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Foreword

For over a decade, the mission of KES International has been to provide a pro-
fessional community, networking and publication opportunities for all those who
work in knowledge-intensive subjects. At KES, we are passionate about the dis-
semination, transfer, sharing and brokerage of knowledge. The KES community
consists of several thousand experts, scientists, academics, engineers, students and
practitioners who participate in KES activities.

KES Conferences

For nearly 20 years, KES has run conferences in different countries of the world on
leading edge topics:

• Intelligent Systems: including Intelligent Decision Technologies, Intelligent
Interactive Multimedia Systems and Services, Agent and Multi-Agent Systems
and Smart Education and e-Learning.

• Sustainable Technology: including Sustainability in Energy and Buildings,
Smart Energy and Sustainable Design and Manufacturing.

• Innovation, Knowledge Transfer, Enterprise and Entrepreneurship: including
Innovation and Knowledge Transfer and Innovation in Medicine and Healthcare.

• Digital Media: including Archiving Tomorrow and Innovation in Music.

KES Journals

KES edits a range of journals and serials on knowledge-intensive subjects:

• International Journal of Knowledge Based and Intelligent Engineering Systems.
• Intelligent Decision Technologies: an International Journal.
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• InImpact: the Journal of Innovation Impact.
• Sustainability in Energy and Buildings: Research Advances.
• Advances in Smart Systems Research.

Book Series

KES edits the Springer book series on Smart Innovation, Systems and
Technologies. The series accepts conference proceedings, edited books and
research monographs. KES Transactions (published by Future Technology Press) is
a book series containing the results of applied and theoretical research on a range of
leading edge topics. Papers contained in KES Transactions may also appear in the
KES Open Access Library (KOALA), our own online gold standard open access
publishing platform.

Training and Short Courses

KES can provide live and online training courses on all the topics in its portfolio.
KES has good relationships with leading universities and academics around the
world and can harness these to provide excellent personal development and training
courses.

Dissemination of Research Project Results

It is essential for research groups to communicate the outcomes of their research to
those that can make use of them. But academics do not want to run their own
conferences. KES has specialists and knowledge of how to run a conference to
disseminate research results. Or a research project workshop can be run alongside a
conference to increase dissemination to an even wider audience.

The KES-IKT Knowledge Alliance

KES works in partnership with the Institute of Knowledge Transfer (IKT), the sole
accredited body dedicated to supporting and promoting the knowledge professional:
those individuals involved in innovation, enterprise, and the transfer, sharing and
exchange of knowledge. The IKT accredits the quality of innovation and knowledge
transfer processes, practices activities, and training providers, and the professional
status of its members.
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About KES International

Formed in 2001, KES is an independent worldwide knowledge academy involving
about 5,000 professionals, engineers, academics, students and managers, operated
on a not-for-profit basis, from a base in the UK. A number of universities around
the world contribute to its organisation, operation and academic activities. KES
International Operations Ltd is a company limited by guarantee that services the
KES International organisation.

Robert J. Howlett
Lakhmi C. Jain
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Preface

Smart University is an emerging and rapidly growing area that represents a creative
integration of smart technologies, smart features, smart software and hardware
systems, smart pedagogy, smart curricula, smart learning and academic analytics,
and various branches of computer science and computer engineering.

This is the main reason that in June of 2013, a group of enthusiastic and
visionary scholars from all over the world arrived with the idea to organise a new
professional event and community that would provide an excellent opportunity for
faculty, scholars, Ph.D. students, administrators and practitioners to propose and
evaluate innovative ideas and approaches, collaborate on design and development
of new systems and technologies, and discuss findings and outcomes of research,
development, case studies and best practices in Smart Education, Smart e-Learning,
Smart University and related areas.

The research, design and development topics of our interest in those areas
include but are not limited to (1) conceptual modelling of Smart Education, Smart
e-Learning, Smart Universities, Smart Campuses, Smart Analytics; (2) infrastruc-
ture, main characteristics, functions and features of Smart Universities, Smart
Campuses and Smart Classrooms; (3) Smart University-wide software, hardware,
security, safety, communication, collaboration and management systems; (4) Smart
Education and Smart e-Learning strategies, approaches and environments;
(5) Smart Pedagogy; (6) Smart Learning Analytics and Smart Academic Analytics;
(7) modelling of Smart Student/Learner and Smart Faculty; (8) assessment and
quality assurance in Smart Education and Smart e-Learning; (9) professional
development in Smart Education and Smart e-Learning; (10) social, cultural and
ethical dimensions and challenges of Smart Education; and (11) educational
applications of various innovative smart technologies such as Internet of Things,
cloud computing, ambient intelligence, smart agents, sensors, wireless sensor net-
works and context awareness technology, and numerous other topics.

Since that initial meeting in 2013, the following books were published as the
logical outcomes of a mutually beneficial collaboration between experts in Smart
Education, Smart e-Learning, Smart University areas and the KES International
professional association, including (1) Neves-Silva, R., Tshirintzis, G., Uskov, V.,
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Howlett, R., Lakhmi, J. (Eds). Smart Digital Futures, IOS Press, Amsterdam, The
Netherlands (2014); (2) Uskov, V.L., Howlett, R.J., Jain, L.C. (Eds). Smart
Education and Smart e-Learning, Springer, Heidelberg, Germany (2015);
(3) Uskov, V.L., Howlett, R.J., Jain, L.C. (Eds). Smart Education and e-Learning
2016, Springer, Heidelberg, Germany (2016); and (4) Uskov, V.L., Howlett, R.J.,
Jain, L.C. (Eds). Smart Education and e-Learning 2017, Springer, Heidelberg,
Germany (in print). Those publications contain top quality contributions by indi-
vidual researchers and research teams in Smart Education, Smart e-Learning, and
Smart University areas.

This book serves as one more excellent example of fruitful collaboration within
organised professional community of specialists in the Smart University area. It
contains peer-reviewed contributions from researchers from nine countries including
USA, UK, Australia, Japan, Russia, China, Norway, Romania and Denmark. Those
contributions cover various topics such as conceptual modelling of Smart
Universities, software systems and technologies for Smart Universities, software
systems for students with disabilities at Smart Universities, best practices of building
smarter college/university and Smart Campus, innovative approaches to and best
practices of Smart Education, Smart Learning, long-life learning and professional
development.

It is our sincere hope that this book will serve as a useful source of valuable data
and information about current research and developments, and provide a solid
foundation for further progress in Smart University, Smart Education, Smart
e-Learning and related areas.

Peoria, USA Prof. Vladimir L. Uskov, Ph.D.
Peoria, USA Prof. Jeffrey P. Bakken, Ph.D.
Shoreham-by-sea, UK Prof. Robert J. Howlett, Ph.D.
Canberra, Australia Prof. Lakhmi C. Jain, Ph.D.
May 2017
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Chapter 1
Innovations in Smart Universities

Vladimir L. Uskov, Jeffrey P. Bakken, Robert J. Howlett
and Lakhmi C. Jain

Abstract This chapter provides a brief overview of current innovative research in
Smart Universities area, including projects on smart technologies, software/hardware
systems for Smart Classrooms, and Smart Pedagogy.

Keywords Smart university � Smart technology � Smart systems � Smart pedagogy

1.1 Introduction

Fast proliferation of smart phones, smart devices, smart systems, and smart tech-
nologies provides academic institutions, students, faculty, professional staff, and
administration with enormous opportunities in terms of new highly technological
approaches to increase the quality of teaching strategies and learning outcomes. In
addition, these technological advances provide remarkably effective management
and administration of the main functions and services of colleges/universities.
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The concept of a ‘Smart University’ is an emerging and fast evolving area that
represents the creative integration of innovative concepts, smart software and
hardware systems, Smart Classrooms with state-of-the-art technologies and tech-
nical platforms, Smart Pedagogy based on modern teaching and learning strategies,
Smart Learning Analytics and academic analytics, and various branches of com-
puter science and computer engineering. The papers presented at the KES annual
international conferences [1–4] on Smart Education and e-Learning (http://www.
kesinternational.org/) clearly show that, in the near future, Smart University con-
cepts, Smart Classrooms, and Smart Pedagogy will be actively deployed and used
by leading academic institutions and training organizations around the world.

As Albert Einstein said, “We cannot solve our problems with the same thinking
we used when we created them”. We need to develop new conceptual models and
identify unique features, systems and technologies for the next level of university’s
evolution—a Smart University. This is probably the main reason that multiple
researchers and research teams around the world are actively working on the design,
development, testing, and implementation of various innovative smart technologies,
software and hardware systems, and smart devices on their university campuses,
providing the ability for integration into the educational processes utilized. For
example, research projects on applications of smart technology in Smart
Classrooms and on Smart Universities campuses mainly focus on
(1) Internet-of-Things technology, (2) cloud computing technology, (3) Radio
Frequency Identification (RFID) technology, (4) ambient intelligence technology,
(5) smart agents technology, (6) augmented and virtual reality technology, (7) re-
mote (virtual) labs, (8) location and situation awareness technologies (indoor and
outdoor), (9) Wireless Sensor Networking (WSN) technology, (10) sensor tech-
nology (motion, temperature, light, humidity, etc.), as well as many other types of
emerging and advanced technologies.

The current design and development projects aimed to provide advanced
software/hardware systems for Smart Classrooms usually are focused on systems of
the following types: (1) Smart Learning/Teaching Analytics (big data analytics)
systems, (2) serious games and systems for gamification of learning/training pro-
cess, (3) context (situation) awareness systems (including geographic location
awareness, learning context awareness, security/safety awareness systems), (4) au-
tomatic translation systems (from/to English language), (5) speaker/instructor
tracking—smart cameraman—systems (in the Smart Classroom), (6) conferencing
systems for smooth one-to-many and many-to-many audio/video
interaction/communication/collaboration between local/in-classroom and
remote/online students/learners, (7) gesture/emotion/activity recognition systems,
(8) face recognition systems, (9) intelligent cyber-physical worlds’ systems (for
safety and security in buildings and on campus), (10) smart software agents and
smart robotics, as well as other advanced software systems [5].

Most of the current research projects being done in the area of Smart Pedagogy
are focused on various innovative technology-based student-centered learning and
teaching approaches such as (1) learning-by-doing (including active use of virtual
labs), (2) collaborative learning, (3) adaptive teaching, (4) serious games- and
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gamification-based learning, (5) flipped classrooms, (6) learning analytics and
academic analytics, (7) context-based learning, (8) e-books, (9) personal enquiry
based learning, (10) crossover learning, and other innovative strategies.

Despite the fact that multiple publications are available on the above-mentioned
topics (most of those publications are listed in the References sections of chapters
below, including references [6–8] of this chapter), we were not able to locate any
published books on the topic of Smart Universities. As a result, we arrived with the
idea that there should be a book with a well-thought collection of contributions—a
book that covers concepts, models, smartness levels, features, components, sys-
tems, and technologies to be used by smart academic institutions. This is the main
reason that we initiated the development of this pioneering book in the area of
Smart Universities.

1.2 Chapters of the Book

This book includes 13 chapters grouped into 4 separate parts: Part 1—Smart
Universities: Literature Review and Creative Analysis, Part 2—Smart Universities:
Concepts, Systems and Technologies, Part 3—Smart Education: Approaches and
Best Practices, and Part 4—Smart Universities: Smart Long Life Learning. A brief
description of those chapters, each of which is a peer-reviewed contribution presented
by various international research, design, and development teams, is given below.

Chapter 2 presents the outcomes of a systematic literature review and creative
analysis of professional publications available in Smart Universities and related
areas. The performed systematic creative analysis proved to be a useful approach to
identify and briefly compare various professional publications with a wide range of
proposed ideas and approaches, developed technical platforms, software and
hardware systems, introduced smartness levels, best practices, etc. for Smart
Universities. This could potentially help administrators, faculty, and professional
staff at traditional universities to understand, identify, and evaluate various potential
paths for a transformation of their university into a Smart University. This chapter
describes the proposed and developed Smart Maturity Model for Smart Universities
—a model that can be viewed broadly as Smart University level-by-level “smart-
ness” evolution and improvement of its main functions.

Chapter 3 presents a comprehensive approach to conceptual modeling of Smart
Universities. It is based on the modeling of smartness levels, smart software and
hardware systems, smart technology, Smart Pedagogy, and several other distinctive
features and components of a smart university. The obtained research findings and
outcomes clearly show that main distinctive features, components, technologies and
systems of a Smart University go well beyond those in a traditional university with
predominantly face-to-face learning activities. This can be seen through examples
such as the recommendation of multiple types of software systems for deployment
at Smart Universities and in Smart Classrooms. Particularly, this chapter presents
information about 100 + analyzed software systems that can support various
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activities at a smart university; it also provides recommendations for specific
software systems that could benefit both faculty and students at a smart university.

Chapter 4 discusses one of the most distinctive features of a smart university.
This is its ability of adaptation to and smooth accommodation of special students,
i.e. students with various types of disabilities including physical, visual, hearing,
speech, cognitive, and other types of impairments. This chapter presents the out-
comes of systematic identification, analysis, and testing of available open source
and commercial text-to-voice, voice-to-text, and gesture recognition software sys-
tems. These systems could significantly benefit students with disabilities attending a
smart university. Particularly, this chapter presents information about 70 analyzed
software systems and provides recommendations for text-to-voice, voice-to-text,
and gesture recognition software systems for possible implementation at a smart
university.

Chapter 5 describes an excellent practice to build a smarter college. This is a
practical approach used by National Institute of Technology, Gifu College (NIT,
Gifu College). The main idea is that, in a smarter college, various components
should be interconnected to achieve the college’s most effective functioning. These
include hardware, software, systems, faculty development, information sharing, and
institutional policies such as admission policy, curriculum policy, and diploma
policy. The presented Active Learning practice at NIT, Gifu College is character-
ized by intensive use of educational systems, information and communication
technologies, and equipment. From this point of view, Active Learning, as devel-
oped at NIT, Gifu College, has almost the same meaning as smart education.

Chapter 6 provides a brief overview of several modern technologies that
emerged in the last few years, including Big Data, Internet of Things (IoT), Future
Internet, and Crowdsourcing. A smart university could potentially be a proper place
where all of these technologies could be examined and applied continuously as a
sustainable evolution. Based on the performed analysis done of software systems
and related aspects of this evolution, this chapter presents an open architecture for
easily extensible services. These services are responsible for providing the users
with value-added information; as a result, it is expected that they will increase the
smartness level of university campus. Particularly, three directions were investi-
gated for this reason: IoT to involve sensing, cloud computing and ubiquitous
computing to make services available everywhere, and the transformation of service
consumers to content generators or data producers and/or developers for new data
source connections. Additionally, Big Data is considered as a forthcoming addition
to these designated technologies to enhance the analytical capabilities of smart
communities.

Chapter 7 introduces a novel framework for a smart virtual university hospital.
The experiences to develop and test the solutions for training interprofessional team
communication and collaboration are also described. The main premise behind this
approach is that establishing a smart virtual university hospital mirroring a real life
hospital can prepare students for direct patient contact such as practice placement
and clinical rotation. This could optimize and sometimes also increase students’
time on task. Additionally, such a virtual arena will support student learning by
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providing adaptive and flexible solutions for practicing a variety of clinical situa-
tions at the students’ own pace. Based on multiple performed experiments and
observed practices of student groups—medicine and nursing students, who worked
in groups with the clinical scenarios in a virtual hospital using desktop PCs alone
and with virtual reality goggles—it may be concluded that a smart virtual university
hospital could be a feasible alternative for collaborative interprofessional learning.

Chapter 8 introduces an advanced approach to make mathematical education
smarter on the basis of applying various information and communications tech-
nologies to mathematical education. It presents a developed innovative educational
system—EdLeTS system—to support practical components of mathematical clas-
ses in various aspects. The distinctive features of this systems, such as support of
personalization of education, the system’s availability “at any time and from any-
where”, and self-learning mode, are aimed at resolving some of the identified
problems in math education.

Chapter 9 presents another progressive approach to make education smarter. In
this case, it is based on a developed modular framework and an accompanying
spiral design process that facilitates the design, development, and continued
improvement of smarter serious games. The implementation of this framework has
been systematically explored through an evolving serious game developed using the
framework, which is a game focused on teaching precalculus at the college level.

Chapter 10 studies a challenging topic—the individual completion of pro-
gramming exercises at higher education institutions. The problem is that, while
some students can easily solve the programming problems independently, there are
still many students who require a lot of additional time and/or efforts to solve the
assigned programming problems. This chapter, in general, is focused on making
initial computer science education smarter by developing a smart educational
environment and by supporting instructors and teaching assistants in their provision
of smart pedagogy for students. Particularly, this chapter presents the proposed
novel support functions utilized to assess the learning conditions of a programming
practicum. The goal of these functions is to reduce the burden on instructors by
supporting the assessment of learning conditions in order to improve the quality of
instruction.

Chapter 11 discusses the aspects of Smart Life-Long Education and continuous
professional development. The developed approach is based on the idea that a smart
university may facilitate self-regulated learning of learners through the introduction
of a personal development e-Portfolio. This assists learners in planning their pro-
fessional development path and reflecting upon their own learning outcomes. An
implementation of the developed approach in the City University of Hong Kong
shows a model combining training content in massive online open courses with
clearly specified intended learning outcomes. This, combined with
competence-based definitions and personalized training portfolios, may help pro-
fessionals fulfill their continuous professional development and training
requirements.

Chapter 12 describes an interesting case study of introducing smart technologies
and approaches into the educational process at a traditional polytechnic university.
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Particularly, it examines several techniques aimed at enhancing student motivation
in terms of independent work and in relation to independent and lifelong learning.
The following techniques are considered in this chapter: a “role reversal”
methodology of education, e-learning and blended learning, involving the profes-
sional community into the educational process, and professional training in English.
The applications of several innovative and smart techniques, such as training ses-
sions, group teaching methods, role-playgames, the use of smart components, etc.,
are analyzed and tested with students majoring in Power Engineering. The chapter
provides a lot of statistical data and findings relevant to this interesting case study.

Chapter 13 focuses on the meeting of Constructivism (as a learning theory) and
Smart Learning. This, in turn, theorizes the idea of Smart Constructivist Learningwith
applications in smart learning environments. Relying on the phenomena of “meaning
construction” and “meaningful understanding production” in the framework of smart
constructivism, this chapter is focused on the analysis of Smart Constructivist
Knowledge Building and analysis of Learning-and-Constructing-Together as a smart
constructivistmodel. It is expected that the presented theory andmodels could support
the development of innovative smart learning strategies.

1.3 Concluding Remarks

We believe this book will serve as a useful source of research data and findings,
design and development outcomes, best practices, and case studies for those
interested in the rapidly growing area of Smart Universities, including faculty,
scholars, Ph.D. students, administrators, and practitioners. It is our sincere hope that
this book will provide a foundation of further progress and inspiration for research
projects and advanced developments in the area of Smart Universities.
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Chapter 2
Smart University: Literature Review
and Creative Analysis

Colleen Heinemann and Vladimir L. Uskov

Abstract Research, design, and development of smart universities, smart education,
smart classrooms, smart learning environments, smart pedagogy, smart learning and
academic analytics, and related topics became the main themes of various pioneering
international and national events and projects, governmental and corporate initia-
tives, institutional agendas, and strategic plans. This paper presents the outcomes of
an ongoing project aimed at a systematic literature review and creative analysis of
professional publications available in those areas. The premise is that the outcomes of
the performed systematic creative analysis will enable researchers to identify the most
effective and well-thought ideas, approaches, developed software and hardware
systems, technical platforms, smart features and smartness levels, and best practices
for the next evolutionary generation of a university—a smart university. The pre-
sented Smart Maturity Model can be viewed as an evolutionary approach for a
traditional university to progress to various levels of maturity of smart university.

Keywords Smart university � Literature review � Systematic approach � Creative
analysis

2.1 Introduction

In several recent years, the ideas of smart education (SmE), smart university (SmU),
smart classroom (SmC), smart learning environments (SLE), and related topics
became the main themes of various pioneering international and national events and
projects, governmental and corporate initiatives, institutional agendas, and strategic
plans.
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The KES International professional organization organizes annual conferences
on Smart Education and e-Learning, beginning in 2014 [1]. The first annual
international conference on Smart Learning Environments (ICSLE) was also held in
2014 [2]. Additionally, the Springer open international journal on Smart Learning
Environments was launched in 2014 [3].

One of the most well-known national initiatives in SmE area is the Smart
Education Initiative (SEI) in South Korea. “Smart education has been a topic of
conversation in all Korean schools since June 29, 2011 when the Korean govern-
ment announced its smart education initiative. … First, smart education calls for a
new pedagogy. That is, the new pedagogy should not just deal with letters and
numbers but also address sounds and images together with all other types of
multimedia. Second, teachers and students as workforce have the same importance
in classrooms. Third, a resource-enriched learning environment will be imple-
mented in the form of content cloud where teachers and students can freely and
safely upload and download open educational resources and content together” [4].
In general, it presents a paradigm shift from traditional education to SMART
Education, that is an abbreviation of Self-directed, Motivated, Adaptive, Resource
enriched, Technology embedded education (Fig. 2.1) [5].

“The IBM company has created the Smarter Educational Framework to
demonstrate how it works in partnership with clients to support and enable—
through the use of technology—smarter education establishments, making them

Fig. 2.1 Paradigm shift from traditional education to SMART education [5]
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more efficient, productive and competitive. … Smarter education drives sustainable
performance improvement by leveraging information to make better decisions,
anticipate problems and resolve them proactively, and coordinate resources to
operate effectively” (Fig. 2.2) [6].

The Smart School solution by the Samsung company has three core components:
(1) the interactive management solution, (2) the learning management system, and
(3) the student information system. Its multiple unique features and functions are
targeted at smart school impact on education and benefits, including (1) increased
interactivity, (2) personalized learning, (3) efficient classroom management, and
(4) better student monitoring [7].

2.2 Literature Review: a Classic Approach

Recently, various creative researchers and developers began presenting their visions
of SmU, SmC, SmE, SLE, smart campus, smart teacher, smart pedagogy, etc.; a
brief summary of several remarkable publications on those topics—a classic liter-
ature review—is given below.

Smart University. Tikhomirov in [8] presented his vision of smart education as
follows: “Smart University is a concept that involves a comprehensive modern-
ization of all educational processes. … The smart education is able to provide a

Fig. 2.2 IBM Smarter Educational Framework [6]
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new university, where a set of ICT and faculty leads to an entirely new quality of
the processes and outcomes of the educational, research, commercial and other
university activities. … The concept of Smart in education area entails the emer-
gence of technologies such as smart boards, smart screens and wireless Internet
access from everywhere”.

Smart Learning Environments. Hwang [9] presented a concept of smart
learning environments “… that can be regarded as the technology-supported
learning environments that make adaptations and provide appropriate support (e.g.,
guidance, feedback, hints or tools) in the right places and at the right time based on
individual learners’ needs, which might be determined via analyzing their learning
behaviors, performance and the online and real-world contexts in which they are
situated. … (1) A smart learning environment is context-aware; that is, the learner’s
situation or the contexts of the real-world environment in which the learner is
located are sensed… (2) A smart learning environment is able to offer instant and
adaptive support to learners by immediate analyses of the needs of individual
learners from different perspectives… (3) A smart learning environment is able to
adapt the user interface (i.e., the ways of presenting information) and the subject
contents to meet the personal factors (e.g., learning styles and preferences) and
learning status (e.g., learning performance) of individual learners”.

Smart Education. IBM [10] defines smart education as follows: “A smart,
multi-disciplinary student-centric education system—linked across schools, tertiary
institutions and workforce training, using: (1) adaptive learning programs and
learning portfolios for students, (2) collaborative technologies and digital learning
resources for teachers and students, (3) computerized administration, monitoring
and reporting to keep teachers in the classroom, (4) better information on our
learners, (5) online learning resources for students everywhere”.

Cocoli et al. [11] describes smart education as follows: “Education in a smart
environment supported by smart technologies, making use of smart tools and smart
devices, can be considered smart education….. In this respect, we observe that
novel technologies have been widely adopted in schools and especially in uni-
versities, which, in many cases, exploit cloud and grid computing, Next Generation
Network (NGN) services and portable devices, with advanced applications in
highly interactive frameworks … smart education is just the upper layer, though the
most visible one, and other aspects must be considered such as: (1) communication;
(2) social interaction; (3) transport; (4) management (administration and courses);
(5) wellness (safety and health); (6) governance; (7) energy management; (8) data
storage and delivery; (9) knowledge sharing; (10) IT infrastructure”.

Smart Campus. Kwok [12] defines intelligent campus (i-campus) as “… a new
paradigm of thinking pertaining to a holistic intelligent campus environment which
encompasses at least, but not limited to, several themes of campus intelligence, such
as holistic e-learning, social networking and communications for work collabora-
tion, green and ICT sustainability with intelligent sensor management systems,
protective and preventative health care, smart building management with automated
security control and surveillance, and visible campus governance and reporting”.

14 C. Heinemann and V.L. Uskov



Xiao [13] envisions smart campus as follows: “Smart campus is the outcome of
the application of integrating the cloud computing and the internet of things. …The
application framework of smart campus is a combination of IoT and cloud com-
puting based on the high performance computing and internet”.

Smart Teachers. Abueyalaman [14] argues that “A smart campus depends on
an overarching strategy involving people, facilities, and ongoing faculty support as
well as effective use of technology…. A smart campus deploys smart teachers and
gives them smart tools and ongoing support to do their jobs while assessing their
pedagogical effectiveness using smart evaluation forms”.

Smart Learning Communities. Adamko et al. [15] describe features of smart
learning community applications as follows: “… the requirements of the smart
community applications are the following: (1) sensible—the environment is sensed
by sensors; (2) connectable—networking devices bring the sensing information to
the web; (3) accessible—the information is published on the web, and accessible to
the users; (4) ubiquitous—the users can get access to the information through the
web, but more importantly in mobile any time and any place; (5) sociable—a user
can publish the information through his social network; (6) sharable—not just the
data, but the object itself must be accessible and addressable; (7) visible/augmented
—make the hidden information seen by retrofitting the physical environment”.

Smart Classrooms. A detailed overview of first generation smart classrooms
and requirements for second-generation smart classrooms is available in [16]. For
example, Huang et al. in [17] proposed “… a SMART model of smart classroom
which characterized by showing, manageable, accessible, interactive and testing. …
A smart classroom relates to the optimization of teaching content presentation,
convenient access of learning resources, deeply interactivity of teaching and
learning, contextual awareness and detection, classroom layout and management,
etc.” Pishva and Nishantha in [18] define a smart classroom as an intelligent
classroom for teachers involved in distant education that enables teachers to use a
real classroom type teaching approach to instruct distant students. “Smart class-
rooms integrate voice-recognition, computer-vision, and other technologies, col-
lectively referred to as intelligent agents, to provide a tele-education experience
similar to a traditional classroom experience” [18]. Glogoric et al. in [19] addressed
the potential of using Internet-of-Things (IoT) technology to build a smart class-
room. “Combining the IoT technology with social and behavioral analysis, an
ordinary classroom can be transformed into a smart classroom that actively listens
and analyzes voices, conversations, movements, behavior, etc., in order to reach a
conclusion about the lecturers’ presentation and listeners’ satisfaction” [19].

Our vision of the next generation SmC is based on the idea that SmC—as a
smart system—should implement and demonstrate significant maturity at various
“smartness” levels such as (1) adaptation, (2) sensing (awareness), (3) inferring
(logical reasoning), (4) self-learning, (5) anticipation, and (6) self-organization and
re-structuring. The components of an SmC include, but are not limited to,
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(a) hardware, smart devices, or equipment, (b) software systems, applications, and
smart technologies, (c) various activities related to smart learning and teaching or
Smart Pedagogy, and (d) systems for learning, teaching, and performing academic
analytics in SmC—Smart Analytics systems [16, 20].

The performed classic review of the above-mentioned, as well as 100 + addi-
tional publications and reports relevant to SmU, SmE, SmC, and SLE areas,
unfortunately, does not provide readers with a clear understanding of focus, scope,
and important details of analyzed publications. Moreover, the classic literature
review usually does not help readers to compare the proposed approaches, features,
smartness levels, and details in those publications. This was the main reason that we
proposed and used a systematic approach to literature review in SmU, SmE, SmC,
and SLE areas, using a developed framework as described below.

2.3 Literature Review: Creative Analysis Based
on Systematic Approach

In order to (a) overcome problems of a classic literature review approach and (b) be
able to compare various publications in SmU, SmE, SmC, SLE and related areas,
we developed a framework for systematic creative analysis of those publications. In
the general case, this framework may contain multiple sections (rubrics) that may
include, but are not limited to,

(1) general information about a publication (i.e. main topic or title of a publication,
list of authors, publisher, year of publication, reference number, etc.);

(2) main topic(s);
(3) proposed idea or approach and main details (as described by authors);
(4) identified list of main features (or, functions) that are relevant to SmU or SmE

concepts;
(5) identified smartness levels of SmU addressed by proposed approach, developed

framework or system, etc.

The outcomes of performed systematic creative analysis for 8 selected publi-
cations are presented in Tables 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7 and 2.8 below;
however, the outcomes for additional 13 examples are available in Tables 2.11,
2.12, 2.13, 2.14, 2.15, 2.16, 2.17, 2.18, 2.19, 2.20, 2.20, 2.21, 2.22 and 2.23 in
Appendix.
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2.3.1 Approaches to Develop Smart Universities

Table 2.1 A smart University using RFID technology [27]

Item Details

Main topic Smart university—technology

Approach used Smart university development approach is based on implementation
and active utilization of RFID technology to enhance varying aspects
such as employee/equipment tracking, security, etc.

Details “…present how emerging technology of RFID can be used for building
a smart university. … Several actors and assets should be tagged:
• Each employee will be tagged using smart employee card
• Each student will also be tagged having their unique ID i.e. roll
numbers

• Different office items will be tagged using RFID based labels
• Each office, classroom, lab will be assigned a unique ID that will be
stored in RFID reader unit

RFID reader units are placed at strategic places as follows:
• RFID reader unit will be placed next to the door of each room
• Reader unit will also be placed at the University entrance and exit
• University cafeteria and common rooms will be equipped with reader
node

• Labs and classrooms will also be having at-least one reader at the
entrance and exit” [27]

Identified features • Facial recognition system
• Intelligent cyber-physical systems (for safety and security)
• Location awareness technologies (indoor and outdoor)
• Gesture (activity) recognition systems
• Context (situation) awareness systems

Smartness levels
addressed

• Sensing—by technology specifically used for identification and
human sensing

• Anticipation—keeps track of location awareness and intelligent
cyber-physical systems for safety and security

Table 2.2 Smart University taxonomy: features, components, systems [20]

Item Details

Main topic Smart university—smartness levels, systems and technology, teaching
strategies

Approach used SmU development approach is based on the idea of next generation of
Smart Class-room systems that should significantly emphasize not only
software/hardware features but also “smart” features and functionality of
smart systems. Therefore, next generation of smart classrooms should
pay more attention to implementation of “smartness” maturity levels or
“intelligence” levels, and abilities of various smart technologies

(continued)
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Table 2.2 (continued)

Item Details

Details “The objectives of this project were to create a taxonomy of a smart
university … and identify SmU’s main (1) features, (2) components, and
(3) systems that go well beyond those in a traditional university with
predominantly face-to-face classes and learning activities. … The
premise is that to-be-developed SmU taxonomy will (1) enable us to
identify and predict most effective software, hardware, pedagogy,
teaching/learning activities, services, etc. for the next generation of a
university—smart university, and (2) help traditional universities to
understand, identify and evaluate paths for a transformation into a smart
university” [20]

Identified features Software systems to be deployed by SmU
• Web-lecturing systems (with video capturing and computer screen
capturing functions) for learning content development pre-class
activities

• Smart classroom in-class activities recording systems
• Smart cameraman software systems
• Systems for seamless collaborative learning (of both local and remote
students) in smart classroom and sharing learning content/documents

• Collaborative Web-based audio/video one-to-one and many-to-many
communication systems

• Systems to host, join, form and evaluate group discussions (including
both local and remote students)

• Systems to replay automatically recorded class activities and lectures
for post-class review and activities (by both local and remote students)

• Repositories of digital learning content and online (Web) resources,
learning portals

• Smart learning analytics and smart teaching analytics systems
• Speaker/instructor motion tracking systems
• Speech/voice recognition systems
• Speech-to-text systems
• Text-to-voice synthesis systems
• Face recognition systems
• Emotion recognition systems
• Gesture (activity) recognition systems
• Context (situation) awareness systems
• Automatic translation systems (from/to English language)
• Intelligent cyber-physical systems (for safety and security)
• Various smart software agents
• Power/light/HVAC consumption monitoring system(s)

Technologies to be deployed by SmU
• Internet-of-Things technology
• Cloud computing technology
• Web-lecturing technology
• Collaborative and communication technologies
• Ambient intelligence technology
• Smart agents technology
• Smart data visualization technology
• Augmented and virtual reality technology
• Computer gaming (serious gaming) technology
• Remote (virtual) labs
• 3D visualization technology

(continued)
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The outcomes of creative analysis of several other publications relevant to current
developments in smart universities are available in Tables 2.11, 2.12, 2.13 and 2.14
in Appendix.

Table 2.2 (continued)

Item Details

• Wireless sensor networking technology
• RFID (radio frequency identification) technology
• Location awareness technologies (indoor and outdoor)
• Sensor technology (motion, temperature, light, humidity, etc.)

Hardware systems to deployed by SmU
• Panoramic video cameras
• Ceiling-mounted projectors (in some cases, 3D projectors)
• SMART boards and/or interactive white boards
• Smart pointing devices
• Controlled and self-activated microphones and speakers
• Interconnected big screen monitors or TVs (“smart learning cave”)
• Interconnected laptops or desktop computers
• Smart card readers
• Biometric-based access control devices
• Robotic controllers and actuators

Smart curricula to be deployed by SmU
• Adaptive programs of study—major and minor programs,
concentration and certificate programs—with variable structures
adaptable to types of students/learners, smart pedagogy, etc.

• Adaptive courses, lessons and learning modules with variable
components and structure suitable for various types of teaching—
face-to-face, blended, online, types of students/learners, smart
pedagogy, etc.

Smart pedagogy to be deployed by SmU
• Learning-by-doing (including active use of virtual labs)
• Collaborative learning
• e-books
• Learning analytics
• Adaptive teaching
• Student-generated learning content
• Serious games- and gamification-based learning
• Flipped classroom
• Project-based learning
• Bring-Your-Own-Device
• Smart robots (robotics) based learning

Smartness levels
addressed

• Adaptation
• Sensing (awareness)
• Inferring (logical reasoning)
• Self-learning
• Anticipation
• Self-organization and restructuring
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2.3.2 Approaches to Develop Smart Campuses

Table 2.3 An ontology-based framework for model movement on a smart campus [26]

Item Details

Main topic Smart campus—concepts

Approach used Smart campus development approach is based on ontology-based
framework as a way to represent, analyze, and visualize human
mobility and movement, specifically when it relates to scheduling
activities

Details “This work introduces an ontology-based framework for modeling,
analyzing, and visualizing human movement associated with scheduled
activities through integrates semantic web technologies” [26]

Identified features • Smart learning/teaching analytics (big data analytics) systems
• 3D visualization technology
• Smart data visualization technology
• Speaker/instructor motion tracking systems

Smartness levels
addressed

• Sensing—by technology specifically used for modeling, analyzing,
and visualizing human movement

• Inferring—analyzing the information gathered through the sensors
and sensing systems

Table 2.4 Constructing smart campus based on cloud computing platform and internet of things
[31]

Item Details

Main topic Smart campus—technology

Approach used Smart campus development approach is based on a higher stage of
education information systems that connect everything through RFID
technology, sensors, and the Internet of Things technology

Details “…smart campus includes portal architecture, management and service,
smart management, infrastructure, etc. Smart campus system integrates
hardware device of digital school, and cloud storage as the means of
data storage is applied…” [31]

Identified features • Internet-of-Things technology
• Systems for seamless collaborative learning (of both local and remote
students) in smart classroom and shared learning content/documents

• Repositories of digital learning content and online (web) resources,
learning portals

Smartness levels
addressed

• Adaptation—of classroom model
• Sensing—by technology specifically used for identification
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The outcomes of creative analysis of several other publications relevant to current
developments in smart campuses are available in Tables 2.15, 2.16, 2.17 and 2.18
in Appendix.

