobile access to contents and discussions, the idea
of quick publishing and acknowledges and of the use of gamified strategies in the
learning process were also educational trends that the literature mentioned, that our
user community demanded and that were included in the platform.

We are now, for the worst reasons, witnessing the importance of these features
as teachers and students try to navigate a distance education scenario imposed by
the covid-19 pandemic. More importantly than ever, digital learning environments
are now a tool that must empower educational agents to proceed with learning activ-
ities, connecting users and communities and giving them all the opportunities to
communicate, interact and (socially) construct knowledge.

As we reflect on this journey, besides the gratitude towards everyone that worked
on the project, we have a clear notion that this is (always) an unfinished body of
work. As the use of the platform by the platform’s users evolve, so must evolve the
ways in which we acknowledge that, the way we research and develop solutions and
the ways in which the platform must transform itself to serve its users.
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Chapter 17
Educational Computer Games and Social
Skills Training

Margarita Stankova, Daniela Tuparova, Polina Mihova, Tsveta Kamenski,
Georgi Tuparov, and Krista Mehandzhiyska

Abstract This chapter presents the application of educational computer games
aiming to improve emotional understanding in children with ASD. A game, designed
specifically for children with ASD and based on the ability model of emotional intel-
ligence [22], is introduced. This model suggests that emotional intelligence is based
on our four focus areas: perceived emotions, use of emotions to facilitate thought,
understanding emotions and managing emotions. We selected this model because
it draws a specific focus to understanding emotions through verbal and non-verbal
interventions.

The game consists of seven modules:

1. Completion of a sentence with target pictures, denoting emotion;
2. Matching verbal exclamation with the corresponding picture denoting emotion;
3. Finding two identical emoticons;
4. Matching emoticons with situational picture-based emotions;
5. Matching pictured emotion with an emoticon;
6. Finding identical emotions in different pictures; and
7. Matching the sentence describing an emotion with a picture.

The game offers participants a specific combination of visual representation and
auditory perception of nominated emotions. In addition, it offers the opportunity
for the emotion to be depicted and accessible on target pictures—facial expressions
and adapted situational images. The Chapter discusses the principles of game devel-
opment and its seven components. Data collected from the pilot testing with two
groups of children—typically developing and children with ASD—are systematized.
Enhancement of social skills and emotional intelligence and its key components,
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namely, emotion perception and understanding, is a fundamental part of direct and
indirect interventions that support the development of children with ASD. Such skills
would widen the opportunities for the children to establish and build relationships
with peers, be better accepted in society and reach an improved functional level.

Keywords ASD · Educational computer games · Social skills · Emotional
intelligence

17.1 Introduction

17.1.1 Autism Spectrum Disorders

Autism spectrum disorders (ASD) include problems in social communication and
repetitive behaviours with a genetic or other cause. In today’s world, many people
with ASD are able to develop the ability to function independently, but some are still
unable to live on their own. Successful medical practices and behavioural interven-
tions that positively influence children with ASD, especially those with comorbidity,
remain the focus of practitioners and researchers [1]. Autism is a heterogeneous
disorder. Current classifications introduce the term ASD using additional clinical
descriptions to differentiate individuals [2]. The latest version of DSM-V places the
focus on diagnosis and includes two domains. The first is related to social commu-
nication, and the second includes restricted, repetitive or unusual sensory-motor
behaviours. A differentiation scale to assess the severity of the symptoms is also
introduced. Problems in the development of social skills in individuals with ASD
may include the following symptoms observed in multiple contexts: social reci-
procity disorders, non-verbal communication disorders and disorders in developing,
maintaining and understanding relationships [3].

People with ASD display different behaviours in the context of their disturbances
in social development and emotional organization. Some children have no desire
for social communication and avoid it; others are actively looking for interaction,
but do not have the know-how, empathy and skills [4]. People with ASD have diffi-
culties recognizing and understanding the emotions of others, expressing their own
emotions, recognizing emotional expressions, and understanding them through the
faces of others, as they are likely to see the individual elements of the face rather
than the expression as a whole [5].