2.3.3 Approaches to Develop Smart Learning Environments

The outcomes of creative analysis of an additional publication relevant to current
developments in smart learning environments are available in Table 2.19 in
Appendix.

Table 2.5 Conditions for effective smart learning environments [21]

Item Details

Main topic Smart learning environment—technology

Approach used SLE development approach is based on an idea of setting of a set of
varying levels of physical and digital locations through which a student
can learn through context awareness

Details “… Human Learning Interfaces (HLIs) that can facilitate the research
and development of SLEs…” [21]

Identified features • Augmented and virtual reality technology
• Various smart software agents
• Collaborative Web-based audio/visual one-to-one and many-to-many
communication systems

• Systems to host, join, form and evaluate group discussions (including
both local and remote students)

• Learning analytics

Smartness levels
addressed

• Adaptation—of learning methods and classroom models
• Self-learning—active use of innovative hardware such as
Web-lecturing systems
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2.3.4 Approaches to Develop Smart Classrooms

Table 2.6 Incorporating a smart classroom 2.0 Speech-Driven PowerPoint System (SDPPT) into
University teaching [34]

Item Details

Main topic Smart classroom—systems and technology

Approach used SMC development approach is based on idea of having a classroom
equipped with networked computers and audiovisual devices to allow
instructors to teach students in remote locations as well as physically in
the classroom

Details “The newly developed SDPPT system utilized voice recognition
technology to identify certain keywords as they were spoke and the
system then automatically responded by presenting the corresponding
PowerPoint slides on the overhead screen” [34]

Identified features • Face recognition system
• Repositories of digital learning content and online (web) resources,
learning portals

• Speech/voice recognition system
• Augmented and virtual reality technology
• SMART boards and/or interactive white boards
• Adaptive programs of study—major and minor programs,
concentration and certificate programs—with variable structures
adaptable to types of students/learners, smart pedagogy, etc.

• Systems to host, join, form and evaluate group discussions (including
both local and remote students)

Smartness levels
addressed

• Adaptation—of teaching style
• Sensing—by technology specifically used for identification and
sensing ability

• Inferring—based on Power Point systems information gathered

Table 2.7 The ontology of next generation smart classrooms [16]

Item Details

Main topic Smart classroom—smartness levels, systems and technology, teaching
strategies

Approach used SmC development approach is based on the idea of next generation of
Smart Class-room systems that should significantly emphasize not only
software/hardware features but also “smart” features and functionality
of smart systems. Therefore, next generation of smart classrooms
should pay more attention to implementation of “smartness” maturity
levels or “intelligence” levels, and abilities of various smart
technologies

(continued)
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Table 2.7 (continued)

Item Details

Details “… the next generation of smart classroom systems should significantly
emphasize not only software/hardware features but also “smart”
features and functionality of smart systems … Therefore, next
generation of smart classrooms should pay more attention to
implementation of “smartness” maturity levels and abilities of various
smart technologies. … The main goal of next generation smart
classroom systems is to demonstrate significant maturity at various
“smartness” levels, including (1) adaptation, (2) sensing (awareness),
(3) inferring (logical reasoning), (4) self-learning, (5) anticipation, and
(6) self-organizations and restructuring…” [16]

Identified features SmC hardware/equipment (with relevance to various types of users)
Common for entire SmC:
• Array of video cameras installed to capture main classroom activities,
movements, discussions, expressions, gestures, etc.

• Ceiling-mounted projector(s) with 1 or 2 big size screen to display
main activities in actual classroom; in some cases—3D projectors

• Student boards (big screen displays or TV) to display images of
remote/online students from different locations

• One or many (depending on class size, number of remote students,
learning needs and workload) hidden computer systems to actually
run the software and components of the Smart Classroom system

• Bluetooth and Internet enabled devices like cell phones, smart phones,
PDAs and laptops to facilitate communication and
information/data/notes exchange

• Network equipment (for example, Wi-Fi routers, zig bee transceivers,
infrared, RFID readers and tags) to facilitate authorization and other
forms of inter- device secure and reliable communication

• Access to the Internet (mobile Web)
• Wireless sensor network
• Sensors (location detection, voice detection, motion sensors, thermal
sensors, humidity, sensors for facial and voice recognition, etc.)

• Robotic controllers and actuators to perform functions like intensity
control, temperature control, movement, etc.

• Devices: context aware devices, virtual mouse, biometric based login
devices, automated zoom-in devices

• Controlled and self-activated microphones(s) for instructor and
students

• Various type of speakers
• Various types of lights
Specific for instructor:
• Instructor’s tablet PC (to write formulas, equations, run PPT
presentations, • video and audio clips, etc. in real time)

• Big size smart board (to write formulas, equations, etc. in real time)
• Document camera (connected to projector)
Specific for local (in-classroom) student/learner:
• Array of mobile devices: smart interconnected mobile devices—smart
phones, PDAs, laptops, smart headphones, etc.

• (In some cases only): 3D goggles
Specific for remote/online student/learner:
• Desktop or tablet PC or laptop with connected or built-in microphone,
speakers

• Access to the broadband Internet
(continued)
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Table 2.7 (continued)

Item Details

SmC software systems (with relevance to various types of users)
Common for entire SmC:
• Agent-based systems to enable various types of communication
between devices in the Smart Classroom system

• Learning management system (LMS) or access to university wide
LMS

• Advanced software for rich multimedia streaming, control and
processing

• Software systems to address needs of special students, for example,
visually impaired students (speech and gesture based
writing/editing/navigation and accessibility tools to facilitate reading
and understanding)

• Smart cameraman software (for panoramic cameras)
• Recognition software: face, voice, gesture
• Motion or hand motion stabilizing software
• Noise cancellation software
• Security system for a secure log-in and log-out of registered student
• Implementation of Internet-of-Things technology
• Implementation of elements of various emerging technologies (for
example, Smart Environments, Ambient Intelligence, Smart Agents)

Specific to instructor:
• Smart drawing tools (for example, Laser2cursor) for drawing on smart
boards, navigating and giving remote students floor to speak

• Situation and/or context aware analytical system (that may generate
hints and/or recommendations to instructor)

• Analytical systems to analyze and rank class performance and
outcomes

• Systems to analyze presence, attendance, etc.
Specific for local (in-classroom) student/learner:
• Smart notebook/laptop/tablet PC software
• Main office software applications
• Same view and smart view software Systems to analyze presence,
attendance, etc.

Specific for remote/online student/learner:
• Remote client programs to facilitate remote learning
• Main office software applications
• Software systems to analyze presence, attendance, etc.
SmC types of teaching/learning strategies to be deployed
Common for entire SmC:
• Smart classroom pedagogy (or, smart technology based teaching)
• Learning-by-doing
• Collaborative learning
• Project-based learning
• Advanced technology-based learning
• e-Learning pedagogy
• Games-based learning and pedagogy
• Flipped classroom pedagogy

Smartness levels
addressed

• Adaptation
• Sensing (awareness)
• Inferring (logical reasoning)
• Self-learning
• Anticipation
• Self-organizations and restructuring
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The outcomes of creative analysis of several other publications relevant to current
developments in smart classrooms are available in Tables 2.20, 2.21 and 2.22 in
Appendix.

2.3.5 Approaches to Develop Smart Education or Smart
Learning

Table 2.8 Smart approach to innovated education for 21st century [22]

Item Details

Main topic Smart education—concepts

Approach used SmE development is based on an educational concept that does not
simply rely on technological education, but is also self-directed,
motivated, adaptive, resource-enriched, as well as
technology-embedded education

Details “Why School Education Should be Innovated?
• Address desynchronization issues between students and education
systems

• Quality of education outcomes emerges a key issue
• New quality frameworks pay more attention to evidence-based
planning rather than examination-dominated assessment

• Education systems should be reformed to accommodate the behavior
and characteristics of digital native students: what, and how to
educate students

• Leveraging technology is vital factor to reform education system:
mobile network, Learning Analytics, OER, OCW, MOOCs, open
platforms.

• Schools and classrooms should be reformed to accommodate changes
in education environment: smart school, future schools, restructuring
classroom settings” [22]

Identified features • Flipped classroom teaching/learning strategy
• Repositories of digital learning content and online (web) resources,
learning portals

• Internet of Things technology
• RFID (radio frequency identification) technology
• System for seamless collaborative learning (of both local and remote
students) in smart classroom and shared learning content/documents

• E-Books
• Interconnected laptops or desktop computers

Smartness levels
addressed

• Adaptation—of classroom models
• Sensing—by technology specifically used for identification and
sensing ability

• Self-learning—active use of innovative hardware such as
Web-lecturing system
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2.4 Smartness Levels of Smart Universities

We believe that SmU as a smart system should significantly emphasize, not only
state-of-the-art software/hardware features, emerging technology and innovative
technical platforms, pioneering teaching and learning strategies, but also “smart”
features of smart systems [20]. Therefore, the designers of SmU should pay more
attention to the maturity of smart features of SmU that may occur on various levels
of SmU’s smartness, or smartness levels, such as adaptation, sensing, inferring,
self-learning, anticipation, and self-organization.

The performed creative analysis of designated publications enabled us to identify
sets of smartness levels addressed in those publications. These sets are presented in
Tables 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7 and 2.8 in Sect. 2.3 and also in Tables 2.11,
2.12, 2.13, 2.14, 2.15, 2.16, 2.17, 2.18, 2.19, 2.20, 2.20, 2.21, 2.22 and 2.23 in
Appendix. Additionally, we present a brief summary of examples of addressing
SmU smartness levels in various publications (Table 2.9).

Table 2.9 Context awareness systems for smart university: A list of most important features in
existing systems

Smartness level Target
audience

Details Ref. # or
our
analysis

Adaptation Students SmC should be able to adapt to various types of students,
for example, students with disabilities

[20]

Faculty and
students

The course content used by the faculty can be posted on
the website and content could be available to different
users in different formats, making it adaptable to every
user

[15]

Faculty Smart Pedagogy should help faculty with adaptation to
new style of learning and/or teaching (learning-by-doing,
flipped classrooms, etc.) and/or courses (MOOCs,
SPOCs, open education and/or life-long learning for
retirees, etc.)

[20]

Professional
staff

University network should be able to adapt to new
technical platforms and mobile devices (mobile
networking, tablets, mobile devices with iOS and
Android operating systems, etc.)

Our
analysis

(continued)
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Table 2.9 (continued)

Smartness level Target
audience

Details Ref. # or
our
analysis

Sensing Students and
faculty

One of the most sensible options is to integrate the
attendance monitoring and recording processes into an
existing access control system, thereby optimizing value
and minimizing cost, disruption, and system duplication

[23]

Faculty Local information services connect to the sensors and
provide their measurements to the instructor

[15]

Professional
staff

A single smart card solution can work both with wired
and wireless locks installed on secure storage receptacles
such as cabinets. This locks can be connected to the
building’s online access control system for near online
and near real-time control. Cards also can be used to
protect and monitor higher-value resources

[23]

University
administrators

The smart card can be used as a credit/debit card. This
allows the card to be used effectively in e-commerce
applications. Smart cards greatly improve the
convenience and security of any transaction

[27]

Inferring Students When a student enters a room, his unique ID is sent to
the control circuit and the central attendance server. The
person is identified and a log is made according to the
time and location. If the person identified has a valid ID,
the control circuit performs the room automation
function as described in its profile

[27]

Contactless smart card technology provides the necessary
security, not only to get through entrances, etc., but also
to make meal purchases, pay for laundry, printing,
copying, and additional campus services. Students can
check out books automatically, with all of their
information recorded and loaded into the student
database. This provides real-time information on the
status of overdue books

[23]

Faculty Faculty can use data pulled from sensors and devices to
sense that a student is not grasping a concept, a student is
bored, etc.

[23]

RFID technology provides faculty/instructors with access
to the labs and classrooms

[27]

Technical
staff

All lighting and parking systems at the university
become a part of the Internet of Things technology. The
smart campus system controls manage the lights,
intelligent parking assistance, etc.

[23]

University
administrators

The smart classroom’s ability to sense a student’s
gestures or facial expressions helps bolster the
university’s reputation because students can get help
from instructors on a more personal level to ensure that
everyone understands the material presented

[23]

University administrators can gather information
regarding where students spend their time, what they
purchase, etc. based on information gathered from the
student’s smart card in order to optimize the utilization of
the university

[26]

(continued)
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Table 2.9 (continued)

Smartness level Target
audience

Details Ref. # or
our
analysis

Anticipation Professional
staff

Issuing a smart ID card to all faculty, students, staff, and
visitors allows security departments and technical staff to
keep better tabs on what resources will be necessary and
how much of each will be necessary based on how many
people there are

[23]

Data regarding how many people are in a classroom, how
many parking spaces are available, etc. can be gathered
in order to plan ahead to let everyone know that the
parking lot is full, the classroom is full, etc.
RFID-enabled cards present the optimal solution for
planning for visitors, having resources ready, etc.

[27]

University
administrators

Access to data stored on the card allows the university
administrators to analyze the data and anticipate
necessary resources, funding, etc. for projects or classes

[27]

Seeing the data that tells where students spend their time,
what resources they use most, etc. allows university
administrators to anticipate what resources need to be
repurchased or reallocated

[23]

Enrollment Management System to predict, anticipate,
and control variations on student enrollment

[20]

Campus-wide Safety System (CSS) to anticipate,
recognize and act accordingly in case of various events
on campus

[20]

Learning Students Gesture recognition systems and facial recognition
systems can gather data regarding if a student
understands a concept or is having trouble with a
concept. This data can be interpreted by the system to
show what percentage of the time, for example, the
student is understanding the content

Our
analysis

Faculty The online repositories of resources can determine what
resources the students spend the most time with and
request that the instructor provide additional resources of
a similar nature. The collected data gives the ability to do
statistical investigation from a pedagogical point of view

[15]

Professional
staff

Based on how sensors are set up in the classroom or
building, it may take the system some time to learn
where other sensors are in order to develop the optimal
path for sending or receiving information

[27]

The databases are not only collecting large volumes of
data but are also learning to understand the relationships
between entities by mapping their connection to the
system

[15]

University
administrators

Learning from anonymous Opinion Mining System
(OMS)

[20]

Learning from different types of classes—MOOCs,
blended, online, SPOCs, etc.

[20]

(continued)
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2.5 Smart University: Smartness Maturity Model

The performed systematic creative analysis of publications in SmU, SmC, SmE, and
SLE areas clearly shows that various research, design, and development teams, as well
as colleges and universities, addressed different levels of college/university maturity as
a smart college/university. For example, one extreme case (SmU’s initial level of
maturity in terms of SmE) may deal with the following situation: a college/university
purchased a SMART board for a classroom and, therefore, may say that they already
developed or implemented smart education. The other case may be as follows: a
university already has multiple smart classrooms that are equipped with various soft-
ware and hardware systems to provide smart education and smart pedagogy; however,
that universitymay not have university-wide policies and strategies regarding SmE yet.

In order to recognize and classify the current status of SmE education devel-
opment in a college/university or status of evolution of a traditional university
towards SmU, we proposed and developed the Smart Maturity Model (SMM) for
SmU. This model was inspired by the CMMI (Capability Maturity Model
Integrated) model [43, 44] that is actively used in the software development
industry for improving the quality of software engineering process and final product
—software systems.

Definition. Smart Maturity Model is a methodology used to design, develop, and
continuously improve a smart university’s main business functions such as

Table 2.9 (continued)

Smartness level Target
audience

Details Ref. # or
our
analysis

Self-organization Students Sensors determine whether or not a student is in a
classroom, the lights are on, etc. and readjust
accordingly. This may need to be changed numerous
times depending on where students are or how long they
are there

Our
analysis

Faculty Automatic re-configuration of SmC systems,
performance parameters, sensors, actuators and features
in a smart classroom in accordance with instructor’s
profile

[20]

Faculty can walk around classrooms freely and allow
gesture recognition systems or motion detection systems
to reorganize and ensure that the instructor is always in
the camera view; it is done automatically

Our
analysis

Professional
staff

Automatic re-configuration of wireless sensor network
(WSN) because nodes may join or leave spontaneously
(i.e. evolving network typology), university-wide cloud
computing (with multiple clients and services), etc.

[20]

Sensors determine whether or not someone is in a
classroom, the lights are on, etc. and readjust accordingly

Our
analysis
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education, teaching, learning, research, services, enrollment, management, admin-
istration, control, security, safety, etc.

SMM broadly can be viewed as SmU evolution and/or improvement approach to
progress level-by-level from traditional university status to SmU status.

Levels. SMM defines 5 levels of university “smartness” maturity in terms of a
university’s readiness to implement SmE, create and actively use multiple SmC,
involve various types of faculty to learn and use innovative technology in teaching,
implement and use smart pedagogy, etc.

In terms of a university’s maturity of implementation and use of smart education
on campus, creation of smart classrooms, use of smart pedagogy, deployment and
use of smart technology, smart analytics on campus, etc., the SMM for SmU
(Fig. 2.3 and Table 2.10) uses the following levels of “smartness” maturity:
(1) initial level (lowest level of maturity), (2) repeatable level, (3) defined level,
(4) managed level, and (5) optimizing level (highest level of maturity). If a uni-
versity does not use smart devices or SMART board(s) in classrooms or smart
technologies and systems on campus at all, then this model assumes that the
“smartness” maturity level of that university in terms of SmE is equal to zero.

Fig. 2.3 The proposed smartness maturity model for SmU: level-based hierarchical structure
(inspired by CMM Irepresentation in [45])
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Table 2.10 The proposed Smartness Maturity Model for SmU: levels of “smartness” maturity
and examples

Level # and
name

Motto and types of
faculty/admins
involved

Examples of main activities relevant to
research, design and development of SmU,
SmE, SmC, SLE, Smart Pedagogy, Smart
Analytics, etc.

Examples (Ref. #)

1
Initial level
(lowest level of
maturity)

“Propose-and-test”
Faculty-innovators (2–
3% of faculty)

• Propose innovative ideas/approaches and
test them (for example, use of
interconnected mobile devices in
classrooms, or use of flipped classroom
learning strategy);

• Propose new type of learning activity and
test it in SmC (for example, perform
experiments with a joint work and
collaboration of in-classroom and
remote/online students when they work on
joint course project—collaborative
learning)

• Perform stand-alone experiments and
testing with smart devices in
teaching/learning (for example, use of a
single SMART Board in a classroom or use
of just one classroom on campus)

• Process testing data and get information
• Compare obtained outcomes with current
practices (for example, compare learning-
by-doing approach with learning-by-
listening approach in education)

[13, 14, 18, 19, 23,
25, 26, 30–33]

2
Repeatable
level

“Accumulate and
analyze”
Faculty-innovators and
early adopters
(13–15% of faculty)

• Repeat proposed and best practices for
different types if students/learners, in
different locations and setups, for different
majors (for example, use of the same smart
classroom by Computer Science majors
and Communication majors or creation of
multiple smart classrooms on campus)

• Measure and creatively analyze obtained
outcomes

• Generalize accumulated
experience/findings/outcomes/best
practices (internal and external), get
information, and make conclusions

• Identify user requirements for software,
hardware, technology, teaching and
learning styles, etc. (for example, faculty
requirements for teaching Programming
classes in a smart classroom for
in-classroom and remote/online student)

[2, 12, 15–17]

(continued)
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Based on our obtained experience in SmC and SmE, therelations between
(a) highly-technological SmE, SmC, and SLE (asinnovative technology-based
approaches to education) and (b) various types of college/university faculty may be
described by Roger’s “Diffusion of Innovation” typology (Fig. 2.4) [35]. As a
result, specific groups of faculty should be involved in SmE and SmC only on
designated levels of SMM to optimize the “cost-benefits” ratio.

Table 2.10 (continued)

Level # and
name

Motto and types of
faculty/admins
involved

Examples of main activities relevant to
research, design and development of SmU,
SmE, SmC, SLE, Smart Pedagogy, Smart
Analytics, etc.

Examples (Ref. #)

3
Defined level

“Develop and
implement standards”
Faculty-innovators,
early adopters and
early majority (about
30-35% of all faculty)
and mid-level
university
administrators

• Develop standards at SmU in terms of
smart education, smart teaching, smart
learning, smart pedagogy

• Identify standard sets of required software
and hardware systems, technology for
“standard’ smart classroom on campus

• Develop standards for smart education,
software and hardware systems and smart
technologies to be used by various types of
students (including students with
disabilities) and various types of faculty
(for example, faculty with different
background in SmE and experience)

• Create multiple SmC on campus, create
smart campus

• Create and implement faculty development
programs in SmE and SmC

[5, 22, 36]

4
Managed level

“Evaluate, control, and
manage”
All types of faculty,
including late majority
(30-35%) and laggards
(about 15%) and
upper-level university
administrators

• Develop university policies on SmE, smart
teaching, smart leaning, active use of SmC,
etc. for all types of faculty and students

• Identify well-defined quantitative indicators
of SmE effectiveness (including tangible
and intangible benefits)

• Active (if necessary—mandatory) faculty
development of all faculty groups in SmE,
smart pedagogy, SmC software and
hardware systems areas

5
Optimizing
level
(highest level
of maturity)

“Continuously evaluate
and optimize”
All types of faculty and
university
administrators

• Continuous evaluation of current SmE
outcomes, smart teaching, smart learning,
smart pedagogy, etc. and continuous
comparative “expected vs actual outcomes”
analysis

• Causal analysis and resolution, correction
and/or optimization of identified
drawbacks or weaknesses

• Continuous implementations of new
well-tested systems, hardware,
technologies, smart pedagogy for SmU,
SmE and SmC

• Continuous improvement of SmU main
business functions

• Continuous improvement of SmU
management and administration
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The performed literature review and creative analysis enabled us (to the level of
information presented in a publication) to classify multiple related projects in
accordance with introduced SMM levels—some analysis outcomes are available in
the most right column in Table 2.10.

2.6 Strengths of Smart Universities

Our vision of SmU is based on the idea that SmU—as a smart system—should
implement and demonstrate significant maturity at various “smartness” levels such
as (1) adaptation, (2) sensing (awareness), (3) inferring (logical reasoning),
(4) self-learning, (5) anticipation, and (6) self-organization and re-structuring—see
details and examples in Table 2.9 above. We believe these are the most important
advantages of SmU in comparison with traditional universities. However, the
performed literature review and creative analysis enabled us to arrive with an
additional list of reported advantages of SmU and opportunities for traditional
universities if they decide to evolve to certain level of SmU.

SmU strengths provide advantages in numerous aspects of education, such as
staying abreast with advanced technology, providing exposure to this advanced
technology, flexible learning styles and modes of learning content delivery, ubiq-
uitous access to educational materials, etc.

Technological advances. An advance provided by SmU is the implementation
and active utilization of advanced technology; some examples of this advanced
technology implemented in current variations of Smart Universities are as follows:

• RFID tags allow for easier logistics and product-related information storage and
retrieval [23, 27];

• contactless ID cards for identification and financial transaction performance [31,
32];

Fig. 2.4 Diffusion of innovation [35] or Roger’s typology
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• cloud computing technologies allow for file sharing and access for all students
[25];

• RFID tags provide security enhancements as they provide identification;
• cloud computing technology allows easier access to information for students so

that they can work at their own pace and access information as needed.

Educational advances. SmU are advantageous due to the fact that they utilize
more advanced technology than traditional universities. SmU provides both stu-
dents and faculty with exposure to technological advances as well as their active use
in teaching and learning. This provides the ability for students, learners, and faculty
to use, for example:

• state of the art facilities [37];
• technology in combination with human interaction [38];
• well-equipped laboratories, libraries, and IT facilities [39].

Eachof theseprovidesusers atSmUwithuniquehands-onexperiencewith advanced
technology—smart technology, smart systems, smart devices, smart classrooms, etc.—
that perhapswouldnot beused in a traditional university setting.Havingexposure to this
advanced technology provides a holistic education for students that also contains cus-
tomization, personalization, and subjection to unique teaching and learning styles [21].

Additionally, SmU provides the advantage of having flexibility when it comes to
learning. This can be done because of SmU’s ability to tailor its educational style to
in-classroom learning, e-learning, or a combination of the two as blended learning
(b-learning). This is a major strength of SmU over traditional universities due to the
fact that these days (and, as expected, in the future) so many students have unique
situations that perhaps require being out of the classroom for a majority of the time.
The advantages of this concept provide SmU with the following strengths:

• learning at one’s convenience (any place, any time, any device) [40];
• potential for independent learning as well as structured learning [41];
• curriculum designed to meet both local needs and international standards [39];
• resources available anytime and anywhere [42].

The listed strengths above provide students, who normally might not have access
to higher education, with the ability to learn in any location and at any time.

These reported advantages of SmU provide the foundation to continually expand
on the concepts discussed above. This can provide opportunities for a wider variety
of students to take advantage of the educational resources available to them, pro-
viding them with a richer educational experience at SmU.

2.7 Conclusions

The performed literature review, creative analysis, proposed SMM model, and
obtained research findings and outcomes enabled us to make the following
conclusions:
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(1) In several recent years, the ideas of smart education, smart university, smart
classroom, smart learning environments, and related topics became the main
topics of various pioneering international and national events and projects,
governmental and corporate initiatives, institutional agendas, and strategic
plans.

(2) Our vision of SmU is based on the idea that SmU—as a smart system—should
implement and demonstrate significant maturity at various “smartness” levels
such as (1) adaptation, (2) sensing (awareness), (3) inferring (logical reason-
ing), (4) self-learning, (5) anticipation, and (6) self-organization and
re-structuring.

(3) The performed classic literature review of 100 + publications and reports rel-
evant to SmU, SmE, SmC, and SLE areas usually does not provide readers with
a clear understanding of focus, scope, and main details of analyzed publica-
tions; moreover, it usually does not help to compare the proposed approaches,
features, smartness levels, and details in those publications.

(4) In order to overcome problems of the classic literature review approach, and in
order to be able to compare various publications in SmU, SmE, SmC, SLE and
related areas, we developed a framework for systematic creative analysis of those
publications. In the general case, this framework may contain multiple sections
(rubrics) that may include, but are not limited to, a) general information about a
publication (i.e. main topic or title of a publication, list of authors, publisher, year
of publication, reference number, etc.); b) main topic; c) proposed idea or
approach and main details (as described by authors); d) identified list of main
features (or functions) that are relevant to SmU concepts; e) identified smartness
levels of SmU addressed by proposed approach, developed system, and other
rubrics. Examples of applications of the developed framework to creatively
analyze various related publications are presented in Tables 2.1, 2.2, 2.3, 2.4, 2.5,
2.6, 2.7 and 2.8 in Sect. 2.3 and Tables 2.11, 2.12, 2.13, 2.14, 2.15, 2.16, 2.17,
2.18, 2.19, 2.20, 2.20, 2.21, 2.22 and 2.23 in Appendix.

(5) Examples of utilization of proposed SmU smartness levels in several analyzed
publications are described in Table 2.9 (Sect. 2.4).

(6) In order to recognize and classify the current status of smart education devel-
opment in a particular college/university or status of evolution of a traditional
university towards smart university, we proposed and developed the Smart
Maturity Model (SMM) for SmU (Table 2.10 in Sect. 2.5).

(7) The relations between SmE, SmC, and SLE (as innovative approaches to
education) on one side and types of faculty on the other side are well described
by Roger’s “Diffusion of Innovation” Typology (Fig. 2.3 in Sect. 2.5). As a
result, we conclude that specific types of faculty should be involved in SmE and
SmC initiates only on designated levels of SmU “smartness” maturity to
optimize “cost-benefits” ratio.

(8) Finally, the performed literature review and creative analysis enabled us (to the
level of information presented in each publication) to classify multiple related
projects in accordance with introduced SMM model levels (some of examples
are available in the most right column in Table 2.10).

2 Smart University: Literature Review and Creative Analysis 35



Acknowledgements The authors would like to thank Dr. Jeffrey P. Bakken, Associate Provost
for Research and Dean of the Graduate School, Dr. Cristopher Jones, Dean of the LAS College,
and Sandra Shumaker, Executive Director, Office of Sponsored Programs at Bradley University for
their strong support of our research, design and development activities in Smart University and
Smart Education areas.
This project is partially supported by grant REC # 1326809 from Bradley University.

Appendix

1. Approaches to develop smart universities: the outcomes of systematic cre-
ative analysis (Tables 2.11, 2.12, 2.13 and 2.14)

2. Approaches to develop smart campuses: the outcomes of systematic cre-
ative analysis (Tables 2.15, 2.16, 2.17 and 2.18)

3. Approaches to develop smart learning environments: the outcomes of
systematic creative analysis (Table 2.19)

4. Approaches to develop smart classrooms: the outcomes of systematic cre-
ative analysis (Tables 2.20, 2.21 and 2.22)

5. Approaches to develop smart learning: the outcomes of systematic creative
analysis (Table 2.23)

Table 2.11 Smarter Universities: a vision for the fast changing digital era [11]

Item Details

Main topic Smart university—concepts

Approach used SmU is considered as a place where knowledge is shared in a seamless
way and is a system that is green, robust, personalized, responsible,
interactive, and adaptive, as well as accessible anywhere, anytime, and
from any device

Details “…We analyze the current situation of education in universities, with
particular reference to the European scenario. Specifically, we observe
that recent evolutions, such as pervasive networking and other enabling
technologies, have been dramatically changing human life, knowledge
acquisition, and the way works are performance and people learn” [11]
• “Opinion mining—The first step of the process is collecting different
option, which will be later organized and structured.

• Needs collection—The second phase of the proposed model
corresponds to an in-depth analysis of the needs emerging from the
area, the communities and the organizations

• Vision—The presence of multiple variables and constraints encourages
the creation of a “strategic” vision that must be translated into clear
objectives, ambitious yet realistic

• Priorities—The above mentioned objectives are then ordered as a
two-dimensional array according to their priority and their measure of
urgency.

• Common contents—The model extracts common contents, knowledge
and skills that an individual must have in multiple scientific areas

• Domain specific contents—The vertical part of the T is represented by
the knowledge and the skills that individuals must possess in a specific
domain.

(continued)
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Table 2.11 (continued)

Item Details

• Competencies, standards and policies—The competencies are described
in the ECF and teachers’ skills are taken into account

• Matching—One of the most challenging parts of the model is the task
of matching the choices with the needs

• Monitoring and analytics—The proposed model provides an abstract
representation of a vision”

Identified features • Collaborative and communication technologies
• Systems for seamless collaborative learning (of both local and remote
students) in smart classroom and shared learning content/documents

• Elements of Internet-of-Things technology
• Cloud computing technology in place
• Elements of Smart Agents technology

Smartness levels
addressed

• Adaptation—various classroom models can be used
• Sensing—by observing the recent evolutions
• Inferring—based on opinion mining and needs that were collected
previously

Table 2.12 Designing smart University using RFID and WSN [23]

Item Details

Main topic Smart university—technology

Approach used Smart university design approach is based on implementation and active
use of Radio Frequency Identification (RFID) technology and wireless
sensor network (WSN) technology to improve student’s experience
whether they experience it remotely or physically in the classroom

Details “There is a necessity to build a smart system that decrease load in
managing the attendance and improves the performance of colleges,
universities and any education institute. … The developed prototype
shows how evolving technologies of RFID and WSN can add in
improving student’s attendance method and power conservation. RFID
technology provides the means of persons identification and forms the
basis of:
• Student attendance record
• Employee attendance record
• Authentication of attendance
• Automation of electrical appliances.”[23]

Identified features • RFID technology
• Smart card readers
• Biometric-based access control devices
• Robotic controllers and actuators
• Intelligent cyber-physical systems
• Flipped classrooms
• Remote (virtual) labs

Smartness levels
addressed

• Sensing—by technology specifically used for identification and sensing
ability

• Anticipation (of student behavior)—by keeping track of attendance
records, authentication of attendance, etc.
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Table 2.13 System architecture for a smart university building [25]

Item Details

Main topic Smart university—buildings

Approach used Smart university development approach is based on idea of having
smart buildings that are able to remotely monitor and manage processes
while being energy efficient

Details “…An intelligent platform is proposed, that integrates sensors within a
university building and campus based on Web Services middleware.
The aim is to provide automation of common processes, reduce the
energy footprint and provide control of devices in a remote manner”
[25]

Identified features • Sensor technology (motion, temperature, light, humidity, etc.)
• RFID technology
• WSN technology
• Power/light/HVAC consumption monitoring system(s)

Smartness levels
addressed

• Sensing—by technology specifically used for identification and
sensing ability

• Inferring—make inferences based on information gathered by sensors
to enhance ability of smart classroom

• Self-organization—use systems and sensors that are automatically
configured to run smart classroom

Table 2.14 Smart education environment system [30]

Item Details

Main topic Smart university—library

Approach used Smart university development approach is based on a framework that
upgrades the traditional, book-based library to a digital resource library
to meet the needs of an emerging IT-aware generation

Details “…a framework for an Smart Education Environment System (SEES),
which will provide a library with an integrated database incorporating
three core sub-systems: ‘Electronic Bookshelves’, for automating
access to the bookshelves; ‘Virtual White Space’, for the discussion of
information found in the library; and ‘Innovation and Social Network
Database (ISND)’, for disseminating and storing new ideas and
concepts…” [30]

Identified features • E-books
• SMART boards and/or interactive white boards
• RFID technology
• Repositories of digital learning content and online (Web) resources,
learning portals

• Systems for seamless collaborative learning (of both local and remote
students) in smart classroom and shared learning content/documents

Smartness levels
addressed

• Adaptation—of classroom model
• Sensing—by technology specifically used for identification
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Table 2.15 Exploration on security system structure of smart campus based on cloud computing
[32]

Item Details

Main topic Smart campus—technology

Approach used Smart campus development approach is based on a cloud computing
technology and the Internet of Things technology to ensure everything
is completely digital and all information, class interaction, and lectures
are available from remote locations

Details “This paper studies such problems as smart campus, smart campus
system structure and campus cloud structure from the perspective of
information security, designs security system structure of smart campus
on this basis and describes the security system structure at six levels”
[32]

Identified features • Intelligent cyber-physical system (for safety and security)
• Various smart software agents
• Internet-of-Things technology
• Repositories of digital learning content and online (web) resources,
learning portals

Smartness levels
addressed

• Sensing—by technology specifically used for identification

Table 2.16 New challenges in smart campus applications [15]

Item Details

Main topic Smart campus—concepts

Approach used Smart campus development approach is based on a framework that can
be used by both local and remote participants. This framework contains
everything to improve the usability of the system and provide users
with a better and more effective learning experience

Details “…create an architecture framework which allows various members of
the community to create and use services based on the data that is
collected in a university environment. … The overall goal is to improve
the usability of the system and provide better user experience by
applying personalization” [15]

Identified features • Sensor technology (motion, temperature, light, humidity, etc.)
• Repositories of digital learning content and online (Web) resources,
learning portals

• Collaborative Web-based audio/visual one-to-one and many-to-many
communication systems

• E-books
• Adaptive courses, lessons and learning modules with variable
components and structure suitable for various types of teaching—
face-to-face, blended, online, types of students/learners, smart
pedagogy, etc.