There is a delay in the development of facial expressions processing in children
who show ASD features [6], including slow recognition of emotions [7], difficul-
ties interpreting emotional cues and body language [8] different patterns of brain
responses to emotional stimuli [9] and weak reliance on emotional information
observing the face, probably resulting in difficulties in understanding social situ-
ations [10]. These changes are probably related to many environmental factors, incl.
adverse childhood events that may impair the development of emotional information
processing and lower the focus on understanding facial expression [11]. Difficulties
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in recognizing facial expression of emotions depend on children’s age, as children
between 2 and 4 years of age are more likely to confuse emotion when relying on
human faces [12].

ASD individuals have problems solving tasks for analysis of social situations
and complex emotions in feature films. They may experience difficulties in some
aspects of empathy processing, where language-based interventions are suggested
as therapeutic strategies [13].

Computer technology can be used in working with individuals with ASD, espe-
cially in the development of verbal skills as well as to support the exchange of infor-
mation between people, improve the overall quality of life [14], and develop social
skills [15]. Computer training can hone emotion recognition and the development
of social cognition [16]. Emotional recognition skills acquired through computer-
based training can be successfully transferred into everyday life [17]. The applica-
tion of computer games is perceived positively by children and their parents [18,
19]. Supporting the development of social skills and their application in life is a key
factor for individuals with ASD, as it will enable them to have normal relationships
with other people [20].

17.1.2 Emotional Intelligence (EI)

Emotions include feelings, thoughts and reactions of the nervous system, as well
as physiological changes in the body and changes in behaviour. Emotions are of
great importance for our functioning in the socium and response to certain events;
therefore, emotions serve many functions [21].

Emotional intelligence (EI) has been defined by Salovey&Mayer as the “subset of
social intelligence that involves the ability to monitor one’s own and others’ feelings
and emotions, to discriminate among them and to use this information to guide one’s
thinking and actions” (p. 189) [22]. The authors also comment on “interpersonal
intelligence”, which includes the ability to observe the emotions of others and their
moods and attempts to predict their behaviour.

EI includes verbal and nonverbal understanding and expression of emotions, regu-
lation and use of emotional content for problem solving [23]. EI is the ability to
understand, identify and manage emotions in such a way as to overcome anxiety,
communicate efficiently, solve problems andmanage conflicts. The Ability EI model
emphasizes the relationship between cognition and emotion and the skills of percep-
tion, recognition and management of emotions [24]. EI includes the ability of a
person to be involved in processing their own emotions, as well as the emotions of
others, and to use this information as a guide for thinking and behaviour. People with
high emotional intelligence can manage their emotions and possess adaptive skills
[25].

The Ability EI model includes four branches that focus on the ability to perceive,
use, understand and manage one’s own emotions and the emotions of others. The
first involves the ability to perceive one’s own emotions and the emotions of
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others, including the ability to identify emotions through language, appearance and
behaviour. The second branch includes emotional facilitation of thinking—the indi-
vidual’s ability to incorporate emotions into prioritized areas of thinking by focusing
on important things. The third branch is related to understanding and analyzing
emotions, the ability to nominate emotions, to understand their meaning and to
distinguish themwhen similar words and expressions are used to denote them, and to
understand the states associated with a combination of emotions. The fourth branch
represents the ability to manage emotions and the impact of this regulation on the
emotional and intellectual growth [26].

Additionally, the modified version of the model includes an expansion of the
section “Understanding Emotion,” which initially includes the ability to identify
emotions and know their causes and to understand complex emotions. An assessment
of the ability of emotional forecasting has been added to that section [25].

Emotions contain and carry information (e.g., happiness leads to a desire to
socialize with other people, anger leads to a desire to attack others, fear leads to
a desire to run away). Each emotion contains a message and a probable action asso-
ciated with it. Understanding emotional messages and the potential actions associ-
ated with them helps individuals to integrate into society and to create satisfying
relationships [27].

Emotional recognition includes the ability to understand the expressions of others
that represent their feelings, including the use of non-verbal channels (e.g., face, body,
voice). This is directly related to the possibilities for interactions and appropriate
behavior [28].

17.1.3 Computer Game for the Development of Social Skills
in Children with ASD

The aim of the game is to improve children’s social skills by teaching them to
recognize emotions, to increase children’s knowledge of emotions, and to expand
their knowledge of situations related to these emotions. The facial and physical
expressions of people who experience emotions are also a point of focus. We believe
that this would increase the social capacity of children with autism and improve their
daily interactions with other people [29], their ability to manage their own emotions
and the emotions of others [30], their inner experiences and outer relationships [26],
and promote successful communication and understanding of thought as well as their
orientation towards certain goals [31].

The ability EI model suggests that emotional intelligence is a pivotal skill in
one’s life, and an important element of this model is the understanding of emotions,
including their verbal representations [25].

Improving the understanding of emotions in children with autism and their
emotional intelligence can be achieved through several means, such as the following:
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• Theuse of plot pictures emphasizing the expression of emotion and its nomination;
• The use of different types of taskswithmultiple choice options aimed at promoting

the recognition of a set of emotions.
• The use of situational pictures containing both people and emoticons to differen-

tiate emotions with the same name;
• The search for matches between emoticons and facial expressions in humans;
• The reiteration of the emotion with both the correct and incorrect answer to create

a visual image related to the verbal naming.

Interventions suitable for teaching childrenwith ASD have been used in preparing
the games. In the games, multiple visual stimuli and the same target emotion are
presented in several ways, and children are tasked with completing a sentence in
context, recognizing the emotion in multiple pictures, combining identical emotions,
searching for a match between an emoticon and a picture, and recognizing the image
in a picture and matching it to its name. The emotion is presented in different ways,
and there is an opportunity to improve visual recognition and match the visual
representation of the emotion with its name.

Another approach is the random presentation of the tasks in each group. Each
time the child starts the game, a different order of tasks is presented to prevent the
child from learning the answers or getting bored. The random presentation of the
individual tasks is expected to increase the motivation for multiple repetitions of the
game and promote learning.

17.1.4 Educational Game—Framework

The aim of the game is to improve emotion recognition, especially in themed (social)
situations, and allowchildren to develop social/soft skills and to focus on the emotions
of the other participants in the situation.

Voice instruction is used in the games, and emotions are provided both in the
instructions and the correct/wrong answer. Thematic pictures containing children,
adults, and emoticons are displayed on the screen. The emotion is depicted in color
and the rest of the picture in black and white, so the focus is placed on the target
group in color, denoting the emotion. In this way, the skills of children with ASD
are used to focus on details but at the same time to present the emotion in a social
context/plot picture. By transferring this knowledge to real situations, where they
hear the name of the emotion or observe the emotion visually, children can improve
their performance skills.

The verbal description of the emotional state or the situation has to be matched
to the thematic picture/emoticon by the child. When a correct answer is given, the
speaker names the related emotion, and the child is reinforced verbally by “Well
done! You did it!” When the answer is wrong, the speaker names the emotion and
prompts the child with “Try again!” For a better learning experience, the emotion
is named after the choice, and this naming is combined with the feedback for the
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correct or wrong answer. The game is targeted at children who can understand the
task instructions, which are read aloud.

The record of each player’s achievements displays the number of correct and
incorrect answers and the time taken to answer the questions as well as the number of
attempts used to listen to the condition, which is an important factor in the application
of the game to children with ASD. Numerous listening attempts indicate difficulties
in understanding the instructions and/or difficulties in understanding the name of the
emotion, which is a very important measure. Motivation is maintained through the
relatively small number of answer options, which increases the chance of a correct
answer, even with the random choice of answers. This also supports learning as it
provides positive feedback and focuses children’s attention on naming and expressing
emotion.

The games are provided sequentially in order to gradually complicate the tasks.
The first mini-game starts with a sentence that explains a social situation and gives
three possible emotions as answer options. The second game is an emotional excla-
mation and a situation prompting the user to choose between four different pictures
depicting an emotional situation. The third task involves recognizing the same
emotions with emoticons, and the correct answer is provided after the user’s selec-
tion. The fourth task contains instructions for combining a picture with an emoticon.
In this task, there are four possible situations denoting the same emotion, presented
in two columns of four. The last task includes a description of an emotion and a
search for a match between four pictures.

Each game includes several tasks with the same degree of complexity. Some
techniques for working with children with ASD were used to improve learning
and understanding: the instructions are clearly articulated at a slow rate and
contain only words with unambiguous meanings; sentences are short and clear
with adequate pauses in between; the reinforcement for answering correctly is
immediate; and the name of the emotion is reiterated.