• Systems to host, join, form and evaluate group discussions (including
both local and remote students)

Smartness levels
addressed

• Adaptation—of teaching style and classroom model
• Sensing—by technology specifically used for identification and
sensing ability
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Table 2.17 A vision for the development of i-campus [12]

Item Details

Main topic Smart campus—concepts

Approach used Smart campus development approach is based on holistic e-learning,
social networking and communications for work collaboration, green
and CIT sustainability with intelligent sensor management systems and
smart building management with security control and surveillance

Details “…envision the possible ways of intelligent campus development. …
Personalized learning is a board term which includes personalized study
plan and learning path, personalized information gathering and learning
resource retrieval, and personalized learning activities. … Adaptive
learning refers to the fulfillment of dynamic needs of learners and
provision of feedbacks to the current state of learning in a smart
learning environment. … There are some possible research and
development opportunities relating to the development of intelligent
campus which may include learning management systems and
knowledge management, personalized learning, adaptive learning and
e-portfolio, immersive educational space, and safe learning
environment” [12]

Identified features • Smart data visualization technology
• Repositories of digital learning content and online (Web) resources,
learning portals

• Web-lecturing technology
• Interconnected laptops or desktop computers
• Elements of Internet-of-Things technology

Smartness levels
addressed

• Adaptation—of teaching style and classroom model

Table 2.18 Future content-aware pervasive learning environment: smart campus [24]

Item Details

Main topic Smart campus—technology

Approach used Smart campus development approach is based on technology to allow
remote learning, interaction between local and remote students, and
access for all students to all digital resources

Details “…we proposed a novel design of interactive pervasive learning
environment. … The proposed solution is actually a service oriented
framework in which data mining is used for knowledge discovery,
context is identified by using more precise approach, and then
automatic service discovery, activation and execution takes place to
facilitate the user in pervasive learning environment” [24]

Identified features • Repositories of digital learning content and online (Web) resources,
learning portals
• Systems for seamless collaborative learning (of both local and remote
students) in smart classroom and shared learning content/documents
• Collaborative Web-based audio/visual one-to-one and many-to-many
communication systems
• Smart learning/teaching analytics (big data analytics) systems

Smartness levels
addressed

• Adaptation—of classroom model
• Inferring—based on big data analytics systems information gathered
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Table 2.19 Definition, framework and research issues of smart learning environments-a
context-aware ubiquitous learning perspective [9]

Item Details

Main topic Smart learning environment—concepts

Approach used SLE development approach is based on an idea of student’s ability to
access digital resources and interact with learning systems from any
pack at any time. It also actively provides guidance through context
awareness

Details “The definition and criteria of smart learning environments are
presented from the perspective of context-aware ubiquitous learning.
A framework is also presented to address the design and development
considerations of smart learning environments to support both online
and real-world learning activities. … An expert model or expert
knowledge model that contains the teaching materials, a student model
or learner model that evaluates students’ learning status and
performance, an instructional model or pedagogical knowledge model
that determines teaching content, educational tools and presentation
methods based on the outcomes of the student model, and a user
interface for interacting with students” [9]

Identified features • Ubiquitous computing technology
• Context (situation) awareness systems
• Adaptive teaching
• Systems for seamless collaborative learning (of both local and remote
students) in smart classroom and shared learning content/documents

Smartness levels
addressed

• Adaptation—of teaching style and classroom model
• Sensing—done by ubiquitous computing technology used in a context
aware system

Table 2.20 Smart classrooms for distance education and their adoption in multiple classroom
architecture [18]

Item Details

Main topic Smart classroom—systems and technology

Approach used SMC development approach is based on implementation and active use
of integrated voice-recognition, computer-vision, as well as other
varying technologies, to provide a tele-education experience for remote
learners that is similar to a traditional classroom experience

Details “…an overview of the technologies used in smart classrooms for
distance education by classifying smart classrooms into four categories
and discussing the type of technologies used in their implementation…”
[18]

Identified features • Web-lecturing systems (with video capturing and computer capturing
functions) for learning content development pre-class activities

• Systems for seamless collaborative learning (of both local and remote
students) in smart classroom and shared learning content/documents

• Collaborative Web-based audio/visual one-to-one and many-to-many
communication systems

• Intelligent cyber-physical systems (for safety and security)
• Repositories of digital learning content and online (Web) resources,
learning portals

(continued)
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Table 2.21 Classroom in the era of ubiquitous computing smart classroom [28]

Item Details

Main topic Smart classroom—systems and technology

Approach used SMC development approach is based on context-awareness, such as
understanding a user’s intentions based on audio/visual inputs or
situational information

Details “…four essential characteristics of futuristic classroom in the upcoming
era of ubiquitous computing: natural user interface, automatic capture
of class events and experience, context-awareness and proactive
service, collaborative work support. This elaborates the details in the
details in the design and implementation of the ongoing Smart
Classroom project…” [28]

Identified features • Collaborative Web-based audio/visual one-to-one and many-to-many
communication systems

• Gesture (activity) recognition and speaker/instructor motion tracking
systems

• Speech/voice recognition systems
• Controlled and self-activated microphones and speakers

Smartness levels
addressed

• Adaptation—of classroom model
• Sensing—by technology specifically used for identification and
human sensing

• Self-organization—through classroom’s controlled and self-activated
systems

Table 2.20 (continued)

Item Details

• Panoramic cameras
• Ceiling-mounted projectors (in some cases, 3D projects)
• Interconnected big screen monitors or TVs (“smart learning cave”)
• Interconnected laptops or desktop computers
• SMART boards and/or interactive white boards

Smartness levels
addressed

• Adaptation—of teaching style and classroom model
• Anticipation—keeps track of location awareness and intelligent
cyber-physical systems for safety and security

Table 2.22 Smart classroom: enhancing collaborative learning using pervasive computing
technology [29]

Item Details

Main topic Smart classroom—hardware and technology

Approach used SMC development approach is based on an implementation and active
use of a collection of embedded, wearable, and handheld devices that are
wirelessly connected to enhance the idea of collaborative learning

Details “..Smart Classroom that uses pervasive computing technology to
enhance collaborative learning among college students… integrate
mobile and handheld devices, such as Personal Digital Assistants
(PDAs), with fixed computing infrastructures, such as PCs, sensors, etc.
in a wireless network environment inside a classroom…” [29]

(continued)
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Table 2.23 Competence analytics [33]

Item Details

Main topic Smart learning—concepts

Approach used Smart learning development is based on idea of personalized learning
experiences, taking place through learning analytics, analysis,
discovery, etc.

Details “This article introduces a framework called Smart Competence
Analytics in Learning (SCALE) that tracks finer-level learning
experiences and translates them into opportunities for customized
feedback, reflection, and regulation. The SCALE framework is
implemented in four layers: the sensing layer, the analysis layer, the
competence layer, and the visualization layer. … The SCALE
framework has been designed for seamless integration with different
types of learning-related artifacts such as the Moodle learning
management system…The current SCALE system does not focus as
much on the physical context of a student (e.g., classroom, instructor
availability) as it does with the student’s learning context (e.g., learners’
background knowledge, learner motivation)…” [33]

Identified features • Sensor technology
• Smart learning/teaching analytics (big data analytics) systems
• Smart data visualization technology
• Adaptive programs of study—major and minor programs,
concentration and certificate programs—with variable structures
adaptable to types of students/learners, smart pedagogy, etc.

Smartness levels
addressed

• Adaptation—of classroom model
• Sensing—by technology specifically used for identification

Table 2.22 (continued)

Item Details

Identified features • Interconnected laptops or desktop computers
• Systems to relay automatically recorded class activities and lectures for
post-class review and activities (by both local and remote students)

• Systems to host, join, form and evaluate group discussions (including
both local and remote students)

• Collaborative and communication technologies
• Web-lecturing systems (with video capturing and computer screen
capturing functions) for learning content development pre-class
activities

Smartness. levels
addressed

• Adaptation—of teaching style and classroom model
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Chapter 3
Smart University: Conceptual Modeling
and Systems’ Design

Vladimir L. Uskov, Jeffrey P. Bakken, Srinivas Karri,
Alexander V. Uskov, Colleen Heinemann and Rama Rachakonda

Abstract The development of Smart University concepts started just several years
ago. Despite obvious progress in this area, the concepts and principles of this new
trend are not clarified in full yet. This can be attributed to the obvious novelty of the
concept and numerous types of smart systems, technologies and devices available
to students, learners, faculty and academic institutions. This paper presents the
outcomes of a research project aimed at conceptual modeling of smart universities
as a system based on smartness levels of a smart system, smart classrooms, smart
faculty, smart pedagogy, smart software and hardware systems, smart technology,
smart curriculum, smart campus technologies and services, and other distinctive
components. The ultimate goal of this ongoing research project is to develop smart
university concepts and models, and identify the main distinctive features, com-
ponents, technologies and systems of a smart university—those that go well beyond
features, components and systems used in a traditional university with predomi-
nantly face-to-face classes and learning activities. This paper presents the up-to-date
outcomes and findings of conceptual modeling of smart university.

Keywords Smart university � Smartness levels � Smart university components �
Conceptual modeling � Software systems for a smart university

3.1 Introduction

The “smart university” (SmU) concept and several related concepts, such as smart
classrooms [1–11], smart learning environments [12, 13], smart campus [14–17],
smart education [18–23], and smart e-learning [22–24], were introduced just several
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years ago; they are in permanent evolution and improvement since that time. The
introduced ideas and approaches to build SmU, as well as smart education (SmE),
are rapidly gaining popularity among the leading universities in the world because
modern, sophisticated high-tech-based smart technologies, systems, and devices
create unique and unprecedented opportunities for academic and training organi-
zations in terms of higher teaching standards and expected learning/training out-
comes. “The analysts forecast the global smart education market to grow at a
CAGR of 15.45% during the period 2016–2020” [25]. “Markets and Markets
forecasts the global smart education and learning market to grow from $193.24
Billion in 2016 to $586.04 Billion in 2021, at a Compound Annual Growth Rate
(CAGR) of 24.84%” [26].

3.1.1 Literature Review

To-date, most researchers are focused on perspectives of contemporary higher
education and tendencies that correspond to the concepts of SmU and SmE. For
example, the authors of [27–29] discuss various aspects of contemporary univer-
sities and their future perspectives in the context of applications of smart infor-
mation and communication technologies (ICT) in education. On the other hand, the
authors of [30] presented one of the first research studies on new opportunities for
universities in the context of smart education.

The other significant part of research in SmE is focused on the problem of
educational outcomes in the contemporary educational systems—smart learning
environments (SLE). For example, the concept of outcomes-based education has
been proposed and this approach can be regarded as a part of the SmE concept. The
main part of obtained outcomes includes the studies of cognitive abilities, needs,
skills, and their training through e-learning or, in general, to 21st century skills [31].
There are also resources available on instructional design and cognitive science,
which consider the problem of learning, structuring material, communication, and
forming cognitive competence in this group, for example [32].

Different attempts to make conceptual models of ICT infrastructure of SmU and
smart e-learning systems are currently being actively researched; for example, the
topics concerning smart e-learning standards, smart gadgets, and learning equip-
ment are discussed [33]. Several research projects were aimed at organizational
aspects of SmU, smart education such as organizational structure, educational
trajectories, learning strategies, etc. These projects usually emphasize the fact that
many aspects of contemporary education need new flexible organizational struc-
tures, which can be referred to as “smart” [30, 34].

The detailed literature review on existing approaches to build SmU is available
in another chapter of this book, specifically in [35].

Despite the obvious progress in SmU area, the main concepts and conceptual
models of smart universities are not clarified in full yet due to obvious uniqueness,
innovativeness, and complexity of this research area.
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3.1.2 Research Project Goal and Objectives

The performed analysis of above-mentioned and multiple additional publications
and reports relevant to (1) smart universities, (2) university-wide smart software and
hardware systems and technologies, (3) smart classrooms, 94) smart learning
environments, and (5) smart educational systems, undoubtedly shows that
SmU-related topics will be in the focus of multiple research, design, and devel-
opment projects in the upcoming 5–10 years. It is expected that, in the near future,
SmU concepts and hardware/software/technological solutions will start to play a
significant role and be actively deployed and used by leading academic intuitions in
the world.

Project Goal. The overall goal of this ongoing multi-aspect research project is to
develop conceptual modeling of a smart university, i.e. to identify and classify
SmU’s main smart features, components, relations (links) between components,
interfaces, inputs, outputs, and limits/constraints. The premise is that SmU con-
ceptual modeling will (1) enable us to identify and predict the most effective
software, hardware, pedagogy, teaching/learning activities, services, etc., for the
next generation of a university—smart university—and (2) help traditional uni-
versities understand the strengths, weaknesses, opportunities, and threats of
becoming a smart university and also identify and evaluate paths for a possible
transformation from traditional university into a smart one.

Project Objectives. The objectives of this project were to identify SmU’s main
(1) smartness levels (or smart features), (2) components, and (3) specific software
and hardware systems that go well beyond those in a traditional university with
predominantly face-to-face classes and learning activities. Due to limited space, we
present a summary of up-to-date research outcomes below.

3.2 Smart University: Conceptual Modeling

3.2.1 Smartness University: Modeling of Smartness Levels

Based on our vision of SmU and up-to-date obtained research outcomes, we believe
that SmU as a smart system should significantly emphasize, not only pioneering
software/hardware features and innovative modern teaching/learning strategies, but
also “smart” features of smart systems (Table 3.1) [36, 37]. Therefore, the designers
of SmU should pay more attention to a maturity of smart features of SmU that may
occur on various levels of SmU’s smartness—smartness levels.

Several examples of SmU possible distinctive functions for every proposed SmU
smartness level are presented in Table 3.2.
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Table 3.1 Classification of smartness levels of a smart system [36, 37]

Smartness levels Details

Adaptation Ability to modify physical or behavioral characteristics to fit the
environment or better survive in it

Sensing Ability to identify, recognize, understand, and/or become aware of
phenomenon, event, object, impact, etc.

Inferring Ability to make logical conclusion(s) on the basis of raw data,
processed information, observations, evidence, assumptions, rules, and
logic reasoning

Learning Ability to acquire new or modify existing knowledge, experience,
behavior to improve performance, effectiveness, skills, etc.

Anticipation Ability of thinking or reasoning to predict what is going to happen or
what to do next

Self-organization
and re-structuring
(optimization)

Ability of a system to change its internal structure (components),
self-regenerate, and self-sustain in purposeful (non-random) manner
under appropriate conditions but without an external agent/entity

Table 3.2 SmU distinctive features (that go well beyond features of a traditional university) [38]

SmU smartness levels Details Possible examples (limited to 3)

Adaptation SmU ability to automatically modify
its business functions,
teaching/learning strategies,
administrative, safety, physical,
behavioral and other characteristics,
etc. to better operate and perform its
main business functions (teaching,
learning, safety, management,
maintenance, control, etc.)

∙ SmU easy adaptation to new style
of learning and/or teaching
(learning-by-doing, flipped
classrooms, etc.) and/or courses
(MOOCs, SPOCs, open education
and/or life-long learning for
retirees, etc.)

∙ SmU easy adaptation to needs of
students with disabilities
(text-to-voice or voice-to-text
systems, etc.)

∙ SmU easy network adaptation to
new technical platforms (mobile
networking, tablets, mobile
devices with iOS and Android
operating systems, etc.)

Sensing (awareness) SmU ability to automatically use
various sensors and identify,
recognize, understand and/or
become aware of various events,
processes, objects, phenomenon, etc.
that may have impact (positive or
negative) on SmU’s operation,
infrastructure, or well-being of its
components—students, faculty,
staff, resources, properties, etc.

∙ Various sensors of a Local Action
Services (LAS) system to get data
regarding power use, lights,
temperature, humidity, safety,
security, etc.

∙ Smart card (or biometrics) readers
to open doors to mediated lecture
halls, computer labs, smart
classrooms and activate

(continued)
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Table 3.2 (continued)

SmU smartness levels Details Possible examples (limited to 3)

features/software/hardware that are
listed in user’s profile

∙ Face, voice, gesture recognition
systems and corresponding devices
to retrieve and process data about
students’ class attendance, class
activities, etc.

Inferring (logical
reasoning)

SmU ability to automatically make
logical conclusion(s) on the basis of
raw data, processed information,
observations, evidence,
assumptions, rules, and logic
reasoning.

∙ Student Analytics System (SAS) to
create (update) a profile of each
local or remote student based on
his/her interaction, activities,
technical skills, etc.

∙ Local Action Services
(LAS) campus-wide system to
analyze data from multiple sensors
and make conclusions (for ex:
activate actuators and close/lock
doors in all campus buildings
and/or labs, turn off lights, etc.)

∙ SAS can recommend
administrators take certain
pro-active measures regarding a
student

Self-learning SmU ability to automatically obtain,
acquire or formulate new or modify
existing knowledge, experience, or
behavior to improve its operation,
business functions, performance,
effectiveness, etc. (A note:
Self-description, self-discovery and
self-optimization features are a part
of self-learning)

∙ Learning from active use of
innovative software/hardware
systems—Web-lecturing systems,
class recording systems, flipped
class systems, etc.

∙ Learning from anonymous Opinion
Mining System (OMS)

∙ Learning from different types of
classes—MOOCs, blended, online,
SPOCs, etc.

Anticipation SmU ability to automatically think
or reason to predict what is going to
happen, how to address that event,
or what to do next

∙ Campus-wide Safety System
(CSS) to anticipate, recognize, and
act accordingly in case of various
events on campus

∙ Enrollment Management System to
predict, anticipate, and control
variations of student enrollment

∙ University-wide Risk Management
System (snow days, tornado,
electricity outage, etc.)

(continued)

3 Smart University: Conceptual Modeling and Systems’ Design 53



3.2.2 Smartness University: Conceptual Model

The proposed conceptual model of a SmU, labeled as CM-SmU, can be described as
follows [40].

Definition 3.1 Smart University is described as n-tuple of n elements that can be
chosen from the following main sets:

CM � SmU ¼ \ SmU FEATURESf g; SmU STAKEHOLDERSf g;
SmU CURRICULAf g; SmU PEDAGOGYf g;
SmU CLASSROOMSf g;
SmU SOFTWAREf g;
SmU HARDWAREf g; SmU TECHNOLOGYf g;
SmU RESOURCESf g [

ð3:1Þ

where:

SmU_FEATURES a set of most important smart features of SmU,
including adaptation, sensing, inferring, self-learning,
anticipation, self-optimization or re-structuring;

SmU_STAKEHOLDERS a set of SmU stakeholders; for example, it includes a
subset of SmU faculty (instructors) at SmU, i.e. those
who are trained and predominantly teach classes in
smart classrooms and actively use smart boards, smart
systems, smart technology, etc.,

Table 3.2 (continued)

SmU smartness levels Details Possible examples (limited to 3)

Self-organization and
configuration,
re-structuring, and
recovery

SmU ability automatically to change
its internal structure (components),
self-regenerate, and self-sustain in
purposeful (non-random) manner
under appropriate conditions but
without an external agent/entity.
(A note: Self-protection,
self-matchmaking, and self-healing
are a part of self-organization)

∙ Automatic configuration of
systems, performance parameters,
sensors, actuators and features in a
smart classroom in accordance
with instructor’s profile

∙ Streaming server automatic
closedown and recovery in case of
temp electrical outage

∙ Automatic re-configuration of
wireless sensor network
(WSN) because nodes may join or
leave spontaneously (i.e. evolving
network typology),
university-wide cloud computing
(with multiple clients and
services), etc.
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SmU_CURRICULA a set of smart programs of study and smart courses at
SmU—those that can, for example, change (or opti-
mize) its structure or mode of learning content delivery
in accordance with given or identified requirements
(due to various types of students or learners);

SmU_PEDAGOGY a set of modern pedagogical styles (strategies) to be
used at SmU;

SmU_CLASSROOMS a set of smart classrooms, smart labs, smart depart-
ments and smart offices at SmU;

SmU_SOFTWARE a set of university-wide distinctive smart software
systems at SmU (i.e. those that go well beyond those
used at a traditional university);

SmU_HARDWARE a set of university-wide smart hardware systems,
devices, equipment and smart technologies used at
SmU (i.e. those that go well beyond those used at a
traditional university);

SmU_TECHNOLOGY a set of university-wide smart technologies to facilitate
main functions and features of SmU;

SmU_RESOURCES a set of various resources of SmU (financial, techno-
logical, human, etc.)

In general, SmUs may have multiple additional minor sets; however, for the
purpose of this research project, we will limit a number of SmU most important sets
as presented in (3.1).

3.2.3 Smart University: Modeling Distinctive Components
and Elements

SmU may have numerous components of a traditional university; however, it must
have multiple additional components to implement actively use and maintain SmU
distinctive features that are described in Table 3.2. Based on our vision of SmU and
outcomes of our research, the SmU main sets should include at least those set
elements (or SmU distinctive sub-components) that are described in Table 3.3.

3.2.4 Smart University: “Components and Features” Matrix

The performed research enabled us to arrive with a very important outcome
—“Smart University: Components and Smartness Levels” matrix (Fig. 3.1). This
matrix clearly shows that there should be a one-to-one correspondence between a
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Table 3.3 SmU main sets (components) and main distinctive sub-sets (sub-components) that go
well beyond components of a traditional university

SmU sets (components) Examples of SmU distinctive sub-components (that go well
beyond those in a traditional university)

SmU_SOFTWARE ∙ Pre-class learning content development systems
∙ In-class activities’ recording systems
∙ Post-class activities’ supporting systems (for example, systems
to replay automatically recorded lectures, in-class discussions,
and activities; learning content management systems, post-class
review, and discussion systems for both local and remote
students, etc.)

∙ Smart cameraman software systems to automatically record and
synchronize various in-class activities

∙ Systems for seamless collaborative learning (of both local and
remote students) in smart classroom and sharing of learning
content/notes/documents

∙ Web-based audio/video conferencing systems for smooth
one-to-one and many-to-many
communication/collaboration/interaction between local/in-class
and remote/online students/learners

∙ Systems to host, join, form, and evaluate group discussions
(including both local and remote students)

∙ Repositories of digital learning content and online
(Web) resources, learning portals, digital libraries on
appropriate learning modules

∙ Smart learning/teaching analytics (big data analytics) systems
∙ Speech/voice recognition systems
∙ Speech-to-text systems
∙ Text-to-voice synthesis systems
∙ Automatic translation systems (from/to English language)
∙ Speaker/instructor tracking systems (in the classroom)
∙ Gesture (activity) recognition systems
∙ Face recognition systems
∙ Emotion recognition systems
∙ Context (situation) awareness systems (including location
awareness, learning context awareness, security/safety
awareness systems)

∙ Intelligent cyber-physical systems (for safety and security)
∙ Various smart software agents
∙ Power/light/HVAC consumption monitoring system(s)

SmU_TECHNOLOGY ∙ Internet-of-Things technology
∙ Cloud computing technology
∙ Web-lecturing technology
∙ Web-based collaborative and communication technologies
∙ Ambient intelligence technology
∙ Smart agents technology

(continued)
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Table 3.3 (continued)

SmU sets (components) Examples of SmU distinctive sub-components (that go well
beyond those in a traditional university)

∙ Smart data visualization technology
∙ Augmented and virtual reality technology
∙ Computer gaming (serious gaming) technology
∙ Remote (virtual) labs
∙ 3D visualization technology
∙ Wireless sensor networking technology
∙ RFID (radio frequency identification) technology
∙ Location and situation awareness technologies (indoor and
outdoor)

∙ Sensor technology (motion, temperature, light, humidity, etc.)

SmU_HARDWARE/
EQUIPMENT

∙ SMART boards and/or interactive white boards (at least 84” in
size)

∙ Ceiling-mounted projectors (in some cases, 3D projectors)
∙ Smart panoramic video cameras (to web-tape all in-classroom
activities)

∙ Interconnected big screen monitors or TVs (to create an effect
of “smart learning cave”)

∙ Interconnected laptops or desktop computers
∙ Smart pointing devices
∙ Voice controlled smart classroom hub (i.e., a central system to
integrate and control various smart devices in a classroom)

∙ Smart controlled and self-activated microphones
∙ Smart speakers
∙ Smart security video cameras
∙ Smart classroom lock
∙ Smart card readers
∙ Biometrics-based access control devices (including face
recognition devices)

∙ Smart robotic controllers and actuators
Smart thermostats

∙ Smart switches

SmU_
CURRICULA

∙ Adaptive programs of study—major and minor programs,
concentration and certificate programs—with variable
structures that are adaptable to students/learners with different
academic background, various components of smart pedagogy,
including modes of learning content delivery, etc.

∙ Adaptive courses, lessons, and learning modules with variable
components and structure suitable for various types of teaching
—face-to-face, blended, online, types of students/learners,
smart pedagogy, etc.

(continued)
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Table 3.3 (continued)

SmU sets (components) Examples of SmU distinctive sub-components (that go well
beyond those in a traditional university)

SmU_STAKEHOLDERS ∙ SmU Local (in-classroom) students
∙ SmU remote (online) students
∙ SmU students with disabilities
∙ SmU life-long learners
∙ SmU faculty (full-timers and part-timers)
∙ SmU professional staff
∙ SmU administrators
∙ SmU sponsors

SmU_PEDAGOGY
(or, Smart Pedagogy)

Active utilization and, if needed, adaptable combination of the
following innovative types of pedagogy (teaching/learning
strategies):
∙ Learning-by-doing (including active use of virtual labs)
∙ Collaborative learning
∙ e-Books
∙ Learning analytics
∙ Adaptive teaching
∙ Student-generated learning content
∙ Serious games- and gamification-based learning
∙ Flipped classroom
∙ Project-based learning
∙ Bring-Your-Own-Device approach
∙ Smart robots (robotics) based learning

SmU_CLASSROOMS ∙ Smart classrooms that actively deploy various components of
SmU_SOFTWARE, SmU_HARDWARE,
SmU_TECHNOLOGY, SmU_PEDAGOGY sets (see above)

SmU_FEATURES ∙ Adaptation
∙ Sensing (awareness)
∙ Inferring (logical reasoning and analytics)
∙ Self-learning
∙ Anticipation
∙ Self-optimization (re-structuring)

Smart University 
components 

Smart University smartness levels
Adap-
tation

Sen-
sing 

Infer-
ring 

Self-
learning

Antici-
pation

Self-
optimization

SmU_SOFTWARE
SmU_HARDWARE
SmU_TECHNOLOGY
SmU_CLASSROOMS
SmU_PEDAGOGY
SmU_CURRICULUM
SmU_STAKEHOLDERS
SmU_RESOURCES

Fig. 3.1 “Smart University: Components and Features” matrix
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particular SmU component and SmU smartness levels. The designers of SmU
should clearly understand, for example, how to-be-deployed software systems will
help SmU to

(1) adapt (for example, (a) to smoothly accommodate remote students or students
with disabilities in a smart classroom, (b) to various modes of teaching, (c) to
various types of learning content delivery and types of courses, etc.),

(2) sense (for example, (a) to get data about various activities or processes in a
smart classroom or on smart campus, (b) to get data about student learning
activities and academic performance, etc.),

(3) infer (i.e. process the obtained data, run learning analytics systems, and generate
well-thought conclusions or recommendations based on big data analytics)

(4) self-learn (for example, to deploy innovative types of teaching and learning
strategies or to offer classes on innovative topics that are in high demand in
industry),

(5) anticipate (for example, to monitor as may areas on campus or inside buildings
as possible, and predict and prevent any potentially bad events), and

(6) self-optimize (for example, to minimize consumption of electricity/heat in
university classrooms and labs during night time and weekends, etc.).

Due to the limits of this chapter, it is impossible to provide details on all obtained
research outcomes and findings regarding smart software systems, smart hardware,
smart technology, and smart pedagogy; therefore, below we will focus on outcomes
of detailed analysis of several important types of software systems for SmU.

3.3 Smart University: Software Systems’ Design

Based on our vision of SmU, we believe that SmUs should deploy various types of
distinctive software systems; a comprehensive list of corresponding software sys-
tems is presented in Table 3.3 above. As a part of this research project, for several
most important classes of selected software systems to be deployed by SmU, the
research team

(1) identified a list of desired functions (functionality) of those systems from SmU
stakeholders’ point of view;

(2) identified, downloaded, and analyzed approximately 10 to 20 existing software
systems of designated type—usually including both open source and com-
mercial systems—by means of (a) review of system’s functions and features,
(b) review of system’s demo version or trial version, (c) installation and testing
of actual system, and d) review of user and analysts’ feedback;

(3) identified a list of main functions of system of designated type—i.e., functions
to be beneficial for SmU stakeholders, and

(4) evaluated and ranked those systems.
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A brief summary of our research outcomes for selected classes of software
systems for SmUs is presented in multiple tables below, including

(1) pre-class learning content development systems for SmU (Tables 3.4, 3.5, 3.6
and 3.7);

(2) in-class activities recording systems for SmU (Tables 3.8, 3.9, 3.10 and 11);
(3) post-class activities’ supporting systems for SmU (Tables 3.12, 3.13, 3.14 and

3.15);

Table 3.4 Pre-class learning content development systems for smart university: A list of system’s
desired features

# Desired system’s
feature

Details

1 Screen capturing Allows instructors to record dynamic and static visuals from
computer screen

2 Audio capturing Allows instructors to record sound, narrations for videos, VoIP
calls, music, and audio that comes from the other applications
on computer

3 Capturing from
Webcam

Allows computer’s webcam to record instructor while he/she
teaches class or makes a video

4 Capturing streaming
files

Allows to record streaming video and audio files onto a
computer

5 Schedule recording Allows instructor to set a time and date for an application to
automatically record what’s happening on computer screen (that
possibly displays video from other connected resources)

6 Capturing from
mobile device

Allows instructor to connect a smart phone or other mobile
device to a desktop computer and record what is displayed on
smart phone’s screen

7 Zoom&pan Ability to zoom in on a portion of computer screen helps an
audience to focus on specific fragments of displayed learning
content and better understand it; the pan effect allows instructor
to smoothly move from one part of computer screen to the other
one

8 Add media Allows instructor to import video, sound, and image files from a
computer into learning content files

9 Adjust audio Supports fine-tuning of audio files

10 Add titles Allows instructor to add title information to the beginning
and/or end of video files

11 Add annotations Add text comments and remarks to various recordings (a note:
annotations are very useful for augmenting videos with
additional useful information or comments that usually are not
covered in the audio portion of a video)

12 Split/join video and
audio files

Allows user to trim/eliminate unwanted (or low quality) video
and audio fragments away from existing audio/video files and
insert, if needed, other parts into final recording files
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(4) Web-based audio- and video-conferencing systems for SmU (Tables 3.16,
3.17, 3.18 and 3.19);

(5) collaborative learning systems for SmU (Tables 3.20, 3.21, 3.22 and 3.23);
(6) context awareness systems for SmU (Tables 3.24, 3.25, 3.26 and 3.27).

Additionally, a summary of our research outcomes and findings for software
systems, which are focused on students with disabilities at SmU, is presented in
[41]. Those software systems include (a) voice-to-text (voice recognition) systems,
(b) text-to-voice (voice synthesis) systems, and (c) gesture and motion recognition
systems.

Table 3.5 Pre-class learning content development systems for smart university: A list of analyzed
systems

# Name of a system
analyzed

Systems’ developer
(company)

System’s technical
platform(s)

Ref.
#

Commercial systems

1 Camtasia Studio Techsmith Windows/Mac [42]

2 Adobe Presenter 11 Adobe Windows/Mac [43]

3 Movavi screen capture
studio V7.3.0

Movavi Windows/Mac [44]

4 SmartPixel SmartPixel Windows/Mac/Android [45]

5 Snagit 13 Techsmith Windows/Mac [46]

6 Screenpresso PRO ScreenPresso Windows [47]

7 Bandicam Bandisoft Windows/Mac [48]

8 Debut video capture
software

NCH Software Windows/Mac [49]

9 CamVerce 1.95 Support Windows [50]

10 Replay Video Capture 8 Applian technologies Windows [51]

11 WM Recorder Bundle WM Recorder Windows [52]

12 Adobe Captivate 9 Adobe Windows/Mac [53]

Open source (free) systems

1 CamStudio Cam Studio Windows [54]

2 Ezvid screen recorder Ezvid Windows [55]

3 Screencast-O-Matic Screen cast Matic Windows/Mac [56]

4 ActivePresenter Atomi Windows [57]

5 Jing Techsmith Windows [58]

6 Webinaria Webinaria Windows [59]

7 Rylstim SketchMan Studio Windows [60]

8 IceCream screen recorder IceCream Apps Windows/Mac [61]

9 Flash back Express
Recorder

BlueBerry Software Windows [62]

10 Screen Video Recorder DVDVideo Soft Windows [63]
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3.3.1 Smartness University: Pre-class Learning Content
Development Systems

A brief summary of our research outcomes for pre-class learning content devel-
opment systems for SmU is presented in Tables 3.4, 3.5, 3.6 and 3.7.

3.3.2 In-class Activities Recording Systems

A brief summary of our research outcomes for in-class activities recording systems
for SmU is presented in Tables 3.8, 3.9, 3.10 and 3.11.

3.3.3 Post-class Activities’ Supporting Systems

A brief summary of our research outcomes for post-class activities’ supporting
systems for SmU is presented in Tables 3.12, 3.13, 3.14 and 3.15.

Table 3.6 Pre-class learning content development systems for smart university: A list of most
important features in existing systems

# Desired system’s
feature

Details

1 Recording from
desktop resources

Allows to record a video of what’s happening on your computer
screen

2 Recording of
streaming audio

Allows to record video and audio streams as they come onto a
computer

3 Scheduled recording Ability to set a time and date for an application to automatically
record what’s happening on computer screen

4 Cropping and splice Allows instructor to crop the unwanted or extra portions from a
recording

5 Convert audio files Allows to convert audio files into MP3, WMA, WAV formats

6 Watermarks and titles Allows instructor to add a title information to the beginning or
end of video and audio files

7 Split/join video and
audio files

Allows instructor to trim unwanted portions away and insert
other elements into video and audio files

8 Cursor effects Selecting important information and highlighting it in recordings

9 Take screenshot Capability to create screenshot images

10 Clean-up audio Ability to fine-tune the audio portion of recording; users can alter
features like volume, pitch, and reduce background noise

11 User forums Provides students with a platform to discuss learning topics

12 Zoom in Ability to zoom in on a portion of your screen helps your
audience focus on and better understand your message.

13 Resize graphics Ability to resize recorded video/graphics to fit window user is
viewing in
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Table 3.7 Pre-class learning content development systems for smart university: A list of
recommended systems

# Name of a system Platform (s) Price per
copy (in $)

Ref. #

Commercial systems

1 Camtasia Studio Windows/Mac $179 yr/$75 yr [42]

2 Adobe Presenter 11 Windows/Mac $149/yr [43]

3 Movavi screen capture studio V7.3.0 Windows/Mac $49.95 per copy [44]

Open source (free) systems

1 Screencast-O-Matic Windows/Mac Open Source [56]

2 CamStudio Windows Open Source [54]

3 Ezvid screen recorder Windows Open Source [55]

NoteSeveral co-authors developed (as a part ofmajor NSF grants in 1999-2004) and actively used their
own Web-lecturing system from 2001 to 2016—the InterLabs system; the examples of developed
online learning content are available at http://www.interlabs.bradley.edu/cis573/. In this case, the
Microsoft Internet Explorer web browser should be used to watch pre-recorded video lectures because
the InterLabs system is based on Microsoft Media player and codecs. However, as a tangible result of
this research project, the same co-authors switched to a very useful and multi-functional
Screen-O-Matic system. Particularly, it significantly helps to create pre-class learning content and
easily post it on YouTube to avoid any potential problems due to various technical platforms (devices)
used by users (students, faculty, or learners) of developed learning content

Table 3.8 In-class activities recording systems for smart university: A list of system’s desired
features

# Desired system’s
feature

Details

1 Screen recording Ability to capture the contents on computer screen like videos, PPT
slides, animations, computer simulations, etc.