17.2 Game Description

17.2.1 Tasks—Mini-Game 1

Mini-Game 1 consists of 11 tasks displayed in different/consecutive panels each
consisting of three pictures.

Setting: The child hears a sentence describing a particular situation related to
a feeling or emotion. He/she has a choice of three thematic pictures and has to
choose the one that best describes the emotion to complete the sentence. When
answering correctly, the child hears the word denoting the emotion and is given
verbal reinforcement as well. The aim is for the child to relate the situation described
in the sentence to the emotion in order to identify the correct emotion and hear it
stated verbally.
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The expected result in this game is to improve the recognition of the emotions and
the feelings of the others in various situations and develop skills for understanding
their behaviors.

Example:

Instruction:
Choose the picture that best denotes the emotion to complete the sentence.

1. When something nice happens to us …
The answers to choose from are:

• We feel ashamed;
• We feel pain;
• We feel happy.

The correct answer is “We feel happy” (Figs. 17.1 and 17.2).
The sentences to be completed in Game 1 and the corresponding answers

are as follows:
2. When we achieve something, we feel... Options containing answers and

pictures related to emotions: we feel love; we feel proud; we feel scared.
3. When we see something unpleasant, we feel... Options containing answers and

pictures related to emotions: disgusted; surprised; angry;
4. Whenwemisbehave,we feel...Options containing answers andpictures related

to emotions: scared, ashamed; in pain;
5. When something scary happens to us, we feel... Options containing answers

and pictures related to emotions: upset; entertained; frightened;
6. When we do something, we enjoy, we feel.... Options containing answers and

pictures related to emotions: disgusted; entertained; frightened;
7. When someone breaks something that belongs to us, we feel... Options

containing answers and pictures related to emotions: upset; entertained; love;
8. When we fail to achieve something, we feel... Options containing answers and

pictures related to emotions: surprised; love; frustrated;
9. Whenweget injured,we feel... Options containing answers and pictures related

to emotions: pain; frustrated; frightened;
10. When someone does something unexpected, we feel... Options containing

answers and pictures related to emotions: ashamed; surprised; sad;
11. Whenwe are unable to do the things that wewant, we feel... Options containing

answers and pictures related to emotions: entertained; frightened; sad.

17.2.2 Tasks—Mini-Game 2

Mini-Game 2 contains 11 tasks displayed in consecutive panels in a random order
on the screen.
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Fig. 17.1 Screenshots of
“Game 1”

Setting: There are four pictures on the screen. The child hears a verbal expression
related to a feeling or emotion. The aim here is for the child to choose the picture that
best corresponds to the emotion in the sentence.When the given answer is wrong, the
child hears the word denoting the emotion and a statement that it does not correspond
to the verbal expression as per the instructions.

The expected result is an improved ability to relate verbal expressions that explain
the emotions to the picture that corresponds to the emotion.

Example:

Instruction:
Choose the picture that best matches the exclamation.

1. Ugh, this is disgusting!
The answers to choose from are:
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Fig. 17.2 Flowchart
diagram of “Game 1”

• I am disgusted;
• I am angry;
• I am happy;
• I love you.

The correct answer is “I am disgusted” (Figs. 17.3 and 17.4).
The examples Mini-Game 2 include the following verbal exclamations:

2. Ugh! I am so angry! Possible answers and pictures related to emotions: I am
scared; I am angry; I am surprised; I am in pain;
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Fig. 17.3 Screenshot of
“Game 2”

3. Ouch! It hurts! Possible answers and pictures related to emotions: I am in pain;
I am angry; I am happy; I love you;

I cannot do this; it is too difficult! possible answers and pictures related to
emotions: i am ashamed; i am scared; i am in difficulty; i am afraid;

5. Aah, I am so scared! Possible answers and pictures related to emotions: I have
fun; I am in pain; I am disgusted; I am scared;

6. Ooops, I am so sorry... Possible answers and pictures related to emotions: I
have fun; I am in pain; I am ashamed; I am proud (of);

7. Wow, this is so much fun! Possible answers and pictures related to emotions;
I am proud (of); I am in difficulty; I have fun;

8. Whoa, such a wonderful surprise! Possible answers and pictures related to
emotions: I am surprised; I am scared; I love you; I have fun;

9. Yahoo! I am so proud; I did it! Possible answers and pictures related to
emotions: I am in pain; I am in difficulty; I am proud (of); I am angry;



17 Educational Computer Games and Social Skills Training 371

Fig. 17.4 Flowchart
diagram of “Game 2”

10. Aah, you got me scared! Possible answers and pictures related to emotions: I
am scared; I am sad; I love you; I am ashamed;

11. I love you! Possible answers and pictures related to emotions: I am happy; I
am surprised; I love you; I have fun.

17.2.3 Tasks—Mini-Game 3

Mini-Game 3 contains five tasks displayed in a random order in consecutive panels
on the screen.

Setting: There are eight emoticons on the screen, and the child is seeking to find
the two identical ones among them. The task is to recognize the identical emotions
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denoted by emoticons. Instructions are given verbally without naming the emotion.
After the successful completion of the task, there is verbal feedback naming the
emotion and verbal reinforcement.

Example:

Instruction:
Find the two emotions that are identical.
Correct answer: “It hurts.”
Reinforcement: “Well done, you did it!” (Figs. 17.5 and 17.6).

Fig. 17.5 Screenshot of
“Game 3”
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Fig. 17.6 Flowchart
diagram of “Game 3”

17.2.4 Tasks—Mini-Game 4

Mini-Game 4 contains two tasks displayed in consecutive panels on the screen.
Setting: The child has to match a thematic picture denoting an emotion with the

corresponding emoticon. After the successful completion of the task, there is verbal
feedback naming the emotion and verbal reinforcement.

The aim of the task is to discover the emotion denoted in the thematic picture
and recognize the same emotion denoted by the emoticon. When the answer given
is wrong, there is an opportunity to teach the child the right emotion.
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Fig. 17.7 Screenshots of
“Game 4”

Example:

Instruction:
Match x picture with an emoticon (Figs. 17.7 and 17.8).

17.2.5 Tasks—Mini-Game 5

Mini-Game 5 consists of six tasks displayed in a random order in consecutive panels
on the screen.

Settings and aim: To introduce a thematic picture denoting an emotion and match
it to the relevant emoticon in an array of four emoticons. This task develops the skill
of emotion recognition, represented both by a thematic picture and an emoticon.
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Fig. 17.8 Flowchart
diagram of “Game 4”

After the successful completion of the task, there is verbal feedback naming the
emotion and verbal reinforcement. If the child fails to match the items, the emotion
is repeated, and the child hears “Try again!”.

Example:

Instruction:
Which emoticon best matches the emotion shown in the picture?
The answers to choose from are:

• I am in difficulty;
• I am happy;
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Fig. 17.9 Screenshots of
“Game 5”

• I am surprised;
• I am in pain.

The correct answer is “I am in pain” (Figs. 17.9 and 17.10).

17.2.6 Tasks—Mini-Game 6

Mini-Game 6 consists of three tasks displayed in a random order in consecutive
panels on the screen.

Setting and aim: To recognize identical emotions shown in different thematic
pictures. Four coupled emotions and eight thematic pictures are shown on the same
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Fig. 17.10 Flowchart
diagram of “Game 5”

screen. The task is successfully completed when two identical emotions are recog-
nized and selected. The emotion is stated verbally, and the participant is verbally
reinforced.

Example:

Instruction:
Match the pictures denoting identical emotions (Figs. 17.11 and 17.12)!
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Fig. 17.11 Screenshots of
“Game 6”

17.2.7 Tasks—Mini-Game 7

Mini-Game 7 consists of 26 tasks displayed in a random order in consecutive panels
on the screen.

Setting and aim: To identify the corresponding emotion by asking a related ques-
tion. All questions start with “In which picture...” The participant has to choose an
answer in the array of four thematic pictures related to different emotions. Every
emotion is named twice and has two corresponding thematic pictures.

Example:

Instructions:

1. In which picture is the child surprised?
The answers to choose from are:
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Fig. 17.12 Flowchart
diagram of “Game 6”

• disgusted;
• scared;
• surprised;
• ashamed.