2 Live webcasting Ability to webcast (over the Internet) classes online to remote
students

3 Multi camera video Video should be recorded and presented by multiple video cameras
(views)

4 Mobile streaming Allows faculty to broadcast live video from various mobile devices

5 Capturing of
in-classroom activities

All activities (teaching, discussions, presentations, etc.) in a
classroom should be captured and stored (for possible after class
re-play) to provide “presence-in-classroom” effect (feeling) to remote
students

6 Customization Faculty should have an opportunity to create and edit customized
instructional content

7 Sensing and automated
recording

Ability to sense various activities inside a smart classroom and start
recording automatically

8 Video recording
management

Ability to capture video from different angles should be taken and
maintained properly

9 Scheduling and
automation

Basic and general-purpose activities in a smart classroom should be
scheduled and/or automated (for example, an identification and
registration of all in-class and remote students, automatic turn-on and
set-up of all needed equipment in a smart classroom in accordance
with profiles of a specific instructor or particular class, etc.)

10 Media board Facilitates remote students to smoothly interact with local classroom
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3.3.4 Web-Based Audio- and Video-Conferencing Systems

A brief summary of our research outcomes for Web-based audio and
video-conferencing systems for SmU is presented in Tables 3.16, 3.17, 3.18 and 3.19.

3.3.5 Collaborative Learning Systems for Smart University

A brief summary of our research outcomes for collaborative learning systems for
SmU is presented in Tables 3.20, 3.21, 3.22 and 3.23.

Table 3.9 In-class activities recording systems for smart university: A list of analyzed systems

# Name of a system
analyzed

Systems’ developer
(company)

System’s technical
platform(s)

Ref.
#

Commercial systems

1 Panopto Panopto Windows/Mac/Linux [64]

2 Echo360 Lecture Capture Echo360, Inc. Windows [65]

3 Mediasite Sonic Foundry Inc. Windows/Mac/Linux [66]

4 Camtasia TechSmith Windows/Mac [67]

5 Valt Software Intelligent Video
Solutions

Windows/Mac [68]

6 Yuja Lecture
Capture/Room
Webcasting

YuJa Active
Learning

Windows [69]

7 Lecture Recording System Beegeesindia Windows [70]

8 VIDIZMO VIDIZMO Windows/Mac [71]

9 GALICASTER VIDEO
PLATFORM

TELTEK Windows [72]

10 Adobe Presenter 11 Adobe Windows/Mac [73]

Open source (free) systems

1 Opencast Matterhorn Matterhorn Windows/Mac [74]

2 Kaltura Kaltura Windows [75]

3 Class X Classx Linux [76]

4 CamStudio RenderSoft Windows [77]

5 Audionote AudioNote Android/Windows/Mac [78]

6 Lecture Recordings,
Lecture Notes

Everyone Android/Windows/Mac [79]

7 Super Notes SuperNote Android/Windows/Mac [80]

8 SameView Publication Windows [81]

9 INKredible Viet Tran Windows/IOS/Android [82]

10 Squid Steadfast
Innovation, LLC

Windows/IOS/Android [83]
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3.3.6 Context Awareness Systems for Smart University

In the general case, there may be multiple types of context awareness systems to be
used by SmU; they primarily deal with user’s awareness of (a) learning environ-
ment, (b) learning process, (c) location on campus or inside a building, (d) safety or
security inside a building or on campus, etc. As a result, it is almost impossible to
integrate all types of desired user “awareness” in one system. However, below we
provide (a) a united list of most desired features for
learning/environment/location/safety-related context awareness systems for SmU
and (b) lists of identified systems that cover various components or fragments of
learning/environment/ location/safety-related awareness.

Table 3.10 In-class activities recording systems for smart university: A list of most important
features in existing systems

# Desired system’s
feature

Details

1 Video capturing Video of faculty is captured from different angles

2 Computer screen
recording

Ability to capture the contents on computer screen like videos, PPT
presentations, graphics, diagrams, photos, etc.

3 Download and publish
recordings

The recorded learning content can be downloaded from or published
into a repository of files with various components of learning content

4 Multi-point capture Shows both presentation and presenter by capturing video, audio, and
screen (or SMART board) in a smart classroom

5 Live
streaming/Webcasting

Sessions can be made live/online to remote students

6 Voice narration Ability to detect and record the voice of presenting or talking person

7 Capture keyboard
input

Allows students to see what the professor is typing on keyboard of
his/her laptop or desktop computer in smart classroom

8 Easy sharing Recordings should be automatically be added to repository of files

9 Mobile streaming Allow users to broadcast videos from their mobile devices onto main
desktop computer in smart classroom

10 Video management Manage camera and recording settings, view multiple camera feeds,
and set alerts for tampering and motion detection

11 Watch anywhere Plays files directly from browser on any technical platform and device
like mobile, tablet, laptop, etc.

12 Media board Allows remote students to smoothly interact with in-classroom
students

13 Automated recording Ability to sense various activities inside a smart classroom and start
recording automatically

14 Remainders/alerts Alerts are given to the students/faculty/learners before class starts

15 Presentation recording Ability to record presentations by instructor (audio + video + PPT
slides + computer simulations and other components)
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3.4 Towards a Smart University: Developed Components
at Bradley University (Examples)

Bradley University (Peoria, IL, U.S.A.) is actively involved in research and
development of SmU conceptual models, strategies, smart learning environments,
smart classrooms, smart software and hardware systems, etc. in order to move from
a traditional university model towards a well-thought and well-discussed smart
university model. Several Bradley University pioneering initiatives in the area of
design and development of smart classrooms are presented below.

Smart classrooms built (2014–2015, Westlake 316 project). From 2014 to
2016, Bradley University contracted the Crestron company (http://www.crestron.
com) to set up top-quality multimedia Web-lecturing and capturing equipment for
eleven (11) smart classrooms with different software/hardware configurations and
set ups from a generic set of equipment for smart classroom (Fig. 3.2). For
example, a smart classroom in room 316A in Westlake Hall of Bradley University
is equipped with a) 84” smart board (with smart board projector), (2) HD Pro video
camera and corresponding Capture HD software, (3) instructor’s console with a
smart control unit, (4) ceiling-mounted projector, (5) ceiling mounted microphones,
(6) document camera, (7) speakers., and (8) Ponopto software system for recordings
all in-classroom activities, etc.

Smart classroom of the 2nd generation (2017, Bradley 160 project). In 2017,
Bradley University and, specifically, the College of Liberal Arts and Sciences
(LAS), designed and developed a smart classroom of a new generation [11]—it is

Table 3.11 In-class activities recording systems for smart university: A list of recommended
systems

# Name of a system Platform (s) Price per copy (in $) Ref.
#

Commercial systems

1 Panopto Windows/Mac/Linux SaaS, per user $50 [64]

2 Echo360 Lecture
Capture

Windows $400 per classroom or $15 per
student

[65]

3 Mediasite Windows/Mac/Linux $20,000 (for department CS) [66]

Open source (free) systems

1 Opencast
Matterhorn

Windows/Mac Open Source [74]

2 Class X Linux Open Source [75]

3 Kaltura Windows Open Source [76]

Note Bradley University (Peoria, IL, U.S.A.) equipped 11 smart classrooms between 2014 and
2017. The Panopto system has been purchased, installed, and is actively used in 11 smart
classrooms at Bradley to record all in-classroom activities
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considered Phase# 1 (Sep 1, 2016—Feb 1, 2017) of the to-be-developed Center of
Smart Education at LAS College and Bradley University in room 160 of Bradley
Hall at Bradley University—the so-called Bradley 160 project (Fig. 3.3).

As of February 1, 2017, it is equipped with (1) a new type of SMART board—
SMART Board 84—that actually works as a very big tablet with 84-inch touchable
screen (the market cost is about $12,000); (2) twenty one (21) DELL 7459 AIO
computers with built-in 3D video cameras and microphones (the market cost is
about $1,100 per unit); each computer may serve as both desktop computer as well
as flat 24” tablet with touchable screen; (3) ceiling-mounted projectors (market cost
is about $1,000), (4) at least three (as of March 2017) 55” big screen TVs (market
cost is about $750) for virtual presence in a classroom and communication/

Table 3.12 Post-class activities supporting systems for smart university: A list of system’s
desired features

# Desired system’s
feature

Details

1 Video Webcasting Allows instructors to webcast recorded class activities to
students

2 Quizzes and polls Allows instructors to quickly create quizzes and polls and
assign it to a class or individual student within class

3 Mobile streaming Allows instructors to broadcast live video from mobile
devices; in this case, students can access those files using
their mobile devices

4 Media uploading Allows instructors to upload different media content

5 Interactive distance
learning

Facilitates interactive (i.e., with active 2-way
communication) online instructions and/or audio/video
conferencing

6 Secure learning
assignment submission

Allows instructors to post learning assignments on course
web site; allows students to securely submit learning
assignments

7 Automatic publishing Allows instructor to easy publish various course
components and learning content (recorded lectures,
assignments, grades, notes, announcements, etc.) on course
web site

8 Video streams’
management

Allows instructor to manage camera and recording settings,
view multiple camera feeds, and set alerts for tampering and
motion detection

9 Scheduling and
automation

Common learning activities can be scheduled and/or
automated

10 Discussion threads Allows students and instructors to discuss various after a
class

11 Remainders/alerts Facilitates students with remainders and/or alerts about the
assignments

12 Post-editing Allows instructor to edit files with recorded class activities

13 Inside-video search Allows students to search inside the posted videos when
needed
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collaboration with remote/online students, (5) multiple video cameras, (6) speakers,
(7) three students collaboration areas (big tables with chairs that are close to big
screen TVs), and other electronics.

Support of research in Smart University area (Bradley grant REC #
1326809). In 2015, Bradley University OSP awarded one of the co-authors with a
grant to support research, design, and develop conceptual models of a smart uni-
versity, identify suitable software and hardware systems, smart technology, smart
pedagogy, etc., in order to identify and investigate multiple aspects of Bradley
University transition from a traditional university towards a smart university.
A summary of up-to-date research outcomes and findings are already available in
various publications by members of research team [11, 22, 23, 37, 38, 39, 40, and

Table 3.13 Post-class activities supporting systems for smart university: A list of analyzed
systems

# Name of a system analyzed Systems’ developer
(company)

System’s technical platform
(s)

Ref.
#

Commercial systems

1 Panopto Panopto Windows/Mac/Linux [64]

2 Echo360 Lecture Capture Echo360, Inc. Windows [65]

3 Tegrity McGraw Hill
Education

Android/Windows/Mac/IOS [84]

4 Camtasia TechSmith Windows/Mac [67]

5 Adobe Presenter 11 Adobe Windows/Mac [73]

6 Corel Video Studio Pro
X9.5

Corel Windows/Mac [85]

7 Power Director 15 Cyber link Windows/Mac/Linux [86]

8 Yuja Lecture
Capture/Room Webcasting

YuJa Active
Learning

Windows [87]

9 Mediasite Lecture Capture SonicFoundry Windows/Mac/Linux [88]

10 Mediatech Custom
Classroom

Gomediatech Windows [89]

Open source (free) systems

1 Sakai SakaiProject Windows [90]

2 Moodle Moodle Windows/Mac [91]

3 ATutor LMS Atutor Windows/Mac [92]

4 CamStudio RenderSoft Windows [93]

5 RCampus Rcampus Windows [94]

6 Learnopia Learnopia Windows [95]

7 Claroline claroline Windows [96]

8 VideoPad Video Editor NCH software Windows/Mac [97]

9 Jing Techsmith Windows [98]

10 VSDC Free Video Editor Videosoft Windows [99]
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Table 3.14 Post-class activities supporting systems for smart university: A list of most important
features in existing systems

# Desired system’s
feature

Details

1 Integrated quizzes
and polls

Strengthens two-way communication and builds engagement with
the system

2 Inside-video search Provides search of the content of video lectures by automatically
transcribing words used in the lecturer’s visual aids

3 Digital notes and
bookmarks

Facilitates student to type their notes directly into files on his/her
computer or tablet

4 Record videos
anywhere

Provides access to all uploaded and shared screen captures and
recorded videos from anywhere on the Web

5 Secure assignment
submission

Facilities for submission of assignments, their subsequent testing
and marking, and the provision of feedback on assignments to
students

6 Interactive distance
learning

Supports regular and substantive interaction between the students
and the instructor, either synchronously or asynchronously, as well
as student-to-student interaction

7 Mobile streaming Allows users to broadcast live video from their mobile devices
with the touch of a button

8 Media uploading Allows instructors to upload content produced by their institutions,
researchers and even students, regardless of what tools were
originally capture this content

9 Video editor Allows instructor to edit videos after recorded and posted

10 Session management Helps with management of learning or discussion session

11 Chat Facilitates students to chat online

12 Multipoint capture Allows system to capture multiple views from instructor’s screen

13 Pause recording Allows instructor to pause a recording of lectures or class activities

14 Broadcast class live Facilitates instructors to Web-cast classes live (in real time)

Table 3.15 Post-class activities supporting systems for smart university: A list of recommended
systems

# Name of a system Platform (s) Price per copy (in $) Ref.
#

Commercial systems

1 Panopto Windows/Mac/Linux SaaS, per user $50 [64]

2 Echo360 Lecture
Capture

Windows $400 per classroom or $15 per
student

[65]

3 Tegrity Android/Mac/Windows/IOS Need Based [84]

Open source (free) systems

1 Sakai Windows/Mac Open Source [90]

2 Moodle Windows/Mac Open Source [91]

3 ATutor LMS Windows/Mac Open Source [92]

Note Bradley University (Peoria, IL) actively uses the Sakai learning management system and the
Panopto system for various post-class activities. On the other hand, some online programs on
Bradley campus actively use the Pearson Embanet system for full-scale online teaching and online
program management
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41]. As a result, Bradley University installed a well-recognized national and
international profiles in the areas of Smart Education, Smart e-Learning, Smart
Classrooms and Smart University.

As an integral part of this research-focused grant, during Phase # 2 of this project
(Feb 1–May 15, 2017), the Center for Smart Education will be additionally
equipped with multiple identified, analyzed and tested software systems for smart
education (as described above) and corresponding smart devices.

Additionally, a special emphasis in this research project is given to installation,
analysis and testing of software systems to support students with disabilities in the
Center of Smart Education [39, 41].

3.5 Conclusions. Future Steps

Conclusions. The performed research, and obtained research findings and out-
comes enabled us to make the following conclusions:

(1) Leading academic intuitions all over the world are investigating ways to
transform the traditional university into a smart university and benefit from the
advantages of a smart university. Smart University concepts, principles,

Table 3.16 Web-based audio- and video-conferencing systems for smart university: A list of
system’s desired features

# Desired system’s
feature

Details

1 Recording Allows users to record video and/or audio conference and review it
when needed

2 Chat/text Allows students and faculty to chat or send instant textual messages

3 Voice calling Allows users to make voice calls to other users available online

4 Video
conferencing

Allows users to make video calls to others online users using the
Internet

5 Web casting Allows live stream video meetings on different media and/or record
them for post-editing

6 Mobility Facilitates conversations to be synchronized across various technical
platforms such as make or receive voice or video calls over Wi-Fi with
devices that use iOS and Android operating systems

7 Screen sharing Facilitates faculty and students to share their desktop screen with each
other and other students (usually, this feature is controlled by an
instructor)

8 File sharing Allows faculty to share different files with students

9 Group
conversations

Facilitates creation of various student groups, a single group calling to
multiple selected students at a time, and sharing information between
them

10 Drawing tools Facilitates user to make notes or mark certain fragments on computer
screens and videos to highlight certain things on screen or video
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technologies, systems, and pedagogy will be essential parts of multiple
research, design, and development projects in upcoming years.

(2) Our vision of SmU is based on the idea that SmU—as a smart system—should
implement and demonstrate significant maturity at various “smartness” levels
(Table 3.1) or distinctive smart features, including (1) adaptation, (2) sensing
(awareness), (3) inferring (logical reasoning), (4) self-learning, (5) anticipation,
and (6) self-organization and re-structuring—the corresponding research out-
comes are presented in Table 3.2.

(3) It is necessary to create a taxonomy of a smart university, i.e. to identify and
classify SmU main (a) features, (b) components (smart classrooms, techno-
logical resources—systems and technologies, human resources, financial
resources, services, etc.), (c) relations (links) between components, (d) inter-
faces, (e) inputs and outputs, and (f) limits/constraints. The premise will
(a) enable SmU designers and developers to identify and predict most effective
software, hardware, pedagogy, teaching/learning activities, services, etc., for
the next generation of a university—smart university—and (b) help traditional

Table 3.17 Web-based audio- and video-conferencing systems for smart university: A list of
analyzed systems

# Name of a system
analyzed

Systems’ developer
(company)

System’s technical
platform(s)

Ref.
#

Commercial systems

1 Cisco Webex Cisco Windows/Mac/Linux [99]

2 Go to Meeting Citrix Windows/Mac [100]

3 ClickMeeting ClickMeeting Windows/Mac [101]

4 Readytalk ReadyTalk Windows/Mac [102]

5 BigMarker BigMarker Windows/Mac [103]

6 Adobe connect Adobe Windows/Mac/Linux [104]

7 Onstream meeting OnStream Windows/Mac [105]

8 Blackboard
collaborate

Blackboard Windows/Mac [106]

9 Ring Central RingCentral Windows/Mac/Linux [107]

10 GlobalMeet PGI Windows/Mac [108]

Open source (free) systems

1 Google Hangouts Google Windows/Mac [109]

2 Skype Microsoft Windows/Mac [110]

3 BigBlueButton BigBlueButton GNU/Linux [111]

4 Meeting Burner MeetingBurner Windows/Mac [112]

5 Join.me Join me Windows/Mac [113]

6 Team viewer TeamViewer Windows/Mac [114]

7 Zoom Zoom Windows/Mac [115]

8 Zoho Meeting Zoho Windows/Mac [116]

9 Mikogo Mikogo Windows/Mac [117]

10 Yugma Yugma Windows/Mac/Linux [118]
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Table 3.18 Web-based audio- and video-conferencing systems for smart university: A list of
most important features in existing systems

# System’s feature Details

1 Accessibility Easy (and intuitive) use of a system by students and faculty

2 Flexibility Provides support (mobile applications) to various mobile
communication devices –smartphones, tablets, etc. for secure and
reliable business and personal communication

3 Call management Allows user to maintain and manage calls

4 Instant messaging Allows students and faculty to chat or send instant textual messages

5 Voice calling Allows users to make voice calls to other online users

6 Video
conferencing

Allows users to make video calls to others online users using the
Internet

7 Web casting Allows live stream video meetings on different media and/or record
them for post-editing

8 Cross Platform Facilitates conversations to sync across the devices make or receive
voice or video calls over Wi-Fi with iOS and android.

9 Screen sharing Facilitates faculty and students to share their desktop screen with each
other and other students (usually, this feature is controlled by an
instructor)

10 File sharing Allows faculty to share different files with students

11 Group
conversations

Facilitates creation of various student groups, a single group calling to
multiple selected students at a time, and sharing information between
them

12 Drawing tools Facilitates user to make notes or mark certain fragments on computer
screens and videos to highlight certain things on screen or video

13 Zoom and
annotate

Zoom in on what is being shared and annotate your application or
slideshow

14 Multiple monitor
support

Presenters can switch between multiple monitors during a meeting;
typically, the presenter will set up a specific monitor to use for
desktop sharing

Table 3.19 Web-based audio- and video-conferencing systems for smart university: A list of
recommended systems

# Name of a system Platform (s) Price per copy (in $) Ref.#

Commercial systems

1 Cisco Webex Windows/Mac/Linux $19/month Annually [99]

2 Go To Meeting Windows/Mac $19/month Annually [100]

3 ClickMeeting Windows/Mac $25/month Annually [101]

Open source (free) systems

1 Google Hangouts Windows/Mac Open Source [109]

2 Skype Windows/Mac Open Source [110]

3 BigBlueButton GNU/Linux Open Source [111]
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Table 3.20 Collaborative learning systems for smart university: A list of system’s desired
features

# Desired system’s feature Details

1 Web-based meetings at any
time

Allows students/learners/faculty at different locations to work as
a virtual group of project members, have online meetings/
discussions, and share content or documents in real time over
the Internet

2 Shared whiteboard space Allows in-class and remote students and faculty to work
together in real time over the Internet and communicate each
other’s thoughts and ideas and share content (using special or
smart boards or tables)

3 Active online discussions and
communications

Students can openly discuss and share their thoughts with their
group of students, project team members or everyone in the
class

4 File uploading and sharing Faculty, students, learners, and tutors can upload different files
related to student groups’ activities and course learning content
and share them online with a group or all classmates

5 Problem-based learning Team-based working on student project improves student
engagement and retention of learning content

6 Group calling and
communication

Student group leader or moderator or tutor can call a group
virtual meeting and talk to a particular group of students/
learners (probably course project team members) online using
various available Web-based communication tools

7 Chat/group chat Student can talk to other student or a group of students and
share ideas/thoughts/docs

8 Annotation of readings Allows students to add notes for clarity of understanding and
visually communicate thoughts/ideas/questions to other
members in student group or project

9 Scheduling Student group leader or moderator or tutor can schedule various
events/meetings/sessions with various groups of students

10 Customizing content and docs
to be discussed

Student group leader or moderator or tutor should be able to
customize the content for a group or individual advising session
as needed per each student group or individual student

11 Recording of collaborative
learning sessions

All audio/video collaborative learning sessions should be
recorded for possible re-play (if needed later by student group
members)

12 Screen capturing Student group leader or moderator or tutor should be able to
capture all activities/processes/graphics on group’s main
(shared) computer screen or smart board, record, store and re-
play them (if needed); it is especially important feature for
“brain storming” types of collaborative group-base meetings or
sessions when student bring/write ideas onto Web-based virtual
“table/desk”

13 Assignments/quizzes and
review/grading reports

Student group leader or moderator or tutor should be able to
create assignments for various groups of students, and provide
those groups with review/grading outcomes (like grading
reports)

(continued)

3 Smart University: Conceptual Modeling and Systems’ Design 73



universities to understand, identify, and evaluate paths for a transformation into
a smart university. The proposed and developed conceptual modes of SmU are
presented in Sect. 3.2 above.

(4) Based on our vision of SmU and outcomes of our research, SmU may have
multiple components of a traditional university; however, it must have

Table 3.20 (continued)

# Desired system’s feature Details

14 Notifications Students should be notified about a scheduled or new upcoming
event or activity

15 Reports Ability to generate automatically various types of reports on
student group activities or individual student academic
performance (attendance of virtual group meetings, time spent
on virtual discussions, time spent on completing test or quiz,
number of attended virtual group meetings per week, etc.)

Table 3.21 Collaborative learning systems for smart university: A list of analyzed systems

# Name of a system
analyzed

Systems’ developer
(company)

System’s technical
platform(s)

Ref.
#

Commercial systems

1 Basecamp Basecamp Windows, Mac, Linux [119]

2 Yammer Yammer, Microsoft Windows, Android,
IOS

[120]

3 Blackboard Blackboard Windows, Mac [121]

4 Haikyulearning Haikyu Windows, Mac,
Android

[122]

5 OpenText FirstClass OpenText Windows, Mac, Linux [123]

6 LiveText LiveText Windows, Mac, Linux [124]

7 Yugma YSL Windows, Mac, Linux [125]

8 Twiddla Twiddla Windows, Mac [126]

9 Mindmeister Mindmeister Windows, Mac [127]

10 Mikogo mikogo.com Windows, Mac, Linux [128]

Open source (free) systems

1 Edmodo edmodo.com Windows/Mac [129]

2 Wikispaces Tangient LLC Windows, Mac [130]

3 Wiggio Wiggio Windows/Mac [131]

4 Skype, Outlook Microsoft Cross platform [132]

5 Connect McGraw-Hill Education Windows, Mac [133]

6 Sloodle Sloodle Windows, Mac [134]

7 Google Drive,
Hangouts

Google Cross platform [135]

8 Web Poster Wizard ALTEC [136]

9 OpenStudy OpenStudy Windows, Mac [137]

10 Oovoo Oovoo LLC Windows, Mac,
Android

[138]
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Table 3.22 Collaborative learning systems for smart university: A list of most important features
in existing systems

# System’s feature Details

1 Web-based meetings at any
time

Allows students/learners/faculty at different locations to
work as a virtual group of project members, have online
meetings/discussions, and share content or documents in
real time over the Internet

2 Shared whiteboard space Allows in-class and remote students and faculty to work
together in real time over the Internet and communicate
each other’s thoughts and ideas and share content (using
special or smart boards or tables)

3 Active online discussions
and communications

Students can openly discuss and share their thoughts
with their group of students, project team members, or
everyone in the class

4 File uploading and sharing Faculty, students, learners, and tutors can upload
different files related to student groups’ activities and
course learning content and share them online with a
group or all classmates

5 Chat/group chat Student can talk to other student or a group of students
and share ideas/thoughts/docs

6 Annotation of readings Allows students to add notes for clarity of understanding
and visually communicate thoughts/ideas/questions to
other members in student group or project

7 Scheduling Student group leader or moderator or tutor can schedule
various events/meetings/sessions with various groups of
students

8 Customizing content and
docs to be discussed

Student group leader or moderator or tutor can to
customize the content for a group or individual advising
session as needed per each student group or individual
student

9 Recording of collaborative
learning sessions

All audio/video collaborative learning sessions should
be recorded for possible re-play (if needed later by
student group members)

10 Screen capturing Student group leader or moderator or tutor should be
able to capture all activities/processes/graphics on
group’s main (shared) computer screen or smart board,
record, store and re-play them (if needed); it is
especially important feature for “brain storming” types
of collaborative group-base meetings or sessions when
student bring/write ideas onto Web-based virtual
“table/desk”

11 Notifications Students should be notified about a scheduled or new
upcoming event or activity

12 Reports Ability to generate automatically various types of
reports on student group activities or individual student
academic performance (attendance of virtual group
meetings, time spent on virtual discussions, time spent
on completing test or quiz, number of attended virtual
group meetings per week, etc.

(continued)
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numerous additional components to support and maintain SmU distinctive
features—a summary of our research outcomes is presented in Table 3.3 above.

(5) One of the most distinctive features of SmU will be multiple software systems
that are usually not used by a traditional university. The obtained research data
on this topic is summarized in twenty-four (24) tables presented in Sect. 3.3
above. Our research team carefully analyzed 120 + suitable software systems,
carefully tested 50+ systems, and recommended 18 open-source (free) and 18

Table 3.22 (continued)

# System’s feature Details

13 Search User should be able to search and find a specific item in
the system

14 Assignments/quizzes and
review/grading reports

Student group leader or moderator or tutor should be
able to create assignments for various groups of
students, and provide those groups with review/grading
outcomes (like grading reports)

15 Group calling and
communication

Student group leader or moderator or tutor can call a
group virtual meeting and talk to a particular group of
students/learners (probably course project team
members) online using various available Web-based
communication tools

17 Flexibility of software Easy to understand and use by students software tools
inside the system; easy access to registered students or
group of students at any time and from anywhere

18 Interactive collaborative
lessons

Highly interactive group meetings and/or sessions with
2-way high quality and reliable
audio/video/communication to increase students
engagement into collaborative learning and brain
storming (research) activities

19 Monitoring and trackability Instructor/group leader/mentor/tutor is able to easy
monitor and track student group’s activities, progress in
a particular project or task, and also individual student’s
involvement and progress in a specific task or project or
assignment

Table 3.23 Collaborative learning systems for smart university: A list of recommended systems

# Name of a system Platform (s) Price per copy (in $) Ref. #

Commercial systems

1 Basecamp Windows, Mac, Linux $29 per month [119]

2 Yammer Windows, Android, IOS $12.50 per month/user [120]

3 Blackboard Windows, Mac N/A (need based) [121]

Open source (free) systems

1 Edmodo Windows, Mac Open Source [129]

2 Wikispaces Windows, Mac Open Source [130]

3 Wiggio Windows, Mac Open Source [131]
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commercial systems for possible deployment by SmU—see Tables 3.7, 3.11,
3.15, 3.19, 3.23, 3.27 for details.

(6) Bradley University already created and implemented several smart classrooms
in its curricula. A design and development of a pioneering smart classroom of
the 2nd generation started in 2016. The details of developed smart classrooms
are described in Sect. 3.4 above. Based on the pilot teaching of classes in smart

Table 3.24 Context awareness systems for smart university: A list of system’s desired features

# Desired system’s feature Details

1 Adaptation Leaning context awareness and adaptation of learning
activities, teaching style and the learning content in accordance
with a) current (available) learning environment, b) academic
background of current students, c) instructor’s current needs
and/or profile, d) students’ current needs, etc.

2 Dashboard monitoring In general, monitoring of various situations and providing
metrics; particularly, monitoring of quality of learning by
students, student activities, student academic performance, etc.

3 Face finding and
recognition

Detects faces of different people in various types of
environment—learning environment (in classroom, in a lab),
buildings, on campus, etc.

4 Motion detection and
recognition

To sense or detect motion of different people and objects in a
classroom, lab, building, on campus, etc.

5 Gesture recognition To identify the gestures used by instructor, TA, tutor, or
students in learning environment

6 Smart surveillance Monitoring of activities or behavioral patterns or any changes
in learning environment using different types of smart devices;
particularly, this feature is important for safety and security in
the classrooms, labs, buildings, and on campus

7 Recording Automatic high quality audio and video recording of various
activities (situations) in classrooms, labs, buildings, and
various areas on campus

8 Predictive analytics Processed data obtained from various sensors make predictions
about nest steps/actions in learning activities, or location on
campus, or safety, security, etc.

9 Quick video processing
and analytics

Quick and relatively easy processing of big data from the
videos recorded (for example, surveillance video cameras) and
processing of these data (getting analytics)

10 Quick and easy access
from anywhere

Easy access by instructor (or, probably, safety officer) to real
time or recorded video/audio/information from almost
anywhere, but at least from a central context awareness unit
(system)

11 Notifications Send regular notifications via Email, text message, or phone
call

12 Alerts Broadcast real time immediate safety or security alerts to all
people on campus and mass notifications in case of emergency

13 Smart navigation Provides users with high accurate data about unknown
locations
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classrooms, the obtained feedback from faculty and students clearly shows a
keen interest from students in high-tech smart education, a significant research
interest from faculty to implement various smart systems and devices into smart
classroom and smart education, and, in general, proved the correctness of major
design and development proposals and solution to build and actively use smart
classroom in Bradley curriculum.

Next steps. The next steps (Summer 2017—December 2018) of this
multi-aspect research, design, and development project deal with

(1) Implementation, analysis, testing, and quality assessment of numerous compo-
nents of smart software and hardware systems, smart devices, smart technology,
and smart pedagogy in everyday teaching of classes in smart classrooms.

(2) Implementation, analysis, testing, and quality assessment of numerous com-
ponents of smart software and hardware systems, smart devices, and smart

Table 3.25 Context awareness systems for smart university: A list of analyzed systems

# Name of a system
analyzed

Systems’ developer
(company)

System’s technical
platform(s)

Ref.
#

Commercial systems

1 NiceVision (Qognify) Qognify Windows, Mac [139]

2 Blue Iris Perspective Software Windows [140]

3 Sighthound Singhthound Inc Windows [141]

4 EyeLine Video
Surveillance

NCH Software Windows [142]

5 SARA Status Solutions Windows [143]

6 ZoneTrigger Omega Windows [144]

7 Video Insight VI monitor
6

Panasonic Windows [145]

8 Fibaro Fibar Group Windows [146]

9 Nice Vision Qognify Windows [147]

10 IP Video Surveillance
Software

Qognify Windows [148]

Open source (free) systems

1 Capturix (Software Set) Capturix Technologies Windows [149]

2 Video surveillance
software

Contaware Windows [150]

3 ISPY Connect DeveloperInABox Windows [151]

4 Intrance Motion detector Intrance software Windows [152]

5 Zone Minder ZoneMinder Windows, Linux [153]

6 Active WebCam PY Software Windows [154]

7 123Motion 1 MakeItEasy Windows [155]

8 WebCam monitor DeskShare Windows [156]

9 Yawcam Yawcam Windows [157]

10 Netcam Studio Netcam Studio Windows, Mac [158]
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Table 3.26 Context awareness systems for smart university: A list of most important features in
existing systems

# System’s feature Details

1 Adaptation Leaning context awareness and adaptation of learning activities,
teaching style, and the learning content in accordance with
(a) current (available) learning environment, (b) academic
background of current students, (c) instructor’s current needs and/or
profile, (d) students’ current needs, etc.

2 Dashboard monitoring In general, monitoring of various situations and providing metrics;
particularly, monitoring of quality of learning by students, student
activities, student academic performance, etc.

3 Face finding and
recognition

Detects faces of different people in various types of environment—
learning environment (in classroom, in a lab), buildings, on campus,
etc.

4 Motion detection and
recognition

To sense or detect motion of different people and objects in a
classroom, lab, building, on campus, etc.

5 Gesture recognition To identify the gestures used by instructor, TA, tutor or students in
learning environment

6 Smart surveillance Monitoring of activities or behavioral patterns or any changes in
learning environment using different types of smart devices;
particularly, this feature is important for safety and security in the
classrooms, labs, buildings, and on campus

7 Recording Automatic high quality audio and video recording of various
activities (situations) in classrooms, labs, buildings, and in various
areas on campus

8 Predictive analytics Process data obtained from various sensors, and make predictions
about nest steps/actions in learning activities, or location on campus,
or safety, security, etc.

9 Quick video processing
and analytics

Quick and relatively easy processing of big data from the videos
recorded (for example, surveillance video cameras) and processing
of these data (getting analytics)

10 Quick and easy access
from anywhere

Easy access by instructor (or, probably, safety officer) to real time or
recorded video/audio/information from almost anywhere, but at least
from a central context awareness unit (system)

11 Notifications Send regular notifications via Email, text message, or phone call

12 Alerts Broadcast real time immediate safety or security alerts to all people
on campus and mass notifications in case of emergency

13 Smart Search Smart Search features in video management software allow users to
set up specific search parameters to quickly scan the most relevant
clips in recordings

14 Protocols Special protocols/rules/regulations to identify problems and make
improvements to prevent any significant injures, damages, loss of
life, property, business, convenience, or comfort

15 Mobile supportive
applications

Active use of various multiple mobile applications on smart phones
to (1) inform/alert students/faculty/learners/staff about any unwanted
events or activities on campus, and (2) and help them to with
information to avoid/escape from those situations to secure
environment

16 Active use of ONVIF
standards

Active use of ONVIF—Open Network Video Interface Forum—
standards in all SmU network video products to provide
compatibility of and synchronization in IP video cameras and
systems from different manufacturers
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technology at Bradley Hall (the home of majority of departments of the College
of Liberal Arts and Sciences) and in some areas of the Bradley University
campus.

(3) Organization and implementation of summative and formative evaluations of local
and remote students and learners, faculty and professional staff, administrators, and
university visitors with a focus to collect sufficient data on quality of SmU main
components—features, software, technologies, hardware, services, etc.