The correct answer is “I am surprised” (Figs. 17.13 and 17.14).
Here are some sample questions of Mini-Game 7:

2. In which picture is the child surprised? Possible answers: I am angry; I am in
difficulty; I am surprised; I love you.

3. In which picture is the child sad? Possible answers: I am happy; I am sad; I
am scared; I am in difficulty;
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Fig. 17.13 Screenshot of
Game 7

4. In which picture is the child happy? Possible answers: I am ashamed; I am
proud (of); I am surprised; I am happy;

5. In which picture is the child angry? Possible answers: I am scared; I am in
difficulty; I am angry; I am having fun;

6. In which picture is the child scared? Possible answers: I am angry; I am in
pain; I am happy; I am scared;

7. In which picture is the child disgusted? Possible answers: I am scared; I am
angry; I am sad; I am disgusted;

8. In which picture does the child feel proud? Possible answers: I love you; I am
ashamed; I am proud (of); I am surprised;

9. In which picture is the child in difficulty? Possible answers: I am angry; I am
in difficulty; I am disgusted; I am ashamed;
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Fig. 17.14 Flowchart
diagram of Game 7

10. In which picture is the child ashamed? Possible answers: I am in pain; I am
ashamed; I am proud (of); I am sad;

11. In which picture is the child having fun? Possible answers: I am scared; I love
you; I am having fun; I am surprised;

12. In which picture is the child loving somebody? Possible answers: I am scared;
I am ashamed; I am happy; I love you.
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17.3 Game Development

For the efficient implementation of the online game application,we used a specialized
web-based platform called Moodle, which provides the opportunity to implement
specific interactive activities suitable for use on desktops as well as onmobile devices
(cell phones and/or tablets).

Moodle is a learning platform used to augment and move existing learning envi-
ronments online. It is a virtual learning environment and can be used in education,
training, and development, as well as in business settings. The software platform
enables the development and design of new courses or programs from scratch by
stacking modular media, text, and interactive blocks. The access to the platform
is secured by an initially generated username and password so that we can control
access, monitor the progress of the participant, and last but not least, collect statistical
data for further analysis as well as for ongoing feedback and the regular coordination
of the exercises.

The games were developed using Adobe Captivate (adobe.com) and exported in
SCORM1.2 (Shareable Content Object Reference Model; https://scorm.com/?utm_
source=google&utm_medium=natural_search). Learning objects have been inte-
grated into the Learning Management System (LMS) Moodle. The games are based
on scalableHTML5and can be played on various devices, fromadesktop computer to
a tablet or smartphone. The child can access the game through theMoodle e-learning
system. The introduction of games through SCORM packages allows re-use in e-
learning systems that support the SCORM standard [32, 33]. This makes it possible
to collect data related to the player’s interaction with the individual elements of the
game, such as the answers given, the length of the game, and the time between the
individual interactions with the elements of the game. The games can also be used
without an e-learning system, but in such cases, the child’s interactions with the
objects in the game cannot be traced. Each interaction is accompanied by a voice
instruction for task completion, supporting or encouraging the child to choose the
right answer. Each time a question is introduced, a different set of possible answers
is generated. In practice, the child can progress only when he/she selects the correct
picture (Fig. 17.15).

The game algorithm follows the pattern below:

Fig. 17.15 Screenshots of “Game 1”

https://scorm.com/?utm_source=google&amp;utm_medium=natural_search
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• start of the game: user clicks the start button, which says “Start”;
• user clicks on a button, which includes the name of the object “speaker,” to repeat

the instructions for a task;
• user selects an image that is a wrong answer, which includes the name of the

object “wrong”;
• user moves to the next question, which includes the name of the object “next”;
• user selects an image that is the correct answer, which includes the name of the

object “correct”.

An interaction marked as correct is weighted two points, and all other interactions
are weighted one point (note: Adobe Captivate requires at least one point to be
awarded for the interaction to be included in the report). The child progresses through
the game only if he/she answers the questions correctly. This means that when the
game is over, fewer interactions show a better result.

For every interaction, the SCORM package reports the time of interaction based
on the server to LMS in real time. This allows us to track the speed of the participant
for the current interaction.

Moodle provides the option to obtain several types of reports for all users registered
in the course: basic, graph, interactions report, objectives report (Figs. 17.16 and
17.17).