Table 3.27 Context awareness systems for smart university: A list of recommended systems

# Name of a system Platform (s) Price per copy (in $) Ref.
#

Commercial systems

1 NiceVision (Qognify) Windows, Mac Need based [139]

2 Blue Iris Windows, Mac $59.95/yr [140]

3 Sighthound Windows, Mac,
Linux

Basic license $60/Pro license
$$250

[141]

Open source (free) systems

1 Capturix (Software
Set)

Windows, Mac Open Source [149]

2 Video surveillance
software

Windows Open Source [150]

3 ISPY Connect Windows Open Source [151]

Fig. 3.2 A set of smart devices for usual smart classroom
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(4) Creation of a clear set of recommendations (technological, structural, financial,
curricula, etc.) regarding a transition of a traditional university into a smart
university.
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http://atomisystems.com/activepresenter/
https://www.techsmith.com/jing.html
http://www.webinaria.com/
http://www.sketchman-studio.com/rylstim-screen-recorder/
http://icecreamapps.com/Screen-Recorder/
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http://www.mhhe.com/tegrity/product.html
http://www.videostudiopro.com/en/products/videostudio
http://www.cyberlink.com/downloads/trials/powerdirector-ultra/download_en_US.html
http://www.cyberlink.com/downloads/trials/powerdirector-ultra/download_en_US.html
http://www.yuja.com/lecture-capture/
http://www.sonicfoundry.com/solutions/education/lecture-capture/
http://www.sonicfoundry.com/solutions/education/lecture-capture/
http://gomediatech.com/wp/custom-classrooms/
https://www.sakaiproject.org/
https://moodle.org/
http://www.atutor.ca/
http://www.rcampus.com/login.cfm?&fltoken=1459290664125&
http://www.learnopia.com/search/
http://www.claroline.net/


96. Videopad, http://www.nchsoftware.com/videopad/
97. Jing, https://www.techsmith.com/jing.html
98. VSDC Free Video Editor, http://www.videosoftdev.com
99. Cisco Webex, http://www.webex.com/
100. Go To Meeting, http://www.gotomeeting.com/
101. ClickMeeting, https://clickmeeting.com/solutions/education
102. ReadyTalk, https://www.readytalk.com/products-services
103. BigMarker, http://www.bigmarker.com/
104. Adobe Connect, http://www.adobe.com/products/adobeconnect.html
105. OnStream meeting, http://www.onstreammedia.com/onstream_meetings.php
106. Blackboard Collaborate, http://www.blackboard.com/
107. Ring Central, http://www.ringcentral.com/
108. GlobalMeet, https://www.globalmeet.com/
109. Google Hangouts, https://hangouts.google.com/
110. Skype, https://www.skype.com/en/
111. Bigbluebutton, http://bigbluebutton.org/
112. Meeting Burner, https://www.meetingburner.com/
113. Join me, https://www.join.me/
114. Team Viewer, https://www.teamviewer.com/en/
115. Zoom, https://zoom.us/
116. Zoho meeting, https://www.zoho.com/meeting/
117. Mikogo, https://www.mikogo.com/
118. Yugma, https://www.yugma.com/download/allproducts-jvm.php
119. Basecamp, https://basecamp.com/
120. Yammer, https://www.yammer.com
121. Blackboard, http://www.blackboard.com/learning-management-system/collaborative-

learning-platform.aspx
122. HaikyuLearning, http://www.haikulearning.com/
123. OpenText FirstClass, http://www.opentext.com/what-we-do/products/specialty-

technologies/firstclass
124. LiveText, https://www.livetext.com/
125. Yugma, https://www.yugma.com/index.php
126. Twiddla, https://www.twiddla.com/
127. Mindmeister, https://www.mindmeister.com/signup/educational
128. Mikogo, https://www.mikogo.com
129. Edmodo, https://www.edmodo.com
130. WikiSpaces Classroom, https://www.wikispaces.com/content/classroom
131. Wiggio, https://wiggio.com/
132. Skype, https://www.skype.com/en/download-skype/skype-for-computer/
133. Connect, http://www.mheducation.com/highered/platforms/connect/instructor-

backtoschool2016/testimonials.html
134. Sloodle, https://www.sloodle.org/
135. Google Drive, https://drive.google.com
136. Web Poster Wizard, http://poster.4teachers.org/
137. OpenStudy, http://openstudy.com/
138. Oovoo, http://www.oovoo.com/
139. NiceVision (Qognify), http://www.qognify.com/nicevision/
140. Blue Iris, http://blueirissoftware.com/
141. Sighthound, https://www.sighthound.com/products/sighthound-video
142. EyeLine, http://www.nchsoftware.com/surveillance/
143. SARA (Situation Awareness and Response Assistant), http://www.statussolutions.com/

technologies/automated-alerting
144. ZoneTrigger, http://www.zonetrigger.com/motion-detection/
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145. VI Monitor 6 Video Management Software, http://www.video-insight.com/products-video-
management-software.php

146. Fibero, http://www.fibaro.com/en/the-fibaro-system/motion-sensor
147. Nice Vision, http://www.qognify.com/nicevision/
148. IP Video Surveillance, http://www.qognify.com/ip-video-surveillance-software/
149. Capturix (software set), http://www.capturix.com/
150. Video surveillance software, http://www.contaware.com/
151. ISPY Connect, http://www.ispyconnect.com/
152. Intrance Motion detector 2.0, http://www.tucows.com/preview/329773/Intrance-Motion-

Detector
153. ZoneMinder, https://www.zoneminder.com/
154. Active WebCam, http://www.pysoft.com/ActiveWebCamMainpage.htm
155. Motion 1, http://www.tucows.com/preview/405108/123Motion
156. WebCam monitor, http://www.deskshare.com/wcm.aspx
157. Yawcam, http://www.yawcam.com/
158. Netcam Studio, http://www.netcamstudio.com/
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Chapter 4
Smart University: Software Systems
for Students with Disabilities

Jeffrey P. Bakken, Vladimir L. Uskov, Suma Varsha Kuppili,
Alexander V. Uskov, Namrata Golla and Narmada Rayala

Abstract Smart universities, smart classrooms and smart education are the wave of
the future in a highly technological society. One of the distinctive features of a
smart university is its ability of adaptation to and smooth accommodation of various
types of students/learners such as regular students and life-long learners,
in-classroom/local and remote/online students/learners, regular students and special
students, i.e. students with various types of disabilities including physical, visual,
hearing, speech, cognitive and other types of impairments. This chapter presents the
outcomes of an ongoing research project aimed at systematic identification, anal-
ysis, and testing of available open source and commercial text-to-voice,
voice-to-text and gesture recognition software systems—those that could signifi-
cantly benefit students with disabilities. Based on obtained outcomes of completed
research and analysis of designated systems we identified and recommended top
text-to-voice, voice-to-text and gesture recognition software systems for imple-
mentation in smart universities.

Keywords Software systems � Students with disabilities � Text-to-speech �
Voice-to-text � Gesture recognition � Smart university

4.1 Introduction

Smart universities (SmU) and smart classrooms (SmC) can create multiple inno-
vative opportunities for students to learn material and communicate to classmates in
a variety of highly technological ways. In addition, they can give students who
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would normally not have access to these learning materials opportunities to interact
with digital learning content as well as the instructors and other in-classroom and/or
remote/online students. Although not designed or even conceptualized to benefit
students with disabilities, this concept would definitely have an impact on the
learning process and access to learning content for students with different types of
disabilities.

4.1.1 Literature Review

4.1.1.1 Smart Classrooms: Literature Review

Pishva and Nishantha in [1] define a SmU as an intelligent classroom for teachers
involved in distant education that enables teachers to use a real classroom type
teaching approach to teach distant students. “Smart classrooms integrate
voice-recognition, computer-vision, and other technologies, collectively referred to
as intelligent agents, to provide a tele-education experience similar to a traditional
classroom experience” [1].

Glogoric, Uzelac and Krco [2] addressed the potential of using
Internet-of-Things (IoT) technology to build a SmU. “Combining the IoT tech-
nology with social and behavioral analysis, an ordinary classroom can be trans-
formed into a smart classroom that actively listens and analyzes voices,
conversations, movements, behavior, etc., in order to reach a conclusion about the
lecturers’ presentation and listeners’ satisfaction” [2].

Slotta, Tissenbaum and Lui [3] described an infrastructure for SmUs called the
Scalable Architecture for Interactive Learning (SAIL) that “employs learning
analytic techniques to allow students’ physical interactions and spatial positioning
within the room to play a strong role in scripting and orchestration”.

Koutraki, Efthymiou, and Grigoris [4] developed a real-time, context-aware
system, applied in a SmU domain, which aims to assist its users after recognizing
any occurring activity. The developed system “…assists instructors and students in
a smart classroom, in order to avoid spending time in such minor issues and stay
focused on the teaching process” [4].

Given all the research publications that focus on SmUs, no literature was located
on “SmC’s software systems and students with disabilities” topic. This is the reason
that this topic is in the center of our research activities.

4.1.1.2 Smart Universities: Literature Review

Coccoli in [5] argue that “…primary focus of SmU is in the education area, but they
also drive the change in other aspects such as management, safety, and environ-
mental protection. The availability of newer and newer technology reflects on how
the relevant processes should be performed in the current fast changing digital era.
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This leads to the adoption of a variety of smart solutions in university environments
to enhance the quality of life and to improve the performances of both teachers and
students. Nevertheless, we argue that being smart is not enough for a modern
university. In fact, all universities should become smarter in order to optimize
learning. By “smarter university” we mean a place where knowledge is shared
between employees, teachers, students, and all stakeholders in a seamless way” [5].

Aqeel-ur-Rehman et al. in [6] present the outcomes of their research on one
feature of future SmU—sensing with RFID (Radio frequency identification) tech-
nology; it should benefit students and faculty with identification, tracking, smart
lecture room, smart lab, room security, smart attendance taking, etc.

Lane and Finsel in [7] emphasize the importance of the big data movement and
how it could help to build smarter universities. “Now is the time to examine how
the Big Data movement could help build smarter universities—in situations that can
use the huge amounts of data they generate to improve the student learning
experience, enhance the research enterprise, support effective community outreach,
and advance the campus’s infrastructure. While much of the cutting-edge research
being done with Big Data is happening at colleges and universities, higher edu-
cation has yet to turn the digital mirror on itself to innovate the academic enterprise”
[7]. Big data analytics systems will strongly support inferring characteristic of a
SmU.

Al Shimmary et al. in [8] analyzed advantages of using RFID and WSN tech-
nology in development of SmU. “The developed prototype shows how evolving
technologies of RFID and WSN can add in improving student’s attendance method
and power conservation”. RFID, WSN as well as Internet-of-Things technology are
expected to significant parts of a SmU and strongly support sending characteristics
of SmU.

Doulai in [9] presents a developed system for a smart campus. This system “…
that offers an integrated series of educational tools that facilitate students’ com-
munication and collaboration along with a number of facilities for students’ study
aids and classroom management. The application of two widely used technologies,
namely dynamic web-based instruction and real-time streaming, in providing
support for “smart and flexible campus” education is demonstrated. It is shown that
the usage of technology enabled methods in university campuses results in a model
that works equally well for distance students and learners in virtual campuses”.

Yu et al. in [10] argue that “… with the development of wireless communication
and pervasive computing technology, smart campuses are built to benefit the faculty
and students, manage the available resources and enhance user experience with
proactive services. A smart campus ranges from a smart classroom, which benefits
the teaching process within a classroom, to an intelligent campus that provides lots
of proactive services in a campus-wide environment”. The authors described 3
particular systems—Wher2Study, I-Sensing, and BlueShare—that provide sensing,
adaptation, and inferring smart features of a SmU.

One area that so far has had a limited attention is “students with disabilities and
SmU”. Although features, components, and systems of SmU taxonomy have been
discussed in [11], only one publication could be located that discussed SmU, SmC,
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and students with disabilities [12]. Given that 10% of all school/college/university
students have some kind of disabilities, this is definitely an area that needs a more
thorough investigation.

4.2 Students with Disabilities and Software Systems

Categories of students with disabilities. Students of schools/colleges/universities
may experience a variety of different categories of disabilities; they include but are
not limited to:

(1) Deaf/hearing impairments
(2) Learning disabilities
(3) Physical disabilities
(4) Psychological/neurological disorders
(5) Speech or language impairments
(6) Visual impairments
(7) Cognitive impairments

Software systems for students with disabilities. Software systems allow stu-
dents with disabilities equal access in the classroom and learning environments.
Often these systems also help them learn more efficiently and effectively and in
many cases allow them to interact better with their professor and classmates. Where
traditional classrooms do not specifically address software systems and how stu-
dents with disabilities could be impacted, the implementation of specific advanced
software systems in SmU and learning environments would definitely approach
learning barriers from the perspective of universal accessibility: providing greater
learning opportunities for all students in the SmU classroom—including students
with disabilities.

A list of possible software systems that may benefit students with various types
of disabilities are listed in Table 4.1.

Bradley University and students with disabilities. Bradley University (Peoria,
IL USA) is a top-ranked private university that offers 5,400 undergraduate and
graduate students opportunities and resources of a larger university and the personal
attention and exceptional learning experience of a smaller university. Bradley offers
more than 185 undergraduate and 43 graduate academic programs in business,
communications, education, engineering, fine arts, health sciences, liberal arts and
sciences, and technology.

The Center for Learning and Access (CLA) at Bradley University is the
University’s primary academic support service responsible for helping students
acquire skills essential to achieve academic and personal success (https://www.
bradley.edu/offices/student/cla/). Under the CLA umbrella, the Office of Access
Services currently serves approximately 310 students (or, about 6% of the total
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student number) that have provided appropriate documentation and registered for
services.

In accordance with information from Bradley’s Center for Learning and Access
(CLA) the current distribution of students with disabilities at Bradley by various
designated categories is follows: (1) with a health impairment—19 students,
(2) with a hearing impairment—6 students, (3) with learning disabilities—84 stu-
dents, (4) with a physical disability—5 students, (5) with psych/neuro impairments
—186 students, including 11 students with ASD (Autism Spectrum Disorder) and
61 students with ADHD (Attention Deficit Hyperactivity Disorder), (6) with a
speech impairment—2 students, and (7) with a visual impairment—8 students.

The software systems currently in use at CLA by various categories of students
with disabilities at Bradley University are summarized in Table 4.2.

Table 4.1 Types of students with disabilities and software systems that may be beneficial

Category of
disabilities

Software systems that may benefit these types of students

Deaf/hearing
impairments

Voice-to-text software systems, assistive listening systems, touch
screen technology, eye gaze software, auditory tools (headset worn
by user to limit distractions), writing software (Inspiration), closed
captioning, video camera, real-time captioning

Learning disabilities Text-to-voice, voice-to-text, gesture recognition and facial
recognition software systems, touch screen technology, systems to
improve auditory processing abilities, systems to develop basic math
skills and mathematical reasoning, systems to improve
organizational and memorization skills, systems to improve reading
skills, talking word processors, word prediction software, spelling
software, writing software (Inspiration)

Physical disabilities Text-to-voice, voice-to-text, gesture recognition software systems,
sip-and-puff systems, touch screen technology, switch access
(clicker), eye gaze software, screen magnification software, talking
word processors

Psychological/
neurological disorders

Text-to-voice, voice-to-text, gesture recognition and facial
recognition software systems, touch screen technology, spelling
software, writing software (Inspiration)

Speech or language
impairments

Text-to-voice, voice-to-text, gesture recognition and facial
recognition software systems, touch screen technology, speech
synthesizers, talking word processors, word prediction software,
spelling software, writing software (Inspiration)

Visual impairments Text-to-voice software systems, voice-to-text software systems,
screen magnification and readers software systems, talking word
processors, screen review systems, audio books, spelling software

Cognitive impairments Text-to-voice, voice-to-text, gesture recognition and facial
recognition software systems, touch screen technology, switch
access (clicker), eye gaze software, screen magnification software,
talking word processors, word prediction software, spelling software
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The CLA specialists identified a list requirements for software systems to be
used by students with various categories of disabilities—those features and func-
tions should provide users with significant benefits; a list of CLA of most important
requirements is presented in Table 4.3.

Table 4.2 Software systems used by students with disabilities at Bradley University

# Software
system

Technical platform Cost Category of
students
served

1 Kurzweil
Reading Edge

Windows/Mac – 3, 5, 6, 7

2 CAR (Central
Access Reader)

Windows/Mac Free 3, 5, 6, 7

3 Inspiration Windows/Mac V9.2—$40; bundle pack
—$60; household—$95

3, 5, 7

4 Jaws Windows Pro—$1,100; home—
$900; 90-day trail—$180

7

5 Firefox Add on
“Text to voice”

Windows/Mac/Linux Free 3, 6

6 Dragon
Naturally
speaking

Windows/Mac $75 2, 3, 4, 7

7 Zoom text Windows $600 7

Table 4.3 CLA’s list of most important requirements to software systems for students with
disabilities

Requirement Details (software systems should be able to …)

Maximal number of
students to get benefits

Serve and be useful and beneficial for as many students with
various categories of disabilities as possible.

Graphic user interface and
pre-defined commands

Help users to navigate the system easily without any discomfort;
the system should have a list of pre-defined commands, for
example, to access folders and files, send email, etc.

Voice-to-text functionality Accurately convert user’s speech into text, structure text into
notes, create emails, support punctuation, support spell checking
using built-in vocabulary, word prediction functionality, optical
character recognition (OCR) functionality (ability to scan the
printed information or camera captured image’s text and convert it
into digital text which can be read by the software system),
multi-lingual user interface language packs (MUI) functionality
(ability to download and use different languages in graphic user
interface), provide quick and accurate voice training, provide
editing of built-in dictionary, support punctuation, email the
outcome text file, etc.

(continued)
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The outcomes of our research as well as CLA requirements clearly shows that
(1) text-to-voice (or, text recognition), (2) voice-to-text (or, speech recognition; also
including captioning of all lectures and video materials), and (3) gesture (and, face)
recognition systems are among most actively systems that may be used by students
with disabilities in SmU. This is the main reason that during initial part of our
project we focused research activities primarily on these types of software systems.

4.3 Project Goal and Objectives

The performed analysis of above-mentioned and multiple additional publications and
reports relevant to (1) SmU, (2) university-wide smart software and hardware systems
and technologies, (3) SmC, (4) smart learning environments, (5) smart educational
systems, and (6) students with disabilities undoubtedly shows that SmU-related topics
will be in the focus of multiple research, design and development projects in the
upcoming 5–10 years. It is expected that in the near future SmU concepts and
hardware/software/technological solutions will start to play a significant role and be
actively deployed and used by leading academic institutions in the world.

ProjectGoal. The overall goal of this ongoingmulti-aspect research project is a) to
research and analyze various open source and commercial software systems in the
areas of text-to-voice, voice-to-text, and gesture recognition, and b) identify top
systems that could be recommended for implementation and active use in SmU and/or
SmC to aid students with disabilities (and possibly students without disabilities).

The premise is that these software systems will make the curriculum more
accessible for students with and without disabilities and will help traditional uni-
versities to understand the impact this software could have on the learning of
students with disabilities and how this software could aid universities to a possible
transformation from a traditional university into a smart one.

Table 4.3 (continued)

Requirement Details (software systems should be able to …)

Text-to-voice
functionality

Accurately convert user’s text into voice (or, synthesize audio),
use various types of “voices” (kid’s, female, male voices, etc.),
read web-based data, math data, data in tables, etc.

Input/output formats Handle (i.e. work with) various types of input data, especially,
PDF, TXT, DOC, HTML, etc. and provide output data in various
formats such as DOC, TXT, MP3, MP4, etc.

Web-based content Read data from the Web such as the content of web pages, web
applications, web simulations, etc.

Titles and text on images Read the text present in an image.

Math data Recognize math notation (math equations), or, in other words,
have a special math reader.

Data in tabular form Read data presented in tabular form.
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Project Objectives. The objectives of this project are

(1) close collaboration with subject matter experts and identification of most
desired features and functions for software systems to be used by students with
disabilities in SmU and SmC;

(2) extensive research and identification of available software systems in
text-to-voice, voice-to-text, and gesture recognition areas;

(3) identification and thorough analysis of available software systems in each
designated area, including at least 10 commercial and 10 open-source systems,

(4) identification of a list of most important (i.e. most useful for students with dis-
abilities) features (functions) of existing software systems in each designated area;

(5) perform analysis of most powerful (in terms of functionality) existing software
systems in each area;

(6) ranking of analyzed systems, i.e. identification of top 3 commercial and top 3
open-source systems among analyzed systems in each area, and

(7) develop lists of open-source and commercial software systems in each des-
ignated area that are recommended for in-depth testing by actual students with
various categories of disabilities and subject matter experts in smart class-
rooms and smart universities (and, probably, traditional universities).

The obtained research and analysis outcomes are presented below.

4.4 Research Outcomes: Analysis of Text-to-Voice
Software Systems

There are many available text-to-voice software systems that could be implemented
in a smart classroom within a SmU. This software will allow the user to convert text
to voice so they can hear what information the text is trying to convey if they have
issues with reading and comprehending text. Instead of students focusing on
reading the text they can focus on comprehending it. For example, the act of
reading for some students is a cognitive process. These students see words and have
to figure out what letters are in the words, what the letters sound like, and what the
actual word is so all there energy is spent on the task of reading, not comprehending
the material. Using this software will make the material more accessible to the
student with these difficulties. For other students, the actual act of reading is
automatic and they can focus on comprehending what they are reading.

After investigating the desired features of text-to-voice software systems
(Table 4.4) that, in our mind, should be available for students with disabilities in
SmU, the next steps in our research and analysis project were:

(1) Identification and thorough analysis of about 10 commercial and 10
open-source text-to-voice available software systems,

(2) identification of a list of most important (i.e. most useful for students with
disabilities) features (functions) of existing text-to-voice software systems,
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(3) examples of obtained analysis outcomes of powerful (in terms of functionality)
text-to-voice existing software systems, and our ranking of those systems,

(4) our recommendations, i.e. top 3 commercial and top 3 open-source
text-to-voice software systems to be implemented and actively used in SmU.

The obtained research and analysis outcomes are summarized and presented in
Tables 4.5, 4.6, 4.7, 4.8, 4.9, 4.10, 4.11, 4.12 and 4.13.

4.5 Research Outcomes: Analysis of Voice-to-Text
Software Systems

There are many available voice-to-text software systems that could be implemented
in a smart classroom within a SmU. This software will allow the user to convert
their voice to text if they have issues with written expression. Instead of students
focusing on the actual writing process they can focus their attention on producing a
high quality product. For example, the act of writing for some students is a cog-
nitive process. These students think of a word, have to think of the letters that make
up this word, and then have to think of how the letter looks so they can retrieve it
from memory and write it down. This process is very time consuming and by the
time they have written a few words they have lost their thoughts on what they
initially had planned to write. Using voice-to-test software systems will allow the
student with a disability more access and the ability to produce higher quality
written products. For other students, the actual act of writing is automatic (i.e., letter

Table 4.4 A list of desired features of text-to-voice software systems for SmU

# Desired system
feature

Feature details

1 Quick response The system should convert text-to-voice instantly

2 Proof reading Student or faculty should be able to listen to their notes or
assignments, in order to improve the quality of information

3 Access on
mobile-devices

It should allow users to convert text-to-voice anywhere

4 Drag-and-drop This option should allow users to drag their external files to the
software, so that it reads aloud for them

5 Multi-linguistic The software should support several popular languages

6 Highlight word The word that is read aloud should be highlighted

7 Pronunciation
editor

Manually modify the pronunciation of a certain word

8 Batch convertor Convert multiple documents to MP3, WAV, WMA, etc. files

9 Type-and-talk A mute student should be able to communicate easily by simply
typing what he/she wants to say

10 High quality Speech should be of high quality with clear pronunciation and
minimal errors
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Table 4.5 Analyzed 10 commercial and 10 open source text-to-voice software systems

# Systems analyzed Company-developer Technical platform Ref.

Commercial systems

1 Natural Reader NaturalSoft Limited Windows/Mac [13]

2 Text Speech Pro NetHint Windows/Mac [14]

3 Read The Words True Logic Windows/Linux [15]

4 TextAloud3 Nextup Windows/Linux/Mac [16]

5 Verbose NCH Software Windows/Linux/Mac [17]

6 Voki Voki Windows/Mac [18]

7 Oddcast TTS Oddcast Windows/Linux/Mac/Android [19]

8 Ultra Hal Zabaware Windows/Linux [20]

9 Neo Speech NeoSpeech Windows/Mac [21]

10 Texthelp Read&Write Texthelp Ltd. Windows/Mac/IOS/Android with
add on to Google Chrome

[22]

Open source (free) systems

1 Balabolka Balabolka Windows/Mac [23]

2 Text-to-Speech Reader Speech Logger Windows/Linux/Mac [24]

3 Text-to-Speech (TTS) Poon Family Windows [25]

4 Microsoft Word TTS Microsoft Windows/Mac [26]

5 ClipSpeak Code Plex Windows/Mac [27]

6 WordTalk WordTalk Windows [28]

7 Imtranslator Smart Link Windows/Linux [29]

8 iSpeech Apple Mac [30]

9 Google Translate Google Windows/Linux/Mac [31]

10 Power Talk Atis4all Windows/Linux [32]

Table 4.6 A list of most important for SmC/SmU features in existing text-to-voice software
systems

# Existing important
features

Details of existing important features

1 High quality The high speech quality allows users to clearly and better
understand information that is produced

2 Pronunciation editor Allows to manually modify pronunciation of a certain word

3 Batch converter Allows to convert multiple documents to MP3 at same time

4 Reading speed Can change the reader and reading speed at any point of time

5 Read documents Students can listen to any kind of documents like electronic
textbooks, PDF files, Microsoft Word documents and web
pages

6 Highlight text Allow students with learning difficulties to hear the material
and simultaneously see the words highlighted on screen

7 Spell checking Can read text as typed, by word or by sentence, and delivers
critical real-time feedback to help students with dyslexia
improve coordination of sounds and letter combinations

(continued)
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Table 4.6 (continued)

# Existing important
features

Details of existing important features

8 Optical Character
Recognition (ORC)

Works with scanner to convert printed characters into digital
text

9 Natural voice Includes a great selection of natural-sounding voices

10 Floating bar Integrate add-in toolbars in MS Word, Outlook and
PowerPoint which offers a simple way of reading texts
directly on page

11 Multi-linguistic Supports several popular languages like English, French,
German, Spanish etc.

12 Saving formats Allows saving audio in a file of different formats like MP3,
WAV etc.

13 Response time Conversion to speech is done instantly without much waiting
time

14 Mobile-devices Allow students to listen even on mobile-devices from remote
locations

15 Read as typed Allows a student without speech to easily communicate with
faculty or in a group by just typing what he/she wishes to say

Table 4.7 Natural Reader [13] commercial text-to-voice system: the analysis outcomes

# System’s characteristics System’s details

1 Main most important
system’s features and
functions

∙ It can read to the user various types of textual information
such as Microsoft Word files, webpages, PDF files, and
e-mails

∙ It can be synchronized with iPhone, iPad and Android
apps

∙ Textual files can be converted into audio files
∙ Easy-to-use software system with natural-sounding
voices; a wide variety of speakers to choose from; it has a
selection of over 11 languages and over 50 voices,
including children’s voices

∙ Speech specs (speed, frequency, etc.) can be easily
adjusted

∙ It converts any text or document into natural-sounding
voices and even to MP3 or WAV files

∙ The floating bar is a handy tool where user can listen to
text in other applications

∙ It allows multi-tasking processing, for example, listening
of eBooks while walking, running etc.

∙ For users with low vision, it can display text in large fonts
and highlight text while reading aloud

∙ It has high contrast color interface
(continued)
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Table 4.7 (continued)

# System’s characteristics System’s details

2 Strengths and
opportunities

∙ It allows students to listen to textbooks, class notes,
assignments, emails, etc.

∙ It can convert multiple documents into MP3 files at same
time with Batch Converter tool

∙ It considerably assists students with dyslexia, reading
challenges or visual impairments

∙ It saves eye strain due to ergonomic GUI
∙ It makes proof reading effective
∙ It has very useful features—spell checking and word
predicting

3 Possible weaknesses and
threats

∙ It cannot handle some text features and symbols, for
example, bullets or dashes

4 Technical platform ∙ Windows, Mac OS

5 Prices ∙ $70 (personal)
∙ $130 (professional)
∙ $200 (ultimate)
∙ Various packages are available for schools—details are
available at http://www.naturalreaders.com/exploring.
html

6 Colleges/universities that
currently use this system

∙ Hamburg University of Technology
∙ University of Pennsylvania

7 System’s ranking Our ranking of this system: 1
Main reasons:
∙ It works in 11 different languages and has over 50 voices
available

∙ It has spell checking and word predicting features
∙ It works with e-books and/or e-textbooks from various
vendors

Table 4.8 Read the Words [15] commercial text-to-voice system: the analysis outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ It supports three different languages and 15 different
voices

∙ Virtual Reader avatar helps students to read along
and improve their reading skills

∙ It illustrates how words are spoken by native
speakers

∙ It can upload any Microsoft Office document,
Adobe PDF, TXT or HTML document

∙ It easily converts textual files into MP3 files
∙ It helps non-native speaker to speak English
correctly

2 Strengths and opportunities ∙ 2 levels of quality for audio—highest and high
∙ Relatively easy integration with most popular
applications

∙ Highly accurate text interpretation
∙ It is useful for students learning English, French and
Spanish

(continued)
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Table 4.9 TextHelp Read&Write [22] commercial text-to-voice system: the analysis outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ System reads texts from TXT and PDF files
∙ It supports typing echo feature
∙ It includes fact finder where the user can be able to
search information from the provided search
engines

∙ It contains a picture dictionary which provides the
relevant pictures for the words searched

∙ It contains a built-in dictionary
∙ It contains a translator for a selected text to be
translated into selected other language

∙ The scan feature is able to scan 5-8 image formats
such as the.JPG,.PNG,.GIF,.BMP to text.

∙ Daisy reader can be used to read any digital
e-books

∙ Uses PDF aloud feature to read PDF files
∙ Word prediction feature is available which will be
able to provide suggestions for the next required
word

∙ It also includes the speech to text software
(continued)

Table 4.8 (continued)

# System’s characteristics System’s details

3 Possible weaknesses and threats ∙ Recording speed cannot be adjusted

4 Technical platform ∙ Windows OS, 100 MB hard disk (at least), 256 MB
RAM (at least)

5 Prices ∙ $100 per year or $20 per month

6 Schools/universities that
currently use this system

∙ Hodges University
∙ Monroe Public School
∙ Springfield Elementary School
∙ St. Charles Parish Public Schools

7 System’s ranking Our ranking of this system: 2
Main reasons:
∙ Grammatical errors can be fixed by listening to the
typed notes

∙ Podcast feature enables students to broadcast their
paper to everyone instantly
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Table 4.9 (continued)

# System’s characteristics System’s details

2 Strengths and opportunities ∙ Based on the type of disability, the user can use
needed feature: Reading, Writing or Research

∙ Students can make use of typing echo where the
software reads the words as soon as the student
completes writing it

∙ Spell checking is available—it provides word
suggestions for the misspelled words

∙ Screenshot reader helps users to take screen shot of
any text which is then read out to them

∙ Verb Checker helps users to check for specific
verbs, later receive the examples about how the
verb is used

∙ Voice note helps students to record speech, replay
it, save the audio into a file, and, if needed, insert it
into a document

∙ Picture dictionary can help users who have
problem remembering the context; in this
dictionary every word is presented as a picture

3 Possible weaknesses and threats ∙ Cannot read data from the DOC file

4 Technical platform ∙ Supports Windows and Mac operating systems

5 Price (if any) ∙ $145/copy

6 Colleges/universities/companies
that currently use this system

∙ Colorado College
∙ Los Angeles City College

7 System’s ranking Our ranking of this system: 3
Main reasons:
∙ Can read the text from PDF files
∙ Helps students with reading and writing
disabilities

∙ Also includes speech to text software

Table 4.10 Balabolka [23] open-source text-to-voice system: the analysis outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ It allows to save the converted file in WAV, MP3,
MP4 or WMA

∙ Every line of text can be converted to an audio file if
necessary

∙ It has a timer and it can be controlled by hot keys
∙ It can read the clipboard context and view text from
documents saved as DOC, EPUB, HTML, PDF,
RTF, etc.

∙ It can extract text from PDF files directly
∙ It offers fine tuning of text-to-speech voices
∙ It can alter how fast the voice reads, what pitch it
reads in and can even use custom dictionaries to
improve pronunciation

(continued)
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Table 4.10 (continued)

# System’s characteristics System’s details

2 Strengths and opportunities ∙ It supports around 32 languages
∙ The HELP support files are available in 7 different
languages

∙ It allows to customize the window appearance with
downloadable skins

∙ It allows to use regular expressions like “Find” and
“Replace”

∙ It can run in full screen mode or in a window

3 Possible weaknesses and
threats

∙ Importing documents does not retain its format
∙ The quality of outcomes (deliverables) may vary

4 Technical platform ∙ Windows XP/Vista/7/8/10
∙ Mac OS

5 Price (if any) ∙ Open Source

6 Colleges/universities that
currently use this system

∙ University of Edinburgh, Scotland
∙ The Open University, UK

7 System’s ranking Our ranking of this system: 1
Main reasons:
∙ The audio is of high quality and users can alter
voices, pitch, cadence and speed

∙ It can use language modules from Microsoft Office
for spell checking

Table 4.11 Text-to-Speech Reader [24] open-source text-to-voice system: the analysis outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ It supports multiple languages
∙ This is ideal system to listen class notes, articles etc.
∙ It can adjust speed of speech
∙ It helps students with learning disabilities and visual
impairments to read text aloud in natural sounding
voices

∙ It highlights text that is read aloud
∙ It has a user-friendly interface
∙ It allows “copy and paste” procedure

2 Strengths and opportunities ∙ It reads text aloud with natural sounding voices
∙ It is very useful for mute users; they can simply type
in and click on play button

∙ The user interface is easy to understand
∙ It helps to avoid contact with computer screen for
reading long textual information

∙ It allows to listen to hours of textual podcasts with
close to zero data consumption

∙ It is a multi-linguistic system

3 Possible weaknesses and
threats

∙ It needs continuous internet connection
∙ It cannot drag and drop files

(continued)
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Table 4.11 (continued)

# System’s characteristics System’s details

4 Technical platform ∙ Windows, Mac OS
∙ Any standard Web browser like Chrome, Safari can
be used

∙ Decent Internet connection is required

5 Price (if any) ∙ Open Source

6 Colleges/universities that
currently use this system

∙ Kurzweil Educational Institutions
∙ Albany Hills State School, Australia
∙ Hamilton State School, Australia

7 System’s ranking Our ranking of this system: 2
Main reasons:
∙ Students with visual impairments can listen to very
long textual data files—this is a great benefit for those
students

∙ The system saves a lot of data from mobile traffic
∙ It has a very simple and intuitive GUI

Table 4.12 Text-to-Speech TTS [25] open-source text-to-voice system: the analysis outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ User can type, copy and paste, or open text files
∙ “Click to Speech” begins enunciating the contents of user’s
text, highlighting the current part as it is being read

∙ Operation in 32 different languages is available for users
∙ It allows to listen in the background while working on other
applications

∙ It allows speech speed control
∙ It can work with any webpage

2 Strengths and opportunities ∙ It makes communication easier for people with speech
disorders, vision impairments, and dyslexia
∙ It is multi lingual system
∙ It highlights text when reading
∙ It allows multi-tasking processes

3 Possible weaknesses and threats ∙ It cannot read PDF files
∙ It lacks speed-reading control feature
∙ It has no spell checker available

4 Technical platform ∙ Windows 8.1, 10, Windows 10 Mobile, Windows Phone 8.1
∙ Architecture � 86, � 64, ARM

5 Price (if any) ∙ Open Source

6 Colleges/universities that
currently use this system

∙ University of Kent, UK
∙ University of Michigan

7 System’s ranking Our ranking of this system: 3
Main reasons:
∙ Users can listen audio in the background while working on
other applications

∙ Highlighting the text when read aloud is an useful advantage
∙ Wide range of languages is available for users
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formation, word spellings, punctuation, etc.) and they can focus on the content of
the message or assignment they are involved in writing.

Based on our current and past research project and obtained research outcomes, a
generalized list of desired features of voice-to-text software systems for SmU is
presented in Table 4.14.

After investigating the desired features of voice-to-text software systems
(Table 4.14) that, in our mind, should be available for students with disabilities in
SmU, the next steps in our research and analysis project were:

Table 4.13 Our recommendations: existing top 3 commercial and top 3 open-source text-to-voice
software systems to be implemented and actively used in SmC/SmU

# System Company-developer Details Ref.

Commercial systems

1 Natural Reader NaturalSoft Limited $70/copy (personal), $130
(professional), $200 (ultimate)

[13]

2 Read The
Words

True Logic $100 per year or $20 per month [15]

3 Texthelp
Read&Write

Texthelp Ltd. $145/copy [22]

Open source (free) systems

1 Balabolka Balabolka Windows/Mac [23]

2 Text-to-Speech
Reader

Speech Logger Windows/Linux/Mac [24]

3 Text-to-Speech
(TTS)

Poon Family Windows [25]

Table 4.14 A list of desired features of voice-to-text software systems for SmU

# Desired system
feature

Feature details

1 Dictate
continuously

It should help faculty to dictate notes continuously in a normal,
conversational pace without slowing down pace or over-enunciating words

2 Robust
documentation

It should allow users to create documents with punctuation marks

3 Accent support It should allow faculty from different locations to communicate easily

4 Hands-free It should help students with disabilities such as repetitive strain injury (RSI),
dyslexia, vision impairment, etc.

5 Recognition
speed

The text should appear on screen as it is dictated, without any delay

6 Accuracy The text should be accurate without any major errors

7 Mobility Documents should be easily integrated with cloud technology

8 Web search Students should be able to search the Web by just dictating

9 Multi-lingual
support

System should be able to listen to text in native language voices and
recognize voices with quality

10 Easy-to-use It should help users to dictate, and, when finished, simply copy-paste dictated
text where needed
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(1) identification and thorough analysis of about 10 commercial and 10
open-source voice-to-text available software systems,

(2) identification of a list of most important (i.e. most useful for students with
disabilities) features (functions) of existing voice-to-text software systems,

(3) examples of obtained analysis outcomes of powerful (in terms of functionality)
voice-to-text existing software systems, and our ranking of those systems,

(4) our recommendations, i.e. top 3 commercial and top 3 open-source
voice-to-text software systems to be implemented and actively used in SmU.

The obtained research and analysis outcomes are summarized and presented in
Tables 4.15, 4.16, 4.17, 4.18, 4.19,4.20, 4.21,4.22 and 4.23.

Table 4.15 Analyzed 10 commercial and 10 open source voice-to-text software systems

# Systems analyzed Company-developer Technical platform Ref.

Commercial systems

1 Dragon Naturally Speaking
Premium (Home Edition)

Nuance Windows/Mac/Android/iOS [33]

2 Dragon Professional
Individual

Nuance Windows/Mac/Android/iOS [34]

3 Braina Pro Brainasoft Windows/Android [35]

4 Tazti Speech Recognition
Software

Voice Tech Group
Inc.

Windows [36]

5 SpeechGear Compadre
Interact

SpeechGear Windows/Mac [37]

6 Dictation Pro Desk Share Windows/Mac/Linux [38]

7 e-Speaking e-speaking Windows [39]

8 Voice Finger 2.6.2 Robson Cozendey Windows [40]

9 Text Shark textshark Windows [41]

10 Speechmatics Speechmatics Windows [42]

Open source (free) systems

1 Windows Speech
Recognition

Microsoft Windows [43]

2 Apple Dictation Apple Mac [44]

3 TalkTyper TalkTyper Windows/Mac [45]

4 Jasper Jasper Project Windows/Mac/Linux [46]

5 Dictation 2.0 Digital Inspiration Windows/Mac [47]

6 Speechnotes SpeechNotes Windows/Mac/Linux [48]

7 Digital Syphon Sonic
Extractor

Digital Syphom Windows/Mac [49]

8 Balabolka Ilya Morozov Windows [50]

9 Speech Logger Speehclogger Windows/Mac [51]

10 Google Docs—Speech
Recognition

Google Any platform that supports
Google Chrome browser

[52]
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Table 4.16 A list of most important for SmC/SmU features in existing voice-to-text software
systems

# Existing important
features

Details of existing important features

1 Dictate
continuously

It helps faculty to dictate notes continuously in a normal pace, without
slowing down pace

2 Collaboration Students can collaborate on group projects by sending e-mails or instant
messages entirely by voice

3 Enhanced diction It can save information like name, relationships and send e-mails to friends
and professors easily

4 Accent support It allows users from different locations to document reports

5 Flawless report It generates reports and documents with almost zero errors

6 Edit and format Users can edit and format documents and reports all by voice

7 Web search Students who cannot type can easily search the Web for any information
and save the required data

8 Instant translator Faculty can communicate with deaf students easily

9 Compatibility The system is compatible with device’s screen of the user using even
outside the smart classroom

10 Voice control Users can control their computers by performing various functions such as
(a) launching application, (b) selecting menu items, (c) switch between
windows, and other functions using voice commands

11 Mobility Users can easily use cloud technology and access documents from
anywhere

12 Robust
documentation

It allows the user to write documents with punctuation marks like “period”
for “.”, “question mark” for “?”, etc.

13 Multi-lingual
support

It supports multiple language inputs

14 Word suggestions It provides suggestions for words pronounced similarly

15 Import audio Students can import different audio lecture files and convert them into a
textual file

Table 4.17 Braina Pro [35] commercial voice-to-text system: the analysis outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ It uses natural language interface and speech
recognition to interact with its users and allows them to
use English language sentences to perform various
tasks on their computer

∙ It can find information on the Internet, take dictation,
find and open files, set alarms and reminders, perform
math calculations, etc.

∙ It adapts to the user’s behavior over time to better
anticipate needs

∙ It is a multi-functional software that provides a single
window environment to control user computer and
perform wide range of tasks using voice commands

∙ It can remember notes, automate various computer
tasks, read e-books, etc.

(continued)
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Table 4.17 (continued)

# System’s characteristics System’s details

2 Strengths and opportunities ∙ “Easy to learn and easy to use” graphic user interface
∙ Easy to set up; no need of voice training
∙ User can ask system to learn information from file using
“Learn from File” feature

3 Possible weaknesses and
threats

∙ Currently it can only understand simple English
language at present

∙ It gets confused if complex sentences are used

4 Technical platform ∙ Operating system: Window 10/8.1/8/7/Vista/XP
∙ Dependencies: msvcr100.dll
∙ Internet connection required to use some features

5 Price (if any) ∙ $40 per year

6 Companies that currently use
this system

∙ TechRadar
∙ Wikipedia
∙ Brainasoft, the Intel Software Partner

7 System’s ranking Our ranking of this system: 1
Main reasons:
∙ It allows user to customize voice commands and replies
∙ Users can schedule events like class times and when
homework is due just by giving commands

Table 4.18 Dragon Naturally Speaking Premium (Home Edition) [33] commercial voice-to-text
system: the analysis outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ It allows users to dictate words three times faster than
typing with up to 99% accuracy of word recognition

∙ It allows user to speak, and up to 160 words per
minute are transcribed and appear on computer
screen; it can read back transcribed text to ensure that
the material is truly what the user intended to say

∙ It allows users with blindness/low vision, dyslexia,
dyspraxia, mobility or dexterity impediments are able
to show proof of what they know because they can
speak out their ideas to compose an essay or writing
an answer

∙ It allows students who have dyslexia to complete
assignments orally and still produce written output
for grading purposes

∙ It allows users to send email and instant messages to
collaborate on group or classroom projects to
students, faculty, parents, administrators—entirely by
voice

∙ It provides users with an easier way to control a
computer that is less physically and cognitively
taxing

(continued)
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Table 4.18 (continued)

# System’s characteristics System’s details

2 Strengths and opportunities ∙ Users who would normally write incomplete or
simple sentences have the ability to use more
complex sentence structures to appropriately describe
their ideas

∙ Teachers can dictate feedback more quickly because
students work is completed electronically

∙ It has 99% accuracy of word recognition; the outcome
text will be spell-checked

∙ It has an integrated dictionary that takes care of all
spell checking; as a result users can focus on their
thoughts and do not worry a lot about the process of
typing and spell checking

∙ It allows user to speak, and up to 160 words per
minute are transcribed and appear on computer
screen; it can read back transcribed text to ensure that
the material is truly what the user intended to say

3 Possible weaknesses and
threats

∙ Outdated computers may not be able to cope with this
system

∙ The initial task to set up the program for a new user is
quite complex—users need to read a lengthy passage

∙ It takes time to “teach” the system to recognize/learn
user’s voice style and to help it recognize how certain
words are pronounced by that particular user; in some
cases, it may be a frustrating experience for some
users

4 Technical platform ∙ Operating systems—Windows 7, 8, 8.1 (32bit and
64bit), Windows Server 2008 64bit, 2012 64bit

∙ RAM—2 GB for 32-bit Windows 7, 8 and 8.1, 4 GB
for 64-bit Windows 7, 8 and 8.1 and Windows Server
2008 R2, Windows Server 2012

∙ CPU—min 2.2 GHz Intel dual core or equivalent
AMD processor

∙ Free hard disk space—4 GB
∙ A sound card supporting 16-bit recording
∙ A Nuance-approved microphone
∙ An Internet connection for automatic product
activation

5 Price (if any) ∙ About $100 per copy
∙ About $130—Dragon for Mac Student/Teacher
Bundle

6 Colleges/universities that
currently use this system

∙ Yale Center for Dyslexia and Creativity (YCDC)
∙ Arizona State University

7 System’s ranking Our ranking of this system: 2
Main reasons:
∙ It is exclusively developed for educational purposes
and is widely used by educational institutions
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Table 4.19 Dragon Professional Individual [34] commercial voice-to-text system: the analysis
outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ It adapts to user’s unique voice, environment and
becomes more accurate as user dictates his/her
information

∙ It is designed with next generation speech engine
leveraging Deep Leaning Technology

∙ User can tailor the vocabulary with the terms used every
day

∙ It allows users to add formatting rules by voice, such as
bold or underline

∙ It is available in English, French, Dutch, Japanese,
Spanish, Italian and German languages

2 Strengths and opportunities ∙ It “learns” the words and phrases that users use the most
to minimize corrections

∙ It optimizes accuracy for speakers with accents or in
slightly noisy environment such as a classroom

∙ Smart Format Rules automatically adapt to how
student/lecturer want abbreviations, dates, phone
numbers, etc. to appear

∙ It allows faculty to speak as long as possible without
pausing to wait for the software to transcribe the already
pronounced information

∙ It allows to import and export to/from popular
cloud-based document-sharing tools like Dropbox and
note-taking apps like Evernote

3 Possible weaknesses and
threats

∙ It works with most common Web browsers but not
Edge

∙ If there is a considerable noise in the environment, it is
likely to get far more errors

∙ There should be minimum background noise
∙ It is relatively expensive software

4 Technical platform ∙ RAM: Minimum 4 GB
∙ CPU: Intel dual core or equivalent AMD processor
∙ Free hard disk space: 8 GB
∙ Operating systems: Windows 7, 8.1, 10(32-bit and
64-bit); Windows Server 2008 R2 and 2012 R2

∙ Built-in microphone or a Nuance-approved microphone
∙ An Internet connection for product download and
automatic product activation

5 Price (if any) ∙ Starts at $300 per copy

6 Colleges/universities that
currently use this system

∙ Lamas College, Iowa
∙ Youth Villages (Health and Human Services)

7 System’s ranking Our ranking of this system: 3
Main reasons:
∙ It can transcribe from .MP3, .AIF, .WAV, .MP4 audio
files to text easily

∙ It significantly saves time and eliminates reliance on
costly transcription services; for example, out of 250
words dictated only one was incorrectly transcribed
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Table 4.20 Google Doc–Speech Recognition [52] open-source voice-to-text system: the analysis
outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ Voice typing of the document with the help of
microphone

∙ The Google documents are saved to user’s Google drive
thereby making it easier to view documents later

∙ Corrections can be made while voice typing process
takes place

∙ It supports many languages alongside different dialects
of the same language
∙ Punctuation can be added to the text by using special
pre-defined phrases such as the period (‘.’), comma,
question mark, exclamation point…etc.

∙ Commands can be used to edit, select or format the text
∙ The users can stop or resume voice typing by using
special pre-defined commands

∙ It can create tables
∙ User can dictate continuously without the use of the
Internet connection, but need a proper connection for
saving of files

∙ Accuracy is pretty favorable without many mistakes

2 Strengths and opportunities ∙ It is a very helpful system for users to prepare
documentation anywhere and anytime

∙ It can be installed by anyone as long as they have
Google Chrome browser

∙ No tension of losing the information in document due to
any technical errors; this is because the system
automatically regularly saves document

∙ It does not require lengthy voice training from the user
∙ Spelling mistake can be corrected
∙ Speaking can be stopped or resumed whenever needed
∙ It is a free add-on for any operating system that supports
Google Chrome browser

3 Possible weaknesses and
threats

∙ If there is no proper Internet connection, saving of a
document automatically is impossible

∙ If there is loud background voice or noise, then there
might be high chance of errors

∙ If the microphone is far from the user, then accuracy
(or, quality) of outcome text may decrease

4 Technical platform ∙ Any operating system that supports Google Chrome
browser

5 Price (if any) ∙ Free

6 Colleges/universities that
currently use this system

∙ Google
∙ Many local schools in the United States use this system

7 System’s ranking Our ranking of this system: 1
Main reasons:
∙ It supports many languages and dialects
∙ Commands can be given for punctuation signs
∙ Editing and formatting the document can also be done
∙ It proved to be a very feasible system
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Table 4.21 Windows Speech Recognition [43] open-source voice-to-text system: the analysis
outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ Users can type and use simple commands with their
voices

∙ The system can be trained to better understand your
language

∙ It uses speech profile to store information about user’s
voice

∙ It can navigate your computer through commands
∙ It has about 97.8% accuracy
∙ Users can dictate text within documents
∙ Opening, closing, switching and scrolling programs’
functions are very easy

∙ Users can dictate their e-mails and the system will type
them

∙ Filling forms can also be done using voice commands
∙ The accuracy of speech recognition increases through
active use

∙ Individual speech profiles can be created on a per-user
basis

∙ Users can say “How do I … (specify a task)”, and the
system will act accordingly

2 Strengths and opportunities ∙ Permanent on-going adaptation to both your speaking
style and accent continually improves speech/voice
recognition accuracy

∙ The new interface provides a simple and efficient
experience for dictating and editing text, correcting
mistakes and controlling user’s computer by voice

∙ It has support for multiple languages—English (United
States), English(United Kingdom), German(Germany),
French(France), Spanish(Spain), Japanese, Traditional
Chinese and Simplified Chinese

∙ It can help people who has trouble using their fingers
and/or hands

∙ It can help users who have cognitive disabilities
∙ No extensive training is required for users
∙ It increases productivity; for example, faculty can dictate
their feedback/evaluation more quickly because
student/learner work is completed electronically

∙ It is free and in-built for Windows operating system
∙ It has long term benefits for students/learners

3 Possible weaknesses and threats ∙ If there is a background noise or some other sound in the
room, the number is errors will increase

∙ More distant (at a distance) microphones from users will
tend to increase the number of errors

∙ It has an initial period of adjusting to each user’s voice
∙ It may not work properly in a cubicle environment

4 Technical platform ∙ Windows 7 or 8 or 10 OS

5 Price (if any) ∙ Free (since it is in-built Windows OS)

6 Colleges/universities/companies
that currently use this system

∙ Many leading companies like Microsoft, IBM, Symantec,
Oracle, SAP

(continued)
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Table 4.21 (continued)

# System’s characteristics System’s details

∙ Many sister companies of Microsoft such as NextBase,
Fox Aoftware, Netwise, PlaceWare, Groove Networks,
Metanautix

7 System’s ranking Our ranking of this system: 2
Main reasons:
∙ It allows users to dictate emails and documents easily
∙ It increases an independence for students with physical
disabilities and possibly other disabilities

Table 4.22 TalkTyper [45] open-source voice-to-text system: the analysis outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ It is a free software in Web browser
∙ It can get started right away after user gives
microphone permission to talk to the application

∙ Allows to translate all the text into another language
∙ Various options are available to correct the outcome
text

∙ It can copy to clipboard, add punctuation, print, and
clear all texts

∙ It can send an e-mail, and tweet your text
∙ English Language students/learners can speak
English, play it back, and correct it until it “sounds
right” and expresses their ideas correctly

2 Strengths and opportunities ∙ Users can bypass poor typing skills, dysgraphia,
dyslexia and physical disabilities

∙ It doesn’t require any additional downloads onto user
computer

∙ Writing an e-mail to classmates or lecturer is easier as
student needs to just click the e-mail button after
dictating the text

3 Possible weaknesses and
threats

∙ It is not completely hands-free system; some editing
must be done with mouse and keyboard

∙ It needs a constant connectivity to the Internet
∙ If paused for a short time (even a fraction of second),
the system may cut user off)

4 Technical platform ∙ Internet

5 Price (if any) ∙ Free

6 Colleges/universities that
currently use this system

∙ Clinton County Regional Educational Service
Agency (www.ccresa.org)

∙ The Australian Disability Clearing House on
education (www.adcet.edu.au)
∙ TeachersFirst (http://www.teachersfirst.com)

7 System’s ranking Our ranking of this system: 3
Main reasons:
∙ Users with physical disabilities, dyslexia, dysgraphia
and poor typing skills may get a great advantage to
improve content and overcome problems related to
writing and/or typing
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4.6 Research Outcomes: Analysis of Gesture Recognition
Systems

Gesture recognition software systems, in general, will allow the user to commu-
nicate with the machine naturally, using human-machine interface (HMI) and
without any mechanical devices. For example, using the gesture recognition tech-
nology, it is possible to point a finger at the computer screen so that the computer
cursor on a screen will move accordingly. Potentially, this technology could make
conventional input devices such as mouse, keyboards and even touch-screens
redundant. For the individual with any type of motor difficulties this could make a
huge contribution to them having access to content in the Smart Classroom.

Currently, there are several gesture recognition software systems available that
potentially in the future could be implemented in a smart classroom within a SmU.
Unfortunately, most of them are not mature enough to be recommended at this
moment for an implementation and active use in SmU.

Based on the outcomes of extensive literature review and creative analysis of
existing gesture recognition systems, we arrived with a generalized list of desired
features of gesture recognition systems suitable for SmU; those features are pre-
sented in Table 4.25.

After investigating the desired features of gesture recognition software systems
(Table 4.24) that, in our mind, should be available for students with disabilities in
SmU, the next steps in our research and analysis project were:

(1) identification and thorough analysis of about 10 commercial and 10
open-source available gesture recognition software systems,

Table 4.23 Our recommendations: existing top 3 commercial and top 3 open-source voice-to-text
software systems to be implemented and actively used in SmC/SmU

# System Company-developer Details Ref.

Commercial systems

1 Braina Pro Windows/Android $40 per
year

[35]

2 Dragon Naturally Speaking
Premium (Home Edition)

Windows/Mac/Android $100
per
copy

[33]

3 Dragon Professional Individual Windows/Mac/Android $300 [34]

Open source (free) systems

1 Google Docs—Speech
Recognition

Any platform that supports
Google Chrome browser

Open
Source

[52]

2 Windows Speech Recognition Windows Open
Source

[43]

3 TalkTyper Windows/Mac/Linux Open
Source

[45]
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(2) identification of a list of most important (i.e. most useful for students with
disabilities) features (functions) of existing gesture recognition software
systems,

(3) examples of obtained analysis outcomes of powerful (in terms of functionality)
gesture recognition existing software systems, and our ranking of those
systems,

(4) our recommendations, i.e. top 3 commercial and top 3 open-source gesture
recognition software systems to be implemented and actively used in SmU.

The obtained research and analysis outcomes are summarized and presented in
Tables 4.25, 4.26, 4.27, 4.28, 4.29, 4.30, 4.31, 4.32, 4.33.

Table 4.24 A list of desired features of gesture recognition software systems for SmU

# Desired system feature Feature details

1 Provide alternatives Alternatives to mouse and keyboard input should be provided
for users with hearing or visual impairments or physical
disabilities

2 High-speed recognition The system should have no difficulty to recognize high speed
hand movements/signals and input from multiple users at the
same time

3 User-friendly system The system should be easy to learn, easy to use and easy to
understand by students with disabilities

4 Transcribe to text It should be able to understand quickly and with a good
quality the sign language’s elements/components and
transcribe them into a text

5 Interact with digital
content

Tracking cameras should be able to detect hand movement to
allow user or multiple users to interact with digital content on
a screen

6 Engage every user It should allow multiple users to participate at once, making
sure that nobody is left behind

7 Multimodality It should be adaptable to users with wide range of
communication (gesture) styles

8 Immediate feedback It should be able to provide immediate feedback (reaction of
the system)

9 Portability of a system It should be easy to move a system to different locations and
assemble it

10 Technical platform
independent system

The system should be work on multiple operating systems
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Table 4.25 Analyzed 10 commercial and 10 open source gesture recognition software systems

# Systems analyzed Company-developer Technical platform Ref.

Commercial systems

1 Kinect Microsoft Windows/Mac [53]

2 Intel RealSense Intel Windows/Linux/Mac [54]

3 IISU SoftKinetic Windows/Linux/Android [55]

4 G-Speak Oblong Windows/Linux/Mac [56]

5 Kinems Kinems Windows/Mac/Linux [57]

6 Elliptic Labs Software Elliptic Labs Windows [58]

7 Leap Motion Leap Motion Windows/Mac [59]

8 UbiHand Petr Musilek Windows [60]

9 Kinect Education KinectEDucation Windows [61]

10 ArcSoft 3D hand gesture recognition ArcSoft Windows/Linux/Mac [62]

Open source (free) systems

1 HandVu Moves Institute Windows/Linux/Mac [63]

2 FUBI (Full Body Interaction Fr.) Augsburg Windows/Linux [64]

3 Wiigee Ninttendo Windows/Linux [65]

4 ControlAir Apple Mac [66]

5 GestTrack3D GestureTek Windows [67]

6 iGesture Globis Windows/Linux/Mac [68]

7 OpenCV IntoRobotics Windows [69]

8 KinectCAD Catia Windows [70]

9 Accelerometer Gesture Recognizer David Uberti Windows [71]

10 Gesture Clustering toolkit (GECKo) Jacob O. Wobbrock Windows [72]

Table 4.26 A list of most important for SmC/SmU features in existing gesture recognition
systems

# Existing important features Details of existing important features

1 High-speed recognition The system is able to recognize high-speed hand signals

2 Multiple-users The system is able to handle multiple users at the same time

3 Transcribe to text The system is able to take sign language and transcribe it into text

4 Engage every student The system is able to handle multiple participating students at
once

5 Friendly GUI Dome systems have friendly GUI

6 Camera tracking Tracking cameras are able to detect user hand movement and
allow the user to interact with digital content

7 Sign language recognition The system is able to detect/recognize elements/components of
sign language; it helps mute students to communicate with a
system and digital content

8 Multimodality System supports user’s different communication styles

9 Interactivity Students with disabilities are immersed in a variety of interactives
with a physical (in-classroom) and online (remote) students

10 Platform independent Some systems work on different operating systems
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Table 4.27 Microsoft Kinect [53] commercial gesture recognition system: the analysis outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ Faculty can enhance traditional lesson plans, special
education, physical education, school communication
and collaboration and after-school programs with
immersive full-body experiences that help students
get engaged in learning, stay on task and inspire
creativity and camaraderie with peers

∙ It tracks as many as six complete skeletons and 25
joints per person

∙ It allows the sensor to see in the dark; the IR
capabilities produce a lighting-independent view

∙ It has four microphones to capture sound, record
audio, as well as find the location of the sound source
and the direction of the audio wave

2 Strengths and opportunities ∙ It will track every user and so is very adaptable for
wheelchair users

3 Possible weaknesses and
threats

∙ For students with Specific Learning Disability (SLD),
the program is quite visually messy

∙ Although it can track wheelchair users it is not 100%
ready for this

∙ It requires skilled faculty to use; faculty development
is required

∙ Visually impaired students cannot use the system

4 Technical platform ∙ Xbox Kinect Sensor
∙ Kinect SDK
∙ 64-bit (� 64) processor
∙ 4 GB Memory (or more)
∙ Dual-core 3.1 GHz or faster processor
∙ USB 3.0 controller dedicated to the Kinect for
Windows v2 sensor

∙ Microsoft Kinect v2 sensor, which includes a power
hub and USB cabling

∙ Projector, Smart Board, or large screen or a big TV
screen

5 Price (if any) ∙ The Kinect SDK is free to download; however, the
Kinect Sensor Bar will cost around $60–$100

6 Colleges/universities that
currently use this system

∙ Los Angeles Unified School District (California)
∙ Chicago Public Schools (Illinois)
∙ Houston Independent School District (Texas)
∙ Scottsdale Unified School District (Arizona)
∙ Flagstaff Unified School District (Arizona)
∙ Fairfax County Public Schools (Virginia)
∙ Loudoun County Public Schools (Virginia)
∙ University of Washington

7 System’s ranking Our ranking of this system: 1
Main reasons:
∙ Schools which used this system reported that it
showed a trend of improved executive function,
which is the portion of the brain responsible for
planning, problem-solving and working memory
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Table 4.28 Intel Real Sense [54] commercial gesture recognition system: the analysis outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ It provides facial recognition, hand gestures,
background removal, depth enabled photo, scene
perception, 3D scanning and other functions

∙ It supports Augmented Reality
∙ The camera is advanced—it measures depth and
enable the computer to read facial expressions and
gestures and swap out backgrounds

2 Strengths and opportunities ∙ Device can be accessed by logging in with student’s
or faculty’s face and it has a good security

∙ It enables person detection and tracking, skeleton
tracking, gestures, object recognition etc.

3 Possible weaknesses and
threats

∙ The camera to be used is intended solely for use with
Intel RealSense SDK for Windows

∙ The camera drivers need to be downloaded separately

4 Technical platform ∙ Microsoft Windows 8.1 or 10 OS 64-bit
∙ 4th generation (or later) Intel Core processor
∙ 8 GB free hard disk space
∙ An Intel RealSense camera SR300 (Front-Facing) or
R200 (Rear-Facing)

∙ The RealSense Camera F200 has three cameras in one
—a 1080p HD camera, an infrared camera and
infrared laser projectorC# (Microsoft.NET 4.0
Framework is required)

∙ Java (JDK 1.7.0_11 or later)
∙ Microsoft Visual Studio 2010-2015 or newer

5 Price (if any) ∙ Intel RealSense SDK is free to download
∙ Intel RealSense Developer Kit R200 will cost $99
∙ Intel RealSense Developer Kit SR300, which is the
next version, will cost $149

6 Companies that currently use
this system

∙ Acer
∙ Dell
∙ Lenovo
∙ HP
∙ Fujitsu

7 System’s ranking Our ranking of this system: 2
Main reasons:
∙ Intel RealSense SDK can create the next generation of
natural, immersive and intuitive software applications

∙ It has many capabilities like facial recognition, hand
gestures, background removal, depth enables photo,
scene perception, 3D scanning, etc.

∙ The key features involve depth video recording and
replay with frame by frame navigation
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Table 4.29 IISU [55] commercial gesture recognition system: the analysis outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ It offers full-body skeleton tracking as well as precise
hand and finger tracking

∙ IISU’s toolbox provides access to live data and
performance analytics during development

2 Strengths and opportunities ∙ It offers a robust solution from individual finger
tracking up to full-body skeleton tracking

∙ The middleware enables developers to easily and
rapidly produce gesture based applications for both
Close Interaction (3 feet) and Far Interaction (10 feet)
experiences

∙ Setup time will be reduced to zero and will not
require the multiple calibration steps necessary with
other gesture recognition systems

3 Possible weaknesses and
threats

∙ The different plug-ins permits the faculty and students
to control the monitors using hand gestures only
while sitting comfortably

∙ The free version can only actively track one person
∙ The updates have been discontinued since the release
of specialized DepthSense Libraries

4 Technical platform ∙ Windows 7, Windows 8, Linux and Android 4.1.
∙ Plugins are available for (a) Adobe Flash—access all
IISU SDK functions in Action Script 3, (b) Unity3D
(V3.0 +)—retrieve and send data in real time using
mono-native support of the Unity platform

∙ It supports powerful legacy camera such as the
original Kinect, the Asus Xtion, the Panasonic
D-Imager and the SoftKinetic DepthSense 331 and
325

5 Price (if any) ∙ It is free for non-commercial use for three months
∙ Commercial license for IISU can be bought for a
one-time fee of $1,500

6 Colleges/universities that
currently use this system

∙ Seneca School, Canada
∙ GURU training Systems
∙ Disney’s “The Sorcerer’s Apprentice”

7 System’s ranking Our ranking of this system: 3
Main reasons:
∙ IISU’s features are turned to use minimal CPU and
memory resources with rapid refresh rates at
25/30/50/60 fps

∙ It is optimized for higher performance
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Table 4.30 Hand Vu [63] open-source gesture recognition system: the analysis outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ It is intended to track and record hand gestures
∙ It discovers and reports three key pieces of
information about the tracked hand, including the x
and y coordinates and its “posture”. The system has
26 hand postures recognitions

∙ The software collection implements a vision-based
hand gesture interface. It detects the hand in a
standard posture, then tracks it and recognizes key
postures—all in real-time

∙ The output is accessible through library calls

2 Strengths and opportunities ∙ The system can work under various degrees of
background lightening conditions

∙ It has 26 hand standard postures recognitions
∙ It has about 90% average recognition rate
∙ It is available free of charge
∙ It is well documented with full reference manual
∙ It has user friendly graphic interface

3 Possible weaknesses and
threats

∙ Tracking is not very effective with fast hand motion
∙ The tracking will get off more frequently and
recognition rates might suffer if there is a very hard
contrast in the background

∙ It requires sensor cameras that usually very
expensive; it does not work with miniature cameras

4 Technical platform ∙ Windows, Mac OS

5 Price (if any) ∙ Free download

6 Colleges/universities that
currently use this system

∙ Pennsylvania State University
∙ University of Electronic Science and Technology,
China

∙ Montana State University

7 System’s ranking Our ranking of this system: 1
Main reasons:
∙ It has about 90% average recognition rate (this is a
very good technical outcome)

∙ It can be integrated into more complex software
systems that can add significant benefits to users with
disabilities
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Table 4.31 FUBI (Full Body Interaction Framework) [64] open-source gesture recognition
system: the analysis outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ It recognizes full body gestures and postures in real
time from the data of a depth sensor

∙ It records gesture performances and can generate
valid XML file

∙ It supports gestural interaction by using gesture
symbols

∙ It provides buttons and swiping menu to implement
freehand GUI interaction

∙ The download comes with Visual Studio 2010 and
2013 solutions

∙ It is written in C ++ and additionally includes a C# -
wrapper

2 Strengths and opportunities ∙ It distinguishes between four gesture categories:
(a) static postures (configuration of several joints, no
movement); (b) gestures with linear movement (linear
movement of several joints with specific direction
and speed); (c) combination of postures and linear
movement (combination of above two with specific
time constraints); (d) complex gestures (detailed
observation of one or more joints over a certain
amount of time)

∙ It supports gestural interaction by using gesture
symbols

3 Possible weaknesses and
threats

∙ It requires the installation of additional files and a
compliant middleware to support full body tracking

∙ Testing and fine tuning of gestures could be an issue;
it is a time consuming process

4 Technical platform ∙ Modern Windows operating systems
∙ It requires the installation of OpenNI (OpenNI
binaries) and a complaint middleware supporting full
body tracking

5 Price (if any) ∙ Freely available under the terms of the Eclipse Public
License—v 1.0

6 Colleges/universities that
currently use this system

∙ Augsburg University
∙ Ontario College of Art & Design
∙ MukiBaum Treatment Centers

7 System’s ranking Our ranking of this system: 2
Main reasons:
∙ High percent (90% +) were recognized in third-party
research of this product

∙ It has a freehand GUI interaction component
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Table 4.32 Wiigee [65] open-source gesture recognition system: the analysis outcomes

# System’s characteristics System’s details

1 Main most important system’s
features and functions

∙ It’s main goal is to allow the training and recognition
of arbitrary gestures using the Nintendo remote
controller by utilizing state of the art probability
theory methods

∙ It delivers reliable results in a fast and efficient way
∙ It is able to handle multiple wiimotes

2 Strengths and opportunities ∙ User can connect to Wii Remote controller like any
other Bluetooth device

∙ Wii Remote controller does not need special handling
anymore

3 Possible weaknesses and
threats

∙ It requires to purchase additional hardware—
wiimote’s hardware; it includes infrared camera, LED
lights, vibration motor, etc.

∙ It runs only on one technical platform—Linux

4 Technical platform ∙ Linux OS
∙ Wiimotes

5 Price (if any) ∙ Free; http://wiigee.org/download/download.htm

6 Colleges/universities that
currently use this system

∙ University of Oldenburg

7 System’s ranking Our ranking of this system: 3
Main reasons:
∙ Utilizes state of the art probability theory that delivers
reliable results quickly in an efficient way

Table 4.33 Existing top 3 commercial and top 3 open-source gesture recognition software
systems among analyzed systems

# System Company-developer Details Ref.

Commercial systems

1 Kinect Microsoft $60–100 [53]

2 Intel RealSense Intel $99 or $149 [54]

3 IISU SoftKinetic $1500 one-time fee [55]

Open source (free) systems

1 HandVu Moves Institute Open Source (free) [63]

2 FUBI Augsburg Open Source (free) [64]

3 Wiigee Ninttendo Open Source (free) [65]
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4.7 Research Outcomes: Strengths and Weaknesses
of Tested Text-to-Voice and Voice-to-Text Systems

The next step of research and analysis was to

(1) download the actual trial or demo versions of selected ranked software systems,
(2) test and evaluate those systems against CLA requirements (Table 4.3), and
(3) summarize lists of strengths and weaknesses of analyzed systems.

The outcomes of systems’ testing and lists of identified strengths and weak-
nesses of each system (using evaluation criteria from Table 4.3) are presented in
Tables 4.34, 4.35, 4.36, 4.37.

Based on outcomes of the performed SWOT (Strengths-Weaknesses-
Opportunities-Threats) analysis and obtained testing outcomes of designated

Table 4.34 Strengths and weaknesses of ranked commercial text-to-voice software systems

Rank System
ref

Strengths Weaknesses

1 Natural
Reader
[13]

∙ Accepts files in DOC, DOCX, TXT
and HTML formats

∙ Reads text in an image
∙ Reads text in a tabular form
∙ Typing echo is available
∙ Spell checker is available
∙ Built-in dictionary is available
∙ Supports OCR functionality
∙ Provides natural voices
∙ Supports 7 languages
∙ Highlights the text while reading
∙ Word prediction functionality is
available

∙ Does not support reading of
math equations

∙ Cannot read the e-mails

2 Read the
Words
[15]

∙ Accepts files in DOC, DOCX, TXT
and HTML formats

∙ Reads text in a tabular form
∙ Supports 5 languages
∙ Saves audio in audio files
∙ Incorporates the created audio files
into emails

∙ Does not support reading of
math equations

∙ Merges data in the tabular
form

∙ No spellchecker
∙ No OCR functionality
∙ No e-mail reader
∙ No built-in dictionary
∙ No highlighting text
functionality while reading

∙ No word prediction
functionality
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systems, we recommend the following systems to be considered for an imple-
mentation, testing by actual students with disabilities of various categories, and
active use in SmU, and, probably, traditional universities:

(1) text-to-voice systems: Natural Reader [13] (about $ 70/copy) and Read The
Words [15] (about $ 40/year) commercial systems, and Balabolka [23] and Text
to Speech Reader [24] open source systems;

(2) voice-to-text systems: voice-to-text systems: Braina [35] (about $ 30/year) and
Dragon Naturally Speaking Home Edition [33] (about $ 100/copy) commercial
systems, and Google Docs–Speech Recognition [52] and Windows Speech
Recognition [43] open source systems.