The data from the SCORM package in Moodle can be exported in a.xlsx format
and further analyzed (Fig. 17.18).

For example, the data in the table (Fig. 17.18) represents the number of users
and some additional information. One user played the game five times, another user

Fig. 17.16 Basic report for all participants
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Fig. 17.17 Interaction report in Moodle

Fig. 17.18 Report exported in MS Excel (The screen was taken in the process of testing the game
played by children)

played the game twice, and the rest played just once. The user “kid9” listened to
the instructions for the first question twice and then clicked on the picture with the
correct answer. The user “kid20” selected the wrong answer twice and in their third
attempt, selected the correct one (columns J,M, and P show the answer chosen by the
user. The correct picture contains the word “correct,” and the wrong picture contains
the word “wrong”).
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LMSMoodle also provides individual reports on each child’s interaction with the
objects in the game, which include general information about the learning object
used (Fig. 17.19), detailed tracking of interactions (tracking details; Fig. 17.20), and

Fig. 17.19 Learning object report for user “kid9”

Fig. 17.20 Tracking details for user “kid9”
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Fig. 17.21 Screenshot of interaction report for user “kid9”

information about interactions with each element included in the report of the game
(Fig. 17.21). In the individual reports, the status of the learning object can be seen
as well as total time, score, and link to the tracking details.

17.3.1 Pilot Testing on Two Groups of Children
and Qualitative Data

The JASP statistical package (https://jasp-stats.org/) was used for statistical anal-
ysis, and a significance level of 0.05 was applied. The pilot measurement compared
the results of the first and second games in control Group 1 (typically developing
children) and Group 2 (children with ASD).

Mini-Game 1 was played by 13 children from Group 1 and 10 children from
Group 2. Three of the children gave up at the beginning of the game and were not
included in the analysis. Mini-Game 2 was played by 12 children from Group 1
and 9 children from Group 2. The majority of children in both groups played either
Mini-Game 1 or Mini-Game 2. For the children who played Mini-Game 2, in Group
1, one child made two attempts, and in Group 2, four children made more than two
attempts.

The descriptive statistics of the results for groups 1 and 2 for both mini-games
are presented in Table 17.1.

Due to the small number of participants, we used non-parametric statistical
methods for the comparison of independent samples (Mann–Whitney U test and

https://jasp-stats.org/
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Table 17.1 Descriptive statistics of the wrong answers

Group N Mean SD SE Median Mode

Number of wrong answers in
Game 1

1 13 2.23 1.83 0.51 2 2

2 7 5.29 5.25 1.98 4 2

Number of wrong answers in
Game 2

1 13 3.00 2.77 0.77 2.5 0

2 21 4.43 5.27 1.15 2 2

effect size estimation). The alternative hypothesis specified that the median of wrong
answers in Group 1 was different from the median of wrong answers in Group 2.
The effect size is given by the rank biserial correlation calculated in JASP. The data
(Table 17.2) shows that we cannot reject the null hypothesis (p > 0.05).

Since Mini-Game 1 and Mini-Game 2 in both the control group and the ASD
groupwere played by different children, we used the non-parametricMann–Whitney
U Test for independent samples with alternative hypotheses. Again, the median of
wrong answers in Mini-Game 1 was different from the median of wrong answers in
Mini-Game 2.

The data (Tables 17.3 and 17.4) shows that we cannot reject the null hypothesis
for the equality of medians in both groups (control and ASD). We assume that the
number ofwrong answers during the playing ofMini-Game 1 is similar to the number
of wrong answers during the playing of Mini-Game 2 in both groups.

Although the second game was more complicated than the first game, there was
no statistically significant difference in both groups in terms of errors in the first and
second game. There were no statistically significant differences between the number
of errors in the control and ASD groups.