Table 4.35 Strengths and weaknesses of ranked open source text-to-voice software systems

Rank System ref Strengths Weaknesses

1 Balabolka
[23]

∙ Accepts files in DOC, DOCX,
TXT and HTML formats

∙ Reads titles/text in an image
∙ Reads text in a tabular form
∙ Supports 30 languages
∙ Saves audio in audio files
∙ Highlights the text while
reading

∙ Does not support reading of
mathematical equations

∙ Spell checker is not able to
detect typos

∙ No built-in dictionary
∙ Merges data in the tabular
form

∙ No optical character
recognition
(OCR) functionality

∙ Cannot read the e-mails
No word prediction
functionality

2 Text to Speech
Reader
[24]

∙ Accepts files in TXT and PDF
formats

∙ Reads text in a tabular form
∙ Highlights the text while
reading

∙ Supports 10 languages

∙ Does not support DOC and
DOCX formats

∙ Cannot read text in an
image

∙ Merges data in the tabular
form

∙ Does not support reading of
mathematical equations

∙ Spell checker is not able to
detect typos

∙ No built-in dictionary
∙ No optical character
recognition
(OCR) functionality

∙ Cannot read the e-mails
∙ No word prediction
functionality

∙ Do not save audio into an
audio file
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Table 4.36 Strengths and weaknesses of ranked commercial voice-to-text software systems

Rank System ref Strengths Weaknesses

1 Braina
[35]

∙ Output format is in DOC,
DOCX and TXT formats

∙ Transcribes the entire audio
files into text

∙ Supports 40 languages
∙ Does not require lengthy voice
training

∙ Editing of a dictionary is
available

∙ Supports punctuation
∙ Can e-mail the outcome text
file

∙ Can access files and/or folders
∙ Note-taking feature is
available

∙ Enables users with predefined
and customized commands

∙ Provides reading of math
equations

∙ Can also convert text to speech
∙ Can set alarms and reminders

∙ Cannot e-mail the output
text files

∙ Spell checking is not
available

2 Dragon
Naturally
Speaking
Home Edition
[33]

∙ Output format is in DOC and
DOCX formats

∙ Supports about10 languages
∙ Does not require lengthy voice
training

∙ Spell checking is available
∙ Can e-mail the output text file
∙ Enables users with predefined
and customized commands

∙ Can also convert text to speech
∙ Mobile dictation is available

∙ Does not support reading of
mathematical equations

∙ Cannot access files and/or
folders

∙ Does not support
punctuation
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4.8 Conclusions. Future Steps

To be successful in a college/university environment, students with disabilities need
more support than students without disabilities. We believe the implementation of
specific software systems in SmU and SmC is a key for this to happen. Software
systems that address speech-to-text, text-to-speech, and gesture recognition will
help students with disabilities to be more successful in the educational setting. In
addition, students without any disabilities may benefit as well.

We are suggesting that SmC be equipped with various software systems so that
all students (a) will have better access to the content being delivered, (b) be able to
adequately interact with the professor and classmates, and (c) feel they are an
integral part of the innovative learning environment—SmC in SmU.

Although not all university professors have knowledge or experience with stu-
dents with disabilities, all of them should try to include them in the learning
environment.

Conclusions. The performed research helped us to identify new ways of
thinking about “students with disabilities in smart classroom and smart university

Table 4.37 Strengths and weaknesses of ranked open source voice-to-text software systems

Rank System ref Strengths Weaknesses

1 Google Docs–Speech
Recognition [52]

∙ Output format is in DOC
and DOCX formats

∙ Supports 70 + languages
∙ Does not require much
voice training

∙ Editing of a dictionary is
available

∙ Spell checking is
available

∙ Supports punctuation
∙ Can e-mail the text
document

∙ Pre-defined commands
are available

∙ Does not support reading of
mathematical equations

∙ No customization of
commands

∙ Cannot access files and/or
folders

2 Windows Speech
Recognition
[43]

∙ Output format is in DOC
and DOCX formats

∙ Supports 6 languages
∙ Supports punctuation
∙ Pre-defined commands
are available

∙ Can access files and/or
folders

∙ Editing of a dictionary is
available

∙ Spell checking is
available

∙ Does not support reading of
mathematical equations

∙ Requires MUI language pack
for additional languages

∙ Requires lengthy voice
training

∙ No customization of
commands.

∙ Cannot e-mail the text directly

124 J.P. Bakken et al.



environment” concept. The obtained research findings and outcomes enabled us to
make the following conclusions:

1. Smart universities and smart classrooms can significantly benefit students with
disabilities even though they are not the focus.

2. Many technologies that are geared towards students without disabilities will
actually impact the learning of students with disabilities.

3. Some students with disabilities may need specialized technology to have equal
access in the classroom.

4. Some technologies and software systems focusing on the success of students
with disabilities may help students without disabilities to be successful.

5. There are a variety of commercial and open-source software systems in the
areas of text-to-voice, voice-to-text and gesture recognition to aid students with
disabilities.

6. Given the variety of commercial and open-source software systems an in-depth
hands-on assessment of these systems by actual students with disabilities and
subject matter experts should be conducted.

7. Each of the commercial and open-source software systems in the areas of
text-to-voice, voice-to-text and gesture recognition have different features and
capabilities.

8. More research and testing in real-world scenarios needs to be completed
addressing commercial and open-source software systems in the areas of
text-to-voice, voice-to-text and gesture recognition to decide which of them
would have the most benefits for students with disabilities.

9. More research needs to be completed where actual students with disabilities
experience and evaluate commercial and open-source software systems in
various learning environments and scenarios.

10. More research needs to be completed that directly focuses on students with
disabilities in smart classroom and smart university environment.

Next steps. The next steps of this multi-aspect research, design and development
project deal with

1. Implementation, analysis, testing and quality assessment of numerous compo-
nents of text-to-speech, speech-to-text, and gesture recognition software systems
in Bradley Hall (the home of majority of departments of the College of Liberal
Arts and Sciences) and in some areas of the Bradley University campus.

2. Implementation, analysis, testing and quality assessment of text-to-speech,
speech-to-text, and gesture recognition software systems (a) in everyday
teaching of classes in smart classrooms and (b) with actual students with
disabilities.

3. Organization and implementation of summative and formative evaluations of
local and remote students and learners with and without disabilities, faculty and
professional staff, subject matter experts, administrators, and university visitors
with a focus to collect sufficient data on quality of implemented text-to-speech,
speech-to-text, and gesture recognition software systems.
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4. Creation of a clear set of recommendations (technological, structural, financial,
curricula, etc.) regarding a transition of a traditional university into a smart
university pertaining to software and students with and without disabilities.
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Chapter 5
Building a Smarter College: Best
Educational Practices and Faculty
Development

Nobuyuki Ogawa and Akira Shimizu

Abstract In a smarter university/college, various matters should be interconnected
for effective functioning. These include hardware, software, systems, institutional
policies, including admission policy, curriculum policy, and diploma policy, faculty
development, and information sharing. Our past practices of innovative smart edu-
cation are highly evaluated and, as a result, financially supported by the Ministry of
Education, Culture, Sports, Science and Technology, Japan, and National Institute of
Technology, Gifu College (NIT, Gifu College). The efforts of smart education are
being promoted at an accelerated rate. All of the faculty members are interconnecting
the variousmatters. Active learning practiced at NIT, Gifu College is characterized by
the use of educational systems with ICT equipment. From this point of view, in this
chapter, active learning has almost the same meaning as smart education. Based on
this idea, we describe various practices for building a smarter college.

Keywords Smart education � Smarter university/college � ICT � Active learning �
Faculty development � Curriculum

5.1 Introduction

5.1.1 Globalization of Smart Education

Uskov et al. [1] proposed that “… a future smart university is expected to have
distinctive features that go well beyond features of a traditional university, suffi-
ciently taking in Adaptation, Sensing, Inferring, Self-learning, Anticipation, Self-
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Organization”. These concepts are the core concepts of “smartness” that represent
the foundation of smart education. In this chapter, it is clarified which concept
among the smartness levels each content of smart education has.

Regarding a smart university, Hwang [2] describes the importance of the
real-world learning environment, stating: “It can be seen that applying intelligent
tutoring or adaptive learning techniques to real-world learning scenarios has
become an important and challenging issue of technology-enhanced learning. That
is, incorporating intelligent tutoring or adaptive learning techniques to
context-aware ubiquitous learning has become one of the important issues of
technology-enhanced learning” [2].

Coccoli et al. [3] state: “By ‘smarter university’ we mean a place where
knowledge is shared between employees, teachers, students, and all stakeholders in
a seamless way. … To cope with this reality, technology is no longer sufficient. We
suggest that a paradigm change is necessary to transform a smart university into a
smarter university, hence more efficient, more effective, and with a higher partic-
ipation of both students and teachers, collaborating to achieve the common
objective of better learning”. Both the former and latter authors point out the
importance of seeing our real society in addition to the technology, such as “the
technology and the real environment” and “the technology and sharing knowledge
among the university’s faculty members” [2, 3].

Active learning (AL) encourages learners to actively and independently solve a
problem. On such occasions, it is important to interact well with the other members
within a group and a teacher as a facilitator. In smart education, various types of
interactions are supported by ICT equipment, software, and other kinds of systems.
Recording the interactions in the learning process will cause the system to send
feedback or information helpful to learners and teachers in the form of a portfolio.
For example, e-Learning using educational videos enables learners to do
self-learning at home through the idea of flipped learning. Also, the use of ICT
equipment and some kinds of systems for problem solving learning, such as flipped
learning in class at a university/college, will effectively be able to bring out
learners’ active nature. Thus, AL becomes more finely tuned, more intelligent, and
more effective when combined with smart education. At NIT, Gifu College, we are
promoting this type of AL associated with smart education.

As globalization proceeds in the field of education, the increasing importance of
the smart university concept is considered as a global standard. In 2013, Japan’s
National Institute for Educational Policy Research, which is under the Ministry of
Education, Culture, Sports, Science and Technology (MEXT), proposed the “21st
century competencies”: in the future, Japanese students are expected to acquire, not
only knowledge, but also the capability to find problems for themselves and solve
them through thinking. The former Ministry of Education, now MEXT, substan-
tially revised the standards for establishing universities in 1991 as the Japanese
government promoted the decentralization of power and announced a policy to ease
the restrictions.
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5.1.2 Foundation for Smart Education in Japan

In the revisions, the related laws, including the School Education Act and the
standards for establishing universities, were drastically amended. This allowed
individual schools to flexibly develop unique education and research based on its
own educational philosophy and objectives. This takes place while responding
appropriately to the advancement of learning and the demands of society. The
related legal revisions led to the elimination of the details of the standards including
curriculum [4]. Under the revisions, the requirements of the standards were eased,
but a policy in instituted that stated that universities themselves should assure
quality of education and research. Consequently, universities were required to
conduct self-inspections and assess the quality of their education and research.

As a result of these revisions, the number of private universities in Japan
increased from 372 in 1990 to 605 in 2012. Also, the percentage of students who go
on to a 4-year university increased from 25.5% in 1991 to 50.2% in 2009, sur-
passing the 50% line for the first time. In recent years, however, the university
advancement rate has remained unchanged at approximately 50%. The total uni-
versity enrollment also tends to decrease, following the decline in the number of
high school students due to a declining birthrate in Japan. From a standpoint of both
enhancing international competitiveness amid globalization and quality assurance
of university education, MEXT announced “a University Reform Action Plan” in
June of 2012. This clearly indicated its intention to exclude universities that cannot
adjust to societal changes. The plan includes a policy to intensively provide sub-
sidies to universities that improve the quality of education and promote the
development of human resources focused on global outlook and/or contribution to
the local community. They must also severely deal with universities that have
problems with managing status and/or educational environment, etc. Also, because
of the decline in the number of high school students due to the falling birthrate,
MEXT has presented the following rough plan: universities are highly expected to
promote the abolition of departments and graduate schools related to teacher
training, humanities, and social science. They must also promote the abolition of
their reorganization to fields with high societal demand.

In Japan, it is estimated that the number of 18-year-olds, which stood at 2.07
million in 1991, will continue to decline to 1.01 million in 2030. The declining
number of children will cause the integration and abolition of universities in the
future. Just as with the worldwide trend to positively introduce e-Learning and
active learning (AL) into education amid increasing globalization, it is a natural
tendency to introduce ICT-driven education and e-Learning in Japan under the
present situation. MEXT is also strongly promoting the use of AL and e-Learning in
elementary, secondary, and higher education. In order to develop an environment
where school education appropriate for the 21st century can be realized, MEXT
budgeted the amount required for attaining the targeted level in the Second Basic
Plan for the Promotion of Education. This was endorsed by the Cabinet decision on
June 14, 2013. Based on the “four-year environmental improvement program for
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IT-based education (2014 to 2017)”, 167.8 billion yen will be budgeted every year
up to the fiscal year 2017, allotting 671.2 billion yen each year for four years.

5.1.3 Development to Smart Education in NIT, Gifu College

Colleges in the National Institute of Technology (NIT) accept junior high school
graduates who have just completed compulsory education. We focus on applicants
entering the best suited department by visualizing the educational content of each
department and publicizing the differences among all the departments. This has
made it possible to start specialized education at the first year and allow students to
acquire university-level expertise, receiving a high evaluation from several external
evaluation organizations, including OECD. As a success of the educational activ-
ities in NIT colleges, the graduates of departments have received a high evaluation
from society whether through gaining employment after graduation or transferring
into the third year at four-year universities. Those who have entered graduate
schools after completing the advanced courses of NIT colleges have also received a
high evaluation from the graduate schools they entered. Furthermore, the exami-
nations conducted by the National Institution for Academic Degrees, Japan, and
JABEE, such as the institutional certified evaluation and accreditation for the
advanced course of NIT colleges, have recently pointed out the need to develop a
curriculum while being more conscious of the specialized fields of respective
departments. Accordingly, the research performances in his/her specialized field of
the faculty of the departments of NIT colleges are screened more strictly than
before. The sophistication and complexity of the technologies, society needs,
globalization, global environmental issues, and the rapid progress of technological
innovation have produced an idea that we should foster engineers with wide range
of skills, though. Considering the social situation, NIT is promoting its educational
and organizational reforms throughout the whole organization.

Our past challenges such as advanced education using ICT equipment,
e-Learning education under the credit transfer agreement practiced in a consortium,
and developmental continuation of education constructed financially supported by
the “Support Program for Contemporary Educational Needs (GP)” led to awards
from several academic societies for education. Furthermore, NIT, Gifu College
acquired the AP. While financially supported by MEXT for five years, we started to
promote college wide educational reform at an accelerated rate for a smart college.
And now, entering the third year of support, it has been decided that the period of
our AP project would be extended from five years to six years. This will enable us
to more fully develop items that were scheduled for the latter three years. This can
further increase the quality assurance level of the graduating students. Our chal-
lenge of smart education is characterized by the practice of AL using ICT-driven
equipment as well as some kinds of systems. Also, AL as described in this chapter
is AL in a broad sense of the term, including project-based learning,
learning-by-doing, adaptive learning, and flipped classrooms. We are practicing
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smart education by using ICT-driven equipment and some kinds of systems. In
short, the objectives of our AP project practiced during this period, are to have
students acquire independent-minded, self-directive, and self-improvement minds
as well as their ability through learning at college, holding the practice of AL, and
the visualization of the learning outcomes as key words, while ensuring continuity
after the completion of the project. The advancement and internationalization of the
education of NIT colleges, which had been the education goals of NIT, Gifu
College before the acquisition of the AP, are related to the AP themes of other
fields.

5.2 Smart Education: Literature Review

5.2.1 Use of Data Mining

The wide use of the Internet has caused an explosive increase in the amount of
information available to society. It has also caused a tremendous increase in the
amount of information learners can access and, accordingly, provided them with a
greater range of interest and choices. On the other hand, it is becoming difficult for
teachers to meet all the needs of all learners. This is because teachers are limited in
knowledge beyond their lectures. By automatically supplying learning materials,
distributing reference materials, collecting reports, and conducting tests using ICT,
though, we will be able to build an educational system which responds to the
learner-centered personalized needs. Also, analyzing big data will make it possible
to create a system related to smart education. This is where teachers will support
learners to match each student’s ability.

Technology to extract knowledge is developing rapidly; it is conducted by
exhaustively applying some kinds of data analysis techniques. Statistics, pattern
recognition, and artificial intelligence by use of data mining can all be used to deal
with such large amounts of data [5–7]. Data mining analysis of learners’ study
history/portfolio of, for example, LMS, will make it possible to give feedback to
students and teachers. This corresponds to “sensing” when it comes to smartness
levels. Relational databases and its operation language (SQL) appeared in the
1980s, making it possible to perform dynamic data analysis on demand. Data
volume increased explosively in the 1990s and provided a spark for people to use
data warehouses for data accumulation. This trend created an idea of using data
mining as a way to deal with massive amounts of data in a database. It was then
slowly applied as a way of statistical analysis, the search technology in the field of
artificial intelligence, and so on. In the 2010s, a variety of practical services using
big data analysis, where data mining is conducted with an enormous quantity of
data, have appeared and are provided.

5 Building a Smarter College: Best Educational … 133



5.2.2 Data Processing on Students’ Physiological Responses

By gathering students’ data, in addition to giving feedback to learners and teachers
based on the analysis of data from LMS and so on, research is being conducted
where, after measuring learners’ automatic biological information, the result of data
analysis is fed back to learners and teachers [8–10]. Here, we find research to
evaluate educational materials with an entirely new approach. This is where stu-
dents’ physiological responses are employed to evaluate the quality of digital
educational materials scientifically and objectively, not by questionnaires or forms
of the same nature. This kind of coping using biometrics corresponds to “sensing”
of the smartness level. The authors measured the physiological responses of both
students learning with interactive educational materials and students learning with
non-interactive educational materials based on blood-flow engineering. They then
explained the difference between them. The data analysis was based on bioinstru-
mentation data. By incorporating the data into a system, we will be able to directly
provide feedback to the students as well as the faculty. Thus, we will provide a
smart education environment. For example, when the operational bioinstrumenta-
tion system detects that the students are inactive, a teacher can immediately provide
feedback by giving them appropriate or different educational materials. Besides, as
a different method for utilization of the measured results of automatic biological
reactions, the system will be able to analyze where and how learners have setbacks
in light of their pattern of learning. It can then provide detailed advice to them for
dealing with their setbacks. This matter corresponds to “sensing” of the smartness
level. Asanka et al. [11] took a look at how this can utilize eye blinking and a
learner’s attitude.

5.2.3 Challenges in Education in a Virtual World

Problem-based learning (PBL) in a virtual world has some challenges. The fol-
lowing references are worth noting in regards to the measurement of the eye
blinking in a virtual world and a learner’s attitude. Barry et al. [12] shows that the
introduction of a virtual world like metaverse into education will make it possible to
realize smart education where distance in space is followed by techniques. We can
create an environment where students feel as if they were learning in the same
classroom through metaverse as an educational environment, even though they
really are distant from each other [13, 14].
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5.2.4 Application to Smart University

At NIT, Gifu College, we are advancing the above-mentioned research. Their
research results have already been introduced into smart education classes. Their
practical realization will make it possible to introduce smart education, specifically,
to mostly shift individualized instructions by teachers to each student to ICT. This
will bring a substantial change to future models for education and the role of
teachers. In knowledge-acquisition learning, through an integrated management
system where an ICT environment and a software environment are associated each
other, each student studies by him/herself or with the support of a teacher. In class,
students take advantage of information, have problem consciousness, seek a solu-
tion, and present his/her idea. Teachers play a role as a guide for learning.
Specifically, they act as a facilitator who motivates students for learning and acti-
vate a discussion. They also need flexibility to deal with learners’ diverse interests
as well as their different desires to learn. These are regarded as the embodiment of
future education, which MEXT and the ruling party suggested, and are the
guidelines that universities/colleges all around the world aiming for “smart
universities/colleges”, including NIT, Gifu College, should follow.

5.3 Goals and Objectives of Smart Education

5.3.1 NIT, Gifu College’s Transformation
into a Smarter College

On April 1st, 2004, the National Institute of Technology (NIT) in Japan was
inaugurated to manage 55 national colleges (KOSEN) including NIT, Gifu College
[15]. In Japan, almost all prefectures have one KOSEN. It is an institution of higher
education with a unique feature that the campuses exist throughout Japan. In 2014,
ten years after its foundation, the Institute has developed the third-stage
medium-term programs and goals where the promotion of AL, which would
highly contribute to the realization of smart college using ICT-driven equipment, is
described. On the other hand, NIT, Gifu College, a higher education institution
celebrating its 53rd birthday in 2016, has been working on unique challenges
related to smart college since before the NIT in Japan was inaugurated. For more
than fifteen years, NIT, Gifu College has been developing ICT-driven educational
content to cultivate students’ voluntary learning. Also, we have developed a system
to give incentives for voluntary learning and its evaluating method.

MEXT’s “Support Program for Contemporary Educational Needs (GP)” once
sponsored our activity. These implementations led to use receiving several awards
from academic societies for education. Our ICT-driven education that has been
practiced for the past fifteen years was highly evaluated. As a result, our program
was selected as a project of the AP by MEXT in 2014. Our AP project began
college-wide smart education and was funded by MEXT for six years.
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5.3.2 Curriculum

The acquisition of the AP has triggered the introduction of students’ voluntary
learning into the classes of all teachers; this previously had been performed only in
a few classes. In our AP project, we will introduce AL into all the formal subjects at
NIT, Gifu College. We also visualize the learning outcomes of both non-curriculum
and AL of curriculum, based on the practical engineering credit system. Though AL
includes various kinds of activities, such as flipped learning, they correspond to
“adaptation” of the smartness level. In addition, AL places emphasis on thinking for
oneself and solving problems. These matters are related to “self-learning” of the
smartness level. We will promote active educational improvement and the visual-
ization of the learning outcomes by doing the following:

(1) to consolidate in a server and distribute both educational content for teachers.
This ensures the educational quality based on Model Core Curriculum
(MCC) established by the National Institute of Technology and learning
assistance content for students.

(2) to improve the classroom ICT environment.

(a) projectors with an electronic blackboard system,
(b) wireless LAN environment,
(c) terminal environment, and
(d) systems and software environment.

5.3.3 Creation of an Environment for Smart Education

We think it’s vital for first year students to become accustomed to AL in order to
understand its meaning and to experience and master the skills of creating new
things by themselves and/or with friends in classes over a short time period; of
course, these are true for students in upper grades as well. We are now developing
the supporting system of students’ voluntary learning; all of the teachers learn how
to use the electronic blackboard system, the LMS server, tablet PCs, and software
for creating teaching materials.

5.3.4 Development of Educational Materials

When starting this AP project, we consulted with some senior graduates of NIT,
Gifu College. Each has worked long and/or is currently working in Japanese
industries as leading engineers. There is emphasis on the knowledge and skills that
they think are important for when students enter the industry after graduation.
Specifically, in the 2014 questionnaire, they picked up forty-five important items
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among those included in MCC and recommended visualization of educational
outcomes of these items. More specifically, they suggested subjects, keywords,
related matters, backgrounds, reasons, motivation, the introductory level, the
intermediate level, the advanced level, and familiar products and cases in use, using
diagrams as well as texts when needed. From this academic year, we will create the
learning content and learning support content of each item based on the suggestions
of the graduates. We will also create the content while being conscious of the
learning level of respective content and the relations among the subjects.

5.3.5 Promoting and Visualizing Smart Education

It is important to construct both hardware and software interdependently in order to
realize smart education: the introduction of equipment and the advances in tech-
nology of classroom environment in terms of hardware as well as the systematic
analyses of the constitution of educational content, the establishment of the related
education system, and the creation of the educational content that goes along with
the system in terms of software.

The aim of our AP project is to promote students’ active way of learning by
practicing AL [16–27]. Therefore, we are creating an environment for practicing
ICT education useful for AL and developing teaching materials based on MCC
established by the NIT to ensure educational quality [15]. The AP project of NIT,
Gifu College is composed of two themes, Theme I and Theme II. We are now
promoting both Theme I, which is the promotion of AL, and Theme II, which is the
visualization of the learning outcomes. As for the initiatives for Theme II, we are
visualizing the educational and learning outcomes of NIT, Gifu College for
off-campus people. It also examines them every time NIT, Gifu College undergoes
accreditation by evaluation organizations such as the National Institution for
Academic Degrees and Quality Enhancement of Higher Education and the Japan
Accreditation Board for Engineering Education (JABEE) [28, 29].

In our AP project, we are proceeding with:

(1) the improvement of educational methods by introducing AL into all classes of
the formal subjects of NIT, Gifu College, and

(2) the construction of a system where the educational and learning outcomes are
visualized, evaluated, and examined quantitatively under the practical engi-
neering credit system, or a point system where educational outcomes are
visualized as independent learning outcomes.

Theme I, the promotion of AL, acts as a catalyst for accelerating the improve-
ment of educational methods of respective subjects, encouraging teachers to
improve their teaching methods as well as content, and cooperating with other
teachers concerned. The efforts made by respective teachers are shared and visu-
alized through our faculty development (FD) and debrief sessions. This is helpful in
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spreading the efforts within NIT, Gifu College. Theme II, the visualization of the
learning outcomes, focuses, not only on the learning outcomes of respective sub-
jects and the improvement of the educational outcomes, but also on the students’
independent learning process toward the objectives from entrance to graduation.
Under Theme II, we also visualize the process of developing the ability necessary to
acquire competencies, such as cooperativeness and humanity as well as literacies of
planning, independence, etc., so that students can attain their objectives.

5.4 The Creation of the Environment: Methods
and Outcomes

As described earlier, NIT, Gifu College is leading the way in the promotion of AL
among all the National Institutes of Technology. More precisely, we are improving
the environment for AL including ICT-driven equipment, e-Learning and teaching
materials and promoting educational practice with them as the AP, funded by
MEXT for five years.

In the academic years of 2014, 2015, and 2016, we introduced projectors with an
electronic blackboard system into all 25 classrooms for all five years of all the five
departments through bids at the expense of the AP budget. Furthermore, the
wireless LAN device was set up for use in the 25 classrooms so that the introduced
LMS systems, such as Moodle and Blackboard, could be used in classes. STORM
Maker, software for making teaching materials, was introduced to develop teaching
materials to store in the LMS. The special characteristic of STORM Maker, which
has an automatic voice synthesis function, simplifies the process of making content
that is based on materials. Therefore, we can easily create teaching materials with
voice for e-Learning with the work of entering character, without recording nar-
ration voice. Both male and female voices can be synthesized, depending on the use
and characteristics of teaching materials. Moreover, we introduced 163 Tablet
computers (Toshiba), 50 notebook PCs (Fujitsu) and 20 Microsoft Surfaces. All of
them were introduced for lending and being set up to connect to all the access
points of the wireless LAN for e-Learning in classes.

5.4.1 The Foundation for Introducing AL

As the actual performances that have led NIT, Gifu College to a hub for promoting
AL, there are two pillars:

(1) The practice of ICT-driven education performed mainly in the multimedia
educational building.

(2) The practice of the credit transfer system education using e-Learning.
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5.4.1.1 The Practice of ICT-Driven Education Performed Mainly
in the Multimedia Educational Building

The first pillar is the practice of ICT-driven education performed mainly in the
multimedia educational building. In NIT, Gifu College, from 2001 until the present,
ICT-driven education has been practiced in the multimedia educational building
where the fourth-year classrooms of all five departments reside. The installation of
ICT-driven equipment for teachers, as well as desktop personal computers for all
students with desks having a storage feature for locking away each personal
computer, made it possible to perform ICT-driven education in all classes
(Fig. 5.1).

ICT-driven equipment was introduced into teachers’ workspaces as well as
students’ workspaces in every classroom. Since the ICT-driven education system
has been introduced, ICT-driven education can be applied in various subjects,
including social studies, languages, science, and engineering. Every student can use
his or her own personal computer and enjoy multimedia education at his or her own
will. In NIT, Gifu College, ICT-driven equipment of the multimedia educational
building has been internally budgeted for replacement every five years. In 2016, we
introduced new ICT-driven equipment useful for AL. This will be mentioned later.

5.4.1.2 The Practice of the Credit Transfer System Education
Using E-Learning

Additionally, supported by the “Support Program for Contemporary Educational
Needs (GP)” since 2004, we developed the content and system for e-Learning.
Also, the program to provide two different kinds of consortium with lectures by
using the e-Learning system has successfully been continued until today. When
studying by e-Learning, students are supported by e-mail and teachers face-to-face.
They are supposed to study the content within the server for themselves, though.
Their studies with simulation software, interactive software, videos, texts, etc.

Fig. 5.1 ICT-driven equipment installed in the fourth-year classrooms
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correspond to “self-learning” of the smartness level. The number of NIT colleges
participating in the consortium is increasing year after year. To this day, nearly half
of all of the NIT colleges have already participated in the consortium (Fig. 5.2).

NIT, Gifu College has been strongly promoting ICT-driven education and
e-Learning. As described above, in a broad sense, we have been practicing AL for a
long time. Also, like other colleges, NIT, Gifu College has been practicing AL by
PBL for the instruction of practical experiments for the past years. Under the
groundwork of the above-mentioned AL, NIT, Gifu College began to strongly
promote AL. This includes flipped learning for classroom lectures in 2012. The
states of our practice, both before and after the acquisition of the AP, are described
below.

5.4.2 AL Before the Acquisition of AP

5.4.2.1 The Learning Environment of AL at NIT, Gifu
College Library (2nd Floor)

From this point forward, we will describe the learning environment of AL that was
developed in a room on the 2nd floor of the library of NIT, Gifu College. In order to
do flexible education of AL, it is important that the equipment in the classrooms is
flexible.

As shown in Fig. 5.3, considering these points, NIT, Gifu College has developed
a learning environment by installing some custom-made trapezoidal tables. These
can be combined in various forms according to the type of group work required, in
addition to movable downsized whiteboards for group discussion in the 2nd floor
room of the library. During breaks between classes and after school, students can

Fig. 5.2 An example of a presentation using the e-Learning system
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use the classroom freely. They can have an active discussion using freely arranged
desks for completing a report or studying for an exam.

5.4.2.2 Best Practices of AL

NIT, Gifu College is presenting a plan to introduce AL into all classes of NIT, Gifu
College and establish it within the term of the third-stage medium-term programs
and objectives. In 2012, NIT, Gifu College started AL with flipped learning in the
classes of some subjects underlying engineering. More specifically, these classes
were mathematics, physics, chemistry, applied physics, and applied mathematics.
These subjects took a central role in promoting AL in NIT, Gifu College.

In AL, where the utilization of knowledge is important, such class activities as
group discussion, debate, and group work, are effective. Also, cooperative learning
done in groups and presentations are indispensable.

In order to do flexible education of AL, it is beneficial that the equipment of the
classrooms to be used is versatile. In 2013, considering these points, NIT, Gifu
College developed ICT environment by installing electronic blackboards, tablet
computers, a file server for teaching materials, and the like in the laboratory
classrooms of applied physics, and chemistry.

Fig. 5.3 The learning environment of AL in NIT, Gifu College’s library
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The classroom has also been used for classroom lectures of applied physics and
applied mathematics and a new type of flipped learning where classroom lectures,
practical experiments, and ICT-driven education are combined has been practiced
(Fig. 5.4).

5.4.3 AL After the Acquisition of AP

5.4.3.1 ICT-Driven Equipment Introduced by the AP Funds

So far, at the expense of the AP budget, we have introduced 163 Tablet computers
(Toshiba), 50 notebook personal computers (Fujitsu) and 20 Microsoft Surfaces.
Besides this, the following four items were introduced through bids for the purpose
of developing various systems for smart education with ICT-driven equipment. The
name of the company written at the end reveals which company won a bid and is in
charge of constructing a respective system:

(1) an electronic blackboard system that uses ICT (Kameta Inc.),
(2) software for making teaching materials, STORM Maker (Otsuka Shokai Co.,

Ltd.),

Fig. 5.4 ICT installment in the laboratory classroom of applied physics
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(3) lease and maintenance operations of wireless LAN switch (Nippon Telegraph
And Telephone West Corporation), and

(4) LMS server (Moodle) and DB server+FileMaker (Nippon Telegraph and
Telephone West Corporation).

We believe that it’s vital for freshman students to become accustomed to AL in
order to understand its meaning as well as to experience and master the skills of
creating new things by themselves and/or with friends in classes over a short time
period; of course, these are true for students of the upper grades as well. Therefore,
in 2014, when our AP project started, we replaced the blackboards in the back of
the first-year classrooms of all five departments with whiteboards and introduced
Epson-manufactured projectors. Each has the function of electronic blackboard that
is described in the above item (1).

In the 2015 academic year, we introduced the same ICT environment into the
second and third classrooms of the five departments. Moreover, in the 2016 aca-
demic year, we are planning to introduce the same ICT environment into the fourth
and fifth classrooms of the five departments. Thus, the same projectors with the
electronic blackboard functions will have been installed into all classrooms of all
departments.

The introduced electronic blackboards make it possible to draw and write on its
whiteboard with a dedicated electronic pen without connecting a personal com-
puter. Digital data of drawing and writing can be recorded and stored in a file server
connected to the network. Moreover, the linkage function of a tablet makes it
possible for teachers to arbitrarily select students’ tablets up to 50 units from the
teachers’ tablet and display them on up to four screens. Using the projector control
toolbar displayed on the projection screen of the electronic blackboard, teachers can
easily select and control students’ tablet screen by operating on the screen
(Fig. 5.5).

It was basically left to respective departments in which personal computers the
assigned licenses are to be installed. The assignment of software for making
teaching materials, STORM Maker, is as follows: Two licenses for the departments
of liberal arts and natural science, respectively. Three licenses for the specialized
five departments, respectively.

The special characteristic of STORM Maker is that we can easily develop
content based on materials. It contains the functions to create original Power Point
material with animations, write an article on it using the notebook function, and
automatically translate original educational material into educational material with a
movie using the speech-synthesis function. (Figure 5.6) The software makes it
possible to automatically synthesize voice from text, which corresponds to
“adaptation” of the smartness level.

AL, which makes students learn on their own initiative, will help them gain a
deeper understanding. It is considered important that students present their
knowledge and opinions in a positive manner through presentations, discussions,
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and debates. The intention of the software is not only for teachers to make content,
but also for students to make content for future use. In addition to the fact that
students’ creative activities can also be considered AL, the teaching materials they
produce are practiced in classes of AL. When students make educational materials,
teachers are hoped to facilitate their content. Doing so will assure the quality and
quantity of the teaching materials and increase the quality of AL where students do
content creative activities.

The wireless LAN device was set up for use in all 25 classrooms every year
(from the first to the fifth year) in all five of the departments. The system was
developed by providing two access points for the wireless LAN in each classroom
and by controlling them using MAC addresses to prevent injustice access. The same
setting was conducted for more than 163 tablet computers (Toshiba). They can be
connected to all of the access points for the wireless LAN of 25 classrooms.
Therefore, though tablet computers are stored in the storage cabinets near the
first-year classrooms, they can be used in other classrooms as well. More specifi-
cally, more than 160 tablet computers (Toshiba) were introduced so that we could
use them in four classrooms at the same time. All of them were set up for con-
necting to all the access points of the wireless LAN of the above-mentioned 25

Fig. 5.5 Drawing on an introduced electronic blackboard with an electronic pen
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classrooms. Though tablet computers are stored near the first-year classrooms, they
can be used in the classrooms of the second, third, fourth and fifth years by simply
carrying them. In NIT, Gifu College, we are promoting AL while utilizing two
kinds of LMS; LMS (Blackboard) of started by NIT, Japan and LMS (Moodle)
introduced by the above-mentioned AP. LMS can be used in classes by using
equipment we introduced. It can also be used at home. When learners use it for
his/her own learning, LMS corresponds to “self-learning” of the smartness level.
The same goes for the 50 notebook computers (Fujitsu) and 20 Microsoft Surfaces
we introduced. They can be used in every classroom with the wireless LAN system.

The LMS server was introduced so that personal computers and tablet computers
within and outside the campus, as well as smartphones, could obtain access. This
enabled students to access it at home in addition to in the classroom. The use of
these kinds of mobile devices corresponds to “adaptation” of the smartness level. In
the 2014 academic year, students used the LMS server for conducting student
evaluation while teachers used it for submitting a report on AL. “DB server
+FileMaker” will be used for DB processing to visualize the learning outcomes and
visualization itself.

“DB server+FileMaker” will be used for DB processing to visualize the learning
outcomes and visualization itself. It will also be used in an effort to visualize
students’ learning activities performed outside the formal curriculum. Moreover, we
intend to build a “student analytics system” by using LMS and a DB server we
introduced, which corresponds to “inferring” of the smartness level.

Fig. 5.6 A screen of materials selection for making educational materials using STORM maker
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5.4.4 Replacement in the Multimedia Educational Building

In NIT, Gifu College, ICT-driven equipment of the fourth-year classrooms of all
five departments, which we mentioned in “4.1 The foundation for introducing AL”,
has been replaced every five years since it was first introduced. In the fourth
replacement done in the 2015 academic year, we changed each of the fourth-year
classrooms of all five departments into a flexible classroom environment. Now,
using tablet/notebook computing bought using the AP budget allow the practice of
AL. These connect to the classroom wireless LAN. The expenses needed for the
replacement were not from the AP budget, but from NIT, Gifu College operating
cost. Additional costs were covered by MEXT as well as the NIT. We expected,
however, that the change of the fourth-year classrooms into a flexible classroom
environment for practicing AL with tablet/notebook computers would make it
almost impossible to practice programming/CAD. Before that, the students were
learning these by using high-specification desktop computers with high memory
capacity, high-speed arithmetic processing capacity, and advanced drawing per-
formance. These were installed in the fourth-year classrooms. In order to deal with
this situation, we increased the number of the computer rooms of the Information
Processing Center from 3 to 5 in the replacement (Fig. 5.7).

Through the replacement of the Information Processing Center, the following
were introduced and distributed into 5 computer rooms: 242 Client PCs (DELL:
OptiPlex 3020 SFF), 4 Servers (DELL: PowerEdge R430), 1 NAS (Dell Storage
NX3230), 10 Printers (Canon Laser Beam Printer Satera LBP8710), and 5
Document Cameras (EPSON: ELPDC12).

Fig. 5.7 The whole image of the computer rooms of the information processing centre and related
facilities after the replacement
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For the sake of managerial convenience, the system we introduced was set up as
“thin client” and incorporated in the server system. Moreover, clients were set up to
be under the same server system and work in the same way with the notebook PCs
bought with the AP budget. This made it possible to conduct a smart management
of software introduced in clients. For example, though software systems such as
Adobe and CAD are managed under the license server, the connection of the license
server with the “thin client” system will make it possible to use software with
appropriate licenses in appropriate client PCs. We built a system where the server
automatically shuts down in the event of a power outage. This corresponds to
“self-organization” of the smartness level. The server system was designed to be
load-balanced in addition to a doubling for redundancy. This also corresponds to
“self-organization” of the smartness level.

5.5 Validation of Research

5.5.1 Faculty Development

As described earlier, NIT, Gifu College has established the system of associating
hardware with software. It also created an educational environment for smart
education. All teachers are practicing it; however, operation of the system depends
on human factors. In other words, even though using the same instrument/system in
a variety of types of smart education can be practiced, it depends on how teachers
use them. We consider it important to share information among faculty regarding
these matters. A teaching example of a teacher can provide the faculty with helpful
ideas. Sharing information in good examples among the faculty will promote the
practice of smart education at a college-wide level, leading to a true smart
university/college.

It is necessary to consider the following two things when practicing AL
according to the MCC curriculum:

(1) How to use the e-Learning system and ICT-driven equipment, and
(2) Educational methods of AL and e-Learning.

Teachers have different degrees of knowledge and skills regarding these two
items. This means it is important to improve the teachers’ knowledge and skills
through FD in order to promote AL and e-Learning within NIT, Gifu College. In
later paragraphs, we will describe the upward spiral of ICT-driven education
through FD in NIT, Gifu College.

In the 2014 academic year, we established the office for promoting AL as a
college wide organization and since then have been practicing AL. The office
members consist of the representative teachers of all the departments including
Mechanical Engineering, Electrical and Computer Engineering, Electronic Control
Engineering, Civil Engineering, Architecture, liberal arts, and natural science. This
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makes it possible to exchange information smoothly between the office and each
department. This system will be maintained in the future. Also, the members of the
office learn the newly introduced e-Learning system, ICT-driven equipment, and the
approaches of AL in advance. Each member then conveys new information to
his/her department. Moreover, the office is playing a leading role in promoting AL
by implementing the following two kinds of FD activities at every faculty meeting:
(A) teaching methods of AL and (B) How to use the e-Learning system and
ICT-driven equipment. In NIT, Gifu College, we regard “teaching methods of smart
education and AL” and “the use of ICT-driven equipment” as important cores. We
also have the idea that a variety of AL can be practiced by combining teaching
methods, the e-Learning system, and methods of using ICT-driven equipment.
Actually, some teachers, inspired by the FD sessions held at faculty meetings, have
created and practiced their own methods of AL.

Table 5.1 shows the FD sessions related to e-Learning and ICT-driven education
held in NIT, Gifu College in the 2015 academic year. Since the beginning of the
2016 academic year, we have been holding the FD sessions under the two new
subjects: one is an integrated subject of “teaching methods of smart education and
AL” and “the use of ICT-driven equipment”, and the other is a newly born subject,
“the FD sessions where examples of AL performed within college include field
works”. It has been decided that, in this academic year and from the next academic
year, the FD sessions will be held continuously. This is so that the teachers will be
able to acquire more advanced skills. By doing so, trainers can conduct detailed
instructions and respond to different teachers with different skills.

It is important to enhance teachers’ skills for teaching and student
counseling/guidance along with systematic curriculum to make college wide
organizational deployment of education work more effective. It is necessary for
each teacher to improve, not only his or her teaching ability, but also his or her
skills of using ICT-driven equipment in order to practice education based on
e-Learning and AL. This requires the improvement of the coordinated training
system, sharing and publicity of model education examples, and the system of
properly evaluating teachers’ education examples. Also, it is necessary to introduce
the system of teacher evaluations and student counseling/guidance conducted
within a campus (peer review). In NIT, Gifu College, we consider it important to do
continuous improvement performed by sharing and evaluating the education
examples that, we believe, make high-quality e-Learning and AL penetrate within
the college. These methods work well by both a shared understanding of the
objectives of the curriculum and the curriculum itself by teachers and the effort for
improving teachers’ skills for teaching and student counseling/guidance.
Considering the importance of organizational deployment of education curriculum,
it is necessary to hold organizational workshops (FD) concerning the objectives of
the curriculum, education content, and methods. It is important to keep in mind that
the characteristics and creativity of education should not be impaired.

148 N. Ogawa and A. Shimizu



T
ab

le
5.
1

T
he

co
nt
en
t
of

th
e
FD

se
ss
io
ns

of
N
IT
,
G
if
u
C
ol
le
ge

he
ld

in
th
e
20

15
ac
ad
em

ic
ye
ar

D
at
es

T
yp

e
of

ac
tiv

ity
pe
rf
or
m
ed

fo
r

pr
om

ot
in
g
A
L

Pe
op

le
th
at

th
e

se
ss
io
ns

ta
rg
et
ed

(h
ea
dc
ou

nt
)

R
es
ul
ts
,
ex
pe
ct
ed

ef
fe
ct

Pr
ob

le
m
s

M
ea
su
re
s
ag
ai
ns
t
th
e

pr
ob

le
m
s
de
sc
ri
be
d
in

th
e

le
ft
co
lu
m
n

Fa
cu
lty

m
ee
tin

gs
:
A
pr
.
1,

Ju
n.

3,
A
ug

.
5,

Se
p.

18
,

N
ov

.1
8,

Fe
b.

10
,M

ar
.1

4

N
IT
,G

if
u
C
ol
le
ge
,

co
lle
ge
w
id
e
le
ve
l

(F
D

on
th
e

te
ac
hi
ng

of
A
L

an
d
IC
T
-d
ri
ve
n

eq
ui
pm

en
t)

A
ll
te
ac
he
rs
(a
bo

ut
80

pe
op

le
)

T
he

FD
le
ct
ur
e
se
ss
io
ns

ar
e
ef
fe
ct
iv
e
be
ca
us
e
th
ey

ar
e
he
ld

w
he
n
al
l
te
ac
he
rs

ge
t
to
ge
th
er

T
he
re

ar
e
di
ff
er
en
t

ne
ed
s
be
ca
us
e
th
e

te
ac
he
rs

ha
ve

di
ff
er
en
t

de
gr
ee
s
of

sk
ill
s

A
w
id
e
va
ri
et
y
of

su
bj
ec
ts

ar
e
tr
ea
te
d

T
he

FD
m
ee
tin

gs
:M

ay
7,

O
ct
.
14

N
IT
,
G
if
u
C
ol
le
ge

(c
ol
le
ge
w
id
e

le
ve
l)

A
ll
te
ac
he
rs
(a
bo

ut
80

pe
op

le
)

U
se
fu
l
le
ct
ur
e
by

vi
si
tin

g
le
ct
ur
er
s

G
en
er
al

to
pi
cs
,
no

t
co
nc
re
te

co
nt
en
t

C
on

cr
et
e
co
nt
en
t
is
tr
ea
te
d

at
FD

re
ga
rd
in
g
A
L

co
nd

uc
te
d
at

fa
cu
lty

m
ee
tin

gs

(1
)
M
ay

26
–
28

w
or
ks
ho

p
of

bl
ac
kb

oa
rd

(b
as
ic
)

(2
)
Ju
n.

1–
3
w
or
ks
ho

p
of

bl
ac
kb

oa
rd

(i
nt
er
m
ed
ia
te
)

(3
)
Ju
n.

8–
10

w
or
ks
ho

p
of

bl
ac
kb

oa
rd

(a
dv

an
ce
d)

N
IT
,
G
if
u
C
ol
le
ge

(c
ol
le
ge
w
id
e

le
ve
l)

A
ll
te
ac
he
rs
(a
bo

ut
80

pe
op

le
)

T
o
ac
qu

ir
e
ho

w
to

us
e

bl
ac
kb

oa
rd

(b
as
ic
,

in
te
rm

ed
ia
te
,
ad
va
nc
ed
)

an
d
pr
ac
tic
e
A
L
in

cl
as
s)

So
m
e
te
ac
he
rs

ca
nn

ot
at
te
nd

w
or
ks
ho

p
be
ca
us
e
of

ot
he
r
sc
ho

ol
af
fa
ir
s.
T
he

te
ac
he
rs

ha
ve

di
ff
er
en
td

eg
re
es

of
sk
ill
s

T
he

sa
m
e
co
nt
en
t
w
as

pr
es
en
te
d
fo
r
th
re
e
da
ys
,

co
ns
id
er
in
g
th
e
te
ac
he
rs
’

sc
he
du

le
.
T
he

pa
rt
ic
ip
an
ts

w
er
e
fr
ee

to
se
le
ct
th
e
le
ve
l

am
on

g
th
re
e
(b
as
ic
,

in
te
rm

ed
ia
te
,
ad
va
nc
ed
)

W
or
ks
ho

p
of

m
oo

dl
e
w
as

he
ld

th
re
e
tim

es
in

Ju
n.

N
IT
,
G
if
u
C
ol
le
ge

(c
ol
le
ge
w
id
e

le
ve
l)

A
ll
te
ac
he
rs
(a
bo

ut
80

pe
op

le
)

T
o
ac
qu

ir
e
ho

w
to

us
e

m
oo

dl
e
an
d
ut
ili
ze

it
in

cl
as
s

So
m
e
te
ac
he
rs

ca
nn

ot
at
te
nd

w
or
ks
ho

p
be
ca
us
e
of

ot
he
r
sc
ho

ol
af
fa
ir
s

T
he

sa
m
e
co
nt
en
t
w
as

pr
es
en
te
d
fo
r
th
re
e
da
ys
,

co
ns
id
er
in
g
th
e
te
ac
he
rs
’

sc
he
du

le

Ju
l.
23

(A
ka
sh
i)
O
ct
.

14
(G

if
u)

D
ec
.
3
(K

yo
to
)

M
ar
.
1
(M

ai
zu
ru
).
T
he

20
15

A
L
pr
om

ot
io
n
st
ud

y
te
am

of
th
e
th
ir
d
bl
oc
k

T
he

th
ir
d
bl
oc
k

co
m
m
itt
ee

m
em

be
rs

of
A
L

pr
om

ot
io
n
st
ud

y
te
am

(t
he

co
lle
ge
s

th
at

be
lo
ng

to
th
e

th
ir
d
bl
oc
k)

T
he

nu
m
be
r
of

co
lle
ge
s
th
at

be
lo
ng

to
th
e
th
ir
d

bl
oc
k
m
ul
tip

lie
d

by
tw
o
co
m
m
itt
ee

m
em

be
rs

of
ea
ch

co
lle
ge

N
IT

at
A
ka
sh
i
an
d
G
if
u

C
ol
le
ge
s,
le
ad
in
g
co
lle
ge
s

of
A
L
,
ar
e
su
pp

os
ed

to
le
ad

th
e
ot
he
r
co
lle
ge
s

w
ith

in
th
e
th
ir
d
bl
oc
k
to

th
e
po

si
tiv

e
pr
ac
tic
e
of

A
L

E
ac
h
co
lle
ge

ha
s
a

di
ff
er
en
tp

er
sp
ec
tiv

e
an
d

de
gr
ee

of
pe
ne
tr
at
io
n
of

A
L
,
w
hi
ch

m
ak
es

it
di
ffi
cu
lt
to

ha
ve

a
co
m
m
on

un
de
rs
ta
nd

in
g

of
A
L

T
o
re
sp
on

d
to

di
ve
rs
en
es
s

am
on

g
co
lle
ge
s,
fi
rs
t,
it
is

ne
ce
ss
ar
y
to

as
se
ss

th
e

po
si
tio

n
of

ea
ch

co
lle
ge

by
co
nd

uc
tin

g
a
su
rv
ey

of
th
e

te
ac
he
rs
w
ho

be
lo
ng

to
th
e

th
ir
d
bl
oc
k

(c
on

tin
ue
d)

5 Building a Smarter College: Best Educational … 149



T
ab

le
5.
1

(c
on

tin
ue
d)

D
at
es

T
yp

e
of

ac
tiv

ity
pe
rf
or
m
ed

fo
r

pr
om

ot
in
g
A
L

Pe
op

le
th
at

th
e

se
ss
io
ns

ta
rg
et
ed

(h
ea
dc
ou

nt
)

R
es
ul
ts
,
ex
pe
ct
ed

ef
fe
ct

Pr
ob

le
m
s

M
ea
su
re
s
ag
ai
ns
t
th
e

pr
ob

le
m
s
de
sc
ri
be
d
in

th
e

le
ft
co
lu
m
n

Se
p.

24
:
w
or
ks
ho

p
of

pr
oj
ec
to
rs

w
hi
ch

ha
ve

th
e

fu
nc
tio

ns
of

el
ec
tr
on

ic
bl
ac
kb

oa
rd
s
an
d
ta
bl
et
PC

(t
he

fo
st
er
ag
e
of

tr
ai
ne
rs
:

fo
r
th
e
m
em

be
rs

of
A
L

pr
om

ot
io
n
W
G
)

Fo
r
th
e
m
em

be
rs

of
A
L
pr
om

ot
io
n

W
G

of
N
IT
,
G
if
u

C
ol
le
ge

Fo
r
th
e
m
em

be
rs

of
A
L
pr
om

ot
io
n

W
G

(s
ev
en

pe
op

le
)

H
ow

to
us
e
pr
oj
ec
to
rs

w
hi
ch

ha
ve

th
e
fu
nc
tio

ns
of

el
ec
tr
on

ic
bl
ac
kb

oa
rd
s

an
d
ta
bl
et

PC
.
H
ow

to
co
nd

uc
t
A
L
cl
as
se
s
us
in
g

eq
ui
pm

en
t

T
he

te
ac
he
rs

ha
ve

di
ff
er
en
t
de
gr
ee
s
of

sk
ill
s

W
or
ks
ho

p
fo
r
th
e

m
em

be
rs
of

A
L
pr
om

ot
io
n

W
G
w
as

he
ld
,f
or

fo
st
er
in
g

tr
ai
ne
rs

w
ho

w
ou

ld
in
st
ru
ct

th
e
fa
cu
lty

m
em

be
rs
.
T
he

in
st
ru
ct
io
ns

fo
r
te
ac
he
rs

by
tr
ai
ne
rs

ar
e

su
pp

os
ed

to
be

co
nd

uc
te
d

w
ith

in
ea
ch

de
pa
rt
m
en
t

Se
p.
25

,2
8,
29

:w
or
ks
ho

p
of

pr
oj
ec
to
rs

w
hi
ch

ha
ve

th
e
fu
nc
tio

ns
of

el
ec
tr
on

ic
bl
ac
kb

oa
rd
s
an
d
ta
bl
et
PC

(f
or

al
l
te
ac
he
rs
)

N
IT
,
G
if
u
C
ol
le
ge

(c
ol
le
ge
w
id
e

le
ve
l)

A
ll
te
ac
he
rs
(a
bo

ut
80

pe
op

le
)

H
ow

to
us
e
pr
oj
ec
to
rs

w
hi
ch

ha
ve

th
e
fu
nc
tio

ns
of

el
ec
tr
on

ic
bl
ac
kb

oa
rd
s

an
d
ta
bl
et

PC
.
H
ow

to
co
nd

uc
t
A
L
cl
as
se
s
us
in
g

eq
ui
pm

en
t

T
he

in
st
ru
ct
io
n
of

ho
w

to
us
e
eq
ui
pm

en
t
is

in
su
ffi
ci
en
t
fo
r
ac
tu
al

us
e.
So

m
e
te
ac
he
rs

ca
nn

ot
at
te
nd

w
or
ks
ho

p
be
ca
us
e
of

ot
he
r
sc
ho

ol
af
fa
ir
s

In
th
e
w
or
ks
ho

p
he
ld

at
a

cl
as
sr
oo

m
of

ea
ch

de
pa
rt
m
en
t
af
te
r
sc
ho

ol
,

te
ac
he
rs

ac
tu
al
ly

op
er
at
ed

pr
oj
ec
to
rs
,
w
hi
ch

ha
ve

th
e

fu
nc
tio

ns
of

el
ec
tr
on

ic
bl
ac
kb

oa
rd
s
an
d
ta
bl
et

PC

Se
p.

1–
4:

w
or
ks
ho

p
of

cy
bo

zu
(c
ol
la
bo

ra
tiv

e
so
ft
w
ar
e)

N
IT
,
G
if
u
C
ol
le
ge

(c
ol
le
ge
w
id
e

le
ve
l)

A
ll
te
ac
he
rs

an
d

co
lle
ge

st
af
f

T
o
ac
qu

ir
e
kn

ow
le
dg

e
of

pr
oc
ed
ur
e/

m
et
ho

ds
fo
r
m
an
ag
in
g

va
ri
ou

s
in
fo
rm

at
io
n
w
ith

in
co
lle
ge

So
m
e
te
ac
he
rs

an
d

co
lle
ge

st
af
f
ca
nn

ot
at
te
nd

w
or
ks
ho

p
be
ca
us
e
of

ot
he
r
sc
ho

ol
af
fa
ir
s

T
he

sa
m
e
co
nt
en
t
w
as

pr
es
en
te
d
fo
r
fo
ur

da
ys
,

co
ns
id
er
in
g
th
e
te
ac
he
rs
’

sc
he
du

le

150 N. Ogawa and A. Shimizu



5.5.2 Feedback on Smart Education

5.5.2.1 Teachers’ Feedback

The teachers practicing AL have shown the following good points and other
comments.

• A group solved a problem by their freewheeling thinking.
• It seems that group work made students consider how to make use of their

knowledge and that one student’s idea stimulated the other participants.
• Students coped flexibly with the new method.
• At the beginning of a class, I had students expect a solution. With the passage of

time, the final solution began to appear like fog clearing away. In some cases,
the solution was the same as the initial expectation and, in other cases, it wasn’t.
In all cases, most students seemed to have interest in the process.

• Some students could submit a task, which shows what they had learned through
homework and classwork in a wonderful way as soon as a class ended.

• Students were requested to complete common answer sheets by teaching one
another among the group members from the step of preparation; however, they
didn’t perform research beforehand or teach one another. Those who could solve
a problem for themselves continued to do so at their own pace. Those who
couldn’t solve a problem, though, didn’t even ask questions. They didn’t initiate
a discussion for completing a common answer sheet for the presentation.

• I hoped to get common answer sheets, which are almost the same level within a
group soon after the class ended; however, there seemed to be little difference
between the sheets of the students who work hard and the sheets of the students
who don’t work hard.

• The situation where the students teach one another among the group members
makes it possible for a teacher to contact them individually based on their level
of understanding.

• Few students fall asleep during the time. And we can urge sleepy-looking
students to sleep beforehand.

• Group work itself is effective and the instruction that a representative of a group
writes on the blackboard led several groups to a discussion on how they arrange
their thoughts in order to present their ideas in a simplified way. Also, the class
was very stimulating for a group idea which was given low evaluations at the
beginning yet turned out to be very useful in the process of treating handling
advanced content.

5.5.2.2 Students’ Feedback

The teachers that practiced AL have shown the students’ attitude. Most of them are
positive.
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• When I told the students the development processes of all groups, they acted as
a stimulus and the students worked harder in competition with the other groups.

• Group work activated the class and created a condition where the students made
a lot of remarks.

• A student who was not interested in the activity at first (i.e., not knowing the aim
and what was going on) began to have interest in the activity as the class
advanced and his level of understanding deepened. Finally, he seemed to be
satisfied with the result.

• The students who followed a teacher’s lecture didn’t actively ask questions
about the content of the presentations by the other students. Also, they seemed
to be unsatisfied when their teacher didn’t give explanations.

• The students who don’t work hard habitually in class didn’t make a preparation
and take part in a discussion. Also, they relied on the other students at the time of
presentation and submitting a report. In short, they didn’t change their attitude.

• Nearly every time, more than a few students in the class fell asleep during a
lecture. They seemed uninterested in the content of the lecture. Today, however,
they tried to solve a problem through discussion with fellow group members.
They seemed to have more motivation than usual. Seeing them, I thought that
most students could understand the problem. Today’s trial seemed to be
successful.

• I think some students increased their interest in mathematics. They were doing
calculations rather amusingly.

• At the beginning, they were solving a problem silently in an unfamiliar situa-
tion, but they began to exchange their ideas soon after.

• An hour or so after the class started, some students began to talk in whispers
through lack of concentration.

• Some students may not have taken part in the discussion, but most students
seemed to do so actively.

• Most groups made an active discussion. The description of their ideas on the
blackboard was useful for processing them.

5.5.2.3 Teachers’ Comments

Some teachers presented their comments, including the future feedbacks and
problems, after they practiced AL.

• The tasks that require students to think for themselves and solve problems in a
group setting are helpful for making their knowledge useful. It will stimulate
and activate problem-solving skills and communication skills.

• It is important to improve AL by providing feedback following its trial.
• Many teachers are hoping to learn the content of the advanced examples of AL

(flipped learning). We are planning to hold a workshop where an extramural
lecturer will make a lecture with the aim that we will spread AL in NIT, Gifu
College.
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• If we let students take the initiative, from beginning to end in AL class, they will
be at a loss for what to do first. I think that teachers should teach basic
knowledge. It might be an idea that students learn basic knowledge preliminarily
as homework, but it is unreasonable to carry out the idea considering the fact
that students have different degrees of ability.

• When students made presentations, the teacher tried correcting mistakes and
making comments. But some students didn’t pay attention to the teacher,
remaining unfocused on studying.

• If students perform preparation, group work, and presentations seriously, I think
their studies proceed smoothly.

• It was difficult to make the students concentrate on a new method as I instructed.
I think it is important to make them have an idea that they must study at their
own initiative and employ Teaching Assistants.

• They made few discussions within a group. Questions and answers were not
active at the presentation. These are probably because of their poor communi-
cation skills.

• It was effective in one class, but not effective in the other class. I am thinking of
increasing time spent doing group work and getting cooperative work on track
in the latter class. There may be some students who want to solve a problem
individually, but I am thinking of leading those diligent students to teach other
students voluntarily.

• It is difficult to know students’ reactions in an ordinary class, but it is possible to
check the level of understanding of each student, as a teacher gets a direct
response from each student in an environment where students can speak freely.

• Since the time a teacher speaks unilaterally decreases sharply, students and
observing parents might be mistaken into believing there is insufficient effort on
behalf of the teacher. Therefore, a teacher should always walk around the
classroom during a class, monitoring students as they work.

• I think how to solve a problem is difficult. I think it necessary to continue the
method and produce results, but I have not grasped the direction yet.

• Group work is very effective. Only a question will develop into a deep thinking
activity. But it takes some time. So, a teacher must consider the balance of the
method with the progress schedule.

5.6 Discussion

5.6.1 A Summary of Smartness Levels

In this chapter, we describe our practice of smart education in NIT, Gifu College.
Smart education was classified based on its smartness level. In each section, we
wrote our efforts related to respective smartness levels [1]. The key concepts are as
follows:
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(1) Adaptation: software for synthesizing automatic voice, mobile device access
designing, flipped learning, etc.;

(2) Sensing: feedback on learning history, coping with physiological responses,
coping with learners’ setbacks;

(3) Inferring: a system that visualizes students’ learning activities performed
outside the formal curriculum;

(4) Self-learning: learning materials such as simulation software, interactive
software, videos and texts; LMS; active learning which urges learners to think
for themselves and solve problems;

(5) Anticipation: an automatic registration of student information data operated by
combining some systems, a mail system as a crisis measure; and

(6) Self-Organization: a system where the server automatically shut down in the
event of a power outage; load-balancing in addition to a doubling for
redundancy.

5.6.2 Curriculum in Smart Education

A true smart university/college is where smart education is practiced at a
university/college-wide level. In order to realize this situation, it is important to
share information on smart education among the faculty and hold the FD sessions
on related matters in addition to a smart system environment mentioned above.
More specifically, this is a system environment of smart education created by
associating hardware and software. Also, it is necessary to create university/college
educational concepts, including admission policy and diploma policy, and the
education system of respective departments based on the educational concept, in
consideration of smart education. Moreover, it is necessary to prepare the cur-
riculum based on a common viewpoint in relation to the practice of smart
education.

Though the education of the NIT, which NIT, Gifu College belongs to, is highly
evaluated by various domestic and overseas quarters. The NIT is intended to pursue
the sophistication of its education, centering on the improvement of ICT environ-
ment. Taking world movements into consideration, the respective NIT colleges
have improved its educational content. This led to certification by some examina-
tion bodies such as JABEE; however, before the release of Model Core Curriculum
(MCC) by the head office of NIT on March 23, 2012, there was no uniform
standard regarding curriculum for all NIT colleges. Through the trend of the
revisions to standards for establishing universities directed by the Japanese gov-
ernment, the NIT started working to establish MCC ahead of universities after
conducting a hard survey of the current situation of curriculum, afterwards,
repeatedly conducted investigations, and published MCC in 2012.
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5.6.3 MCC in Smart Education

MCC is intended to clarify the model of a practical, creative engineer. NIT colleges
are fostering and the policies of educational content and methods assure the quality
of education in itself. They further promote the educational reform and improve-
ment with individuality and characteristics of respective NIT colleges. In the
schematization of NIT education, in addition to showing “Core (a minimum stan-
dard)”, the minimum skill level and content to be studied for all the students of NIT,
and “Model”, a guideline for further advancement of NIT education, is presented to
respond to more advanced social requests. The curriculum is promoting both
“Model” and “Core”, so the name “Model Core Curriculum (MCC)” is used. For
“Model”, in addition to only presenting the method of thinking, it is important to
share pioneering challenges performed in some colleges among all NIT colleges
and introduce them into the other colleges based on the realities of respective
colleges. For this purpose, NIT colleges are complementing MCC by sharing
education examples of engineering design created on a periodic basis. MCC doesn’t
indicate concrete curriculum itself organized and practiced by school as a narrowly
defined curriculum. It represents students’ attainment targets, or outcomes, as a
guideline for curriculum organization. The way of thinking conforms to domestic
and international trends and, when it comes to aiming to achieve the targets,
respective NIT colleges are indicated to devise a way to combine various educa-
tional activities such as concrete subjects, practical studies of every kind, and
extracurricular activities based on their own conditions and policies. MCC never
uniformly determines concrete subject names or content.

5.6.4 ICT Managed Classification of MCC in the Promotion
of Smart Education

MCC is organized from the viewpoint of the advancement of NIT to respond to
social needs. The direction of NIT is as follows:

(1) The fostering of engineers who can be active internationally in response to the
globalization of society and industry,

(2) The fostering of innovative human resources who can contribute to the sus-
tainable social progress, and

(3) The expansion into the composite, integrated fields that respond to the needs
of the local communities and industries.

MCC clearly specifies the targets for students to attain from the viewpoint of 10
items: mathematics, natural science, art and social science, basis of engineering,
Specialized Engineering Categorized by Field, Engineering Experiments and
Practical Skills Categorized by Field, Substantiation of Specialized Skills, Versatile
Skills, Attitude/Orientation, Comprehensive Learning Experience, and Creative
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Thinking Power. The teachers are proceeding with the following work and inte-
grating them with each other in order to meet our targets, following the curriculum
created based on MCC:

(1) Improvement of lecture and teaching method (Ex. group work, workshop-type
learning),

(2) Cooperation among teachers,
(3) Improvement of educational evaluation and checkup method (Ex. interview

and oral examination, portfolio of students and teachers),
(4) Development of teaching materials, and
(5) Activities of Faculty Development (FD) and Staff Development (SD).

In order for NIT, Gifu College to be a higher education institution that con-
tributes to local industries, it is essential to have a viewpoint of
industry-college-government cooperation, as well as regional cooperation. The
Targets of MCC are to be attained by combining the students’ attained level with
various kinds of methods and subjects. This is cooperated among teachers. The
students’ attained level is evaluated by what and how far they have learned.
In MCC, the students’ attained level has been established in accordance with the
dimensions of cognitive processes of the Bloom’s Taxonomy (cognitive domain)
Table (the revised edition):

(1) Knowledge-Memory Level (to be able to remember, recognize, recall related
knowledge)

(2) Comprehension Level,
(3) Application Level (apply knowledge, theory and information for applied cases

and problem-solving, execute, practice),
(4) Analyzing Level,
(5) Evaluation Level (to be able to judge based on criteria and standards, adjust,

find, observe, verify, criticize, judge), and
(6) Creativity Level (newly construct elements to organize the whole, to be able to

newly reorganize elements, produce, plan and design, create).

The study targets were established for each item of MCC, which will be linked
with the ICT systems such as e-Learning, the syllabus system, and the portfolio
system. For example, in the item of “Natural Science” (Large Classification), there
exists the item of “Physics” (Middle Classification) as one of the many items. In the
item of “Physics” (Middle Classification), there exists the item of “To be able to
synthesize and resolve forces” (Small Classification). The item of “Physics” doesn’t
mean the subject of physics itself, but represents collectivity of the attainment
targets regarding physics-related fields. When trying to make students rise to the
“(3) Application Level” in the upper years, with respect to the item of “To be able
to synthesize and resolve force”, the curriculum of the department is supposed to
organize with the following in mind: In the curriculum of a construction-related
department, for example, students are expected to rise to the “Knowledge-Memory
Level” in physics class of the early years, so that they can solve problems of
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“synthesis and resolution of forces”. On the other hand, they are expected to rise to
the “Application Level” in the structural dynamics class of the upper years so that
they can perform practical calculations of load when lifting heavy goods. Which
subject of curriculum each item of MCC corresponds to and how far it is taught is
checked and managed by the syllabus, e-Learning, and portfolio systems.

By combining the syllabus system with the e-Learning system and adding the
MCC check system function to the combined system, these systems work in con-
junction with each other, developing a system with an automatic registration
function. This kind of system corresponds to “anticipation” of the smartness level.
As another example of this, NIT, Gifu College has a mail system as a crisis
measure. In the case of a typhoon, for example, the system immediately and
automatically provides the students with a notice as to whether school will be
closed or not.

5.7 Conclusions

MEXT grants support promoting of university reform with the aim of activating
Japanese higher education and contributing to the development of highly skilled
personnel. It is intended to develop educational and research projects working on
leading educational reform in Japan by introducing competitive support. Our efforts
made for more than 15 years include the following: ICT-driven education,
e-Learning, distance education using e-Learning under the credit transfer agreement
practiced in a consortium with more than 20 colleges and universities within the
prefecture, distance education using e-Learning under the credit transfer agreement
practiced in a consortium with about 30 higher education institutions such as NIT
colleges, universities, graduate universities, and the Open University of Japan.

In that process, NIT, Gifu College applied for and successfully acquired the
“Support Program for Contemporary Educational Needs (GP)” of MEXT
(three-year financial support) in 2004. Also, in 2014, our application was picked up
as a project of the AP by MEXT with three-years of financial support. Moreover,
this year, it was decided that the period of our AP project would be extended from
five years to six years. Therefore, we are going to continue our research and
education on advanced practices until the academic year 2019.

Making use of subsidies from MEXT necessary for the projects to promote
educational reform of NIT colleges, NIT, Gifu College is promoting college wide
AL, as well as visualization of education from the viewpoint of both students and
teachers. Here, in this article, we described our efforts to visualize extra curriculum
education for promoting AL. In NIT, Gifu College, we consider it important to
visualize, not only feedback by means of visualization of education, such as
e-portfolio in formal curriculum, but also efforts in extra curriculum education.

The efforts encourage students to act based on their own ideas, help students
acquire generic skills, active nature, initiative, independence, and cooperativeness.
In our AP project, we visualize the outcomes of extra curriculum education by
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analyzing, classifying, and grading them. Moreover, we created a relational data-
base system in order to visualize each student’s data with ease.

Making effective use of the budget granted by the central government during the
extended period, we will strongly introduce beneficial approaches related to stu-
dents’ activeness. Also, we are strongly promoting the FD sessions for the use of
AL for all NIT colleges, as per an attempt to expand NIT, Gifu College’s efforts.
Moreover, we are developing the improvement of a learning-support ICT envi-
ronment, including the Learning Management System (LMS) with Blackboard into
the efforts of many NIT colleges for expanding it among all NIT colleges. Based