If the children from the ASD group, who played more than one game, are consid-
ered as separate cases, their progress can be highlighted. For example, kid30, who
made 16 mistakes in Mini-Game 1 and listened to the questions eight times, had an
average of 3.43 mistakes and four listening attempts in Mini-Game 2 and an average

Table 17.2 Independent samples Mann–Whitney U test

W p Rank-Biserial Correlation

Wrong answers for Mini-Game 1 28.50 0.18 – 0.37

Wrong answers for Mini-Game 2 123.50 0.65 – 0.09

Note For the Mann–Whitney test, effect size is given by the rank biserial correlation

Table 17.3 Independent
Samples Mann–Whitney U
test Group 1

W p Rank-Biserial
Correlation

Wrong answers for
Game 1

73.50 0.58 – 0.13

Note For the Mann–Whitney test, effect size is given by the rank
biserial correlation
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Table 17.4 Independent
Samples Mann–Whitney U
test Group 2

W p Rank-Biserial
Correlation

Wrong answers for
Game 2

86.50 0.50 0.18

Note For the Mann–Whitney test, effect size is given by the rank
biserial correlation

of one mistake in Mini-Game 5. We can probably assume that despite the gradual
complication of the games, the child has an increasing number of correct answers
and no additional listening attempts to the tasks in the games. Kid33 had an average
of 11 errors and nine additional listening attempts in Mini-Game 2 and nine errors
and two additional listening attempts in Mini-Game 5.

The qualitative analysis of parental feedback was done for the children in groups
1 and 2 who played at least one of the seven mini-games. Group 1 contained 26
participants aged between five and eight years who were predominantly girls (20
girls and 6 boys), and Group 2 contained 14 participants aged between five and eight
years who were predominantly boys.

The questions were asked of the parents by phone. They were developed based
on similar surveys [34] and were aimed at the usability of the games, the child’s
participation and interest in the game, entertainment, and the need for educational
games. The first group of questions was focused on the parents’ impression of the
children’s behavior during the game and the second part, on their personal impression
of the game.

The parents’ feedback can be summarized as follows:

Group I (Table 17.5).

Table 17.5 Group 1 parents’ feedback

Feedback shared by the parents No. of parents %*

Child’s participation

The child enjoys the game and asks for more such examples 8 31

The child finds the game interesting 5 19

The child likes the game 7 27

The child is not interested at all 3 12

Personal opinion

I do not find it useful 3 12

I find it instructive 2 8

I find it attractive and useful 12 46

I need more games like this 5 19

* The percentages do not add up to a hundred, as some parents did not share a clear position or
gave more than one answer
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Table 17.6 Group 2 parents’ feedback

Feedback shared by the parents No. of parents %*

Child’s participation

The child plays the game as required but makes many mistakes 3 21

The child is not able to finish the game 6 43

The child likes the game 2 14

The child is not interested at all 3 21

Personal opinion

I do not find it useful 1 7

I find it instructive 6 43

I find it attractive and useful 8 57

I need more games like this 6 43

* The percentages do not add up to a hundred, as some parents did not share a clear position or
gave more than one answer

Group II (Table 17.6).
The parents in Group 2 frequently raised concerns about the flexibility in defining

“emotion” and the meaning of “emoticon.” Many participants commented that the
instructions must be simple, and children had difficulty understanding the tasks.

17.4 Conclusions

The development of social skills and emotional intelligence can be enhanced and
improved in both typically developing children and children with ASD through the
application of educational computer games. A factor of basic importance in commu-
nication and the establishment of social relations is the understanding of emotions as
a third component of the ability EI model. Understanding emotions through pictures
is closely related to children’s inclusion in social situations. This enables children to
focus on the feelings of others and the situations that relate to them.

Through the use of educational computer games, the child is given the opportunity
to explore a variety of visual social situations and compare various emotions in
different settings to hear emotions described and seek to find their corresponding
adapted images that carry related information.

The fact that children with ASD do not know the meanings of words and have
difficulty naming emotions but at the same time maintain their attention on the
game, means that the game can have a positive effect on the recognition and learning
emotions. These exercises can help children with ASD to develop better social skills.

The skill of understanding others’ emotions can be developed through multiple
repetitions, providing right/wrong options, and combining visual and audio percep-
tion. There are certain implied rules that have to be observed when working with
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children with ASD, namely focusing on a specific educational target, combining
voice instruction with audio representation, using clear and unambiguous words,
short phrases, and time lapses between instructions, combining target situational
pictures as well as pictures of people and adapted ones. All these rules have been
carefully taken into consideration and observed in the development of the games.
Thus, we believe that this type of educational game can be used successfully in
improving the understanding of emotions in children with difficulties to develop
their social functioning.
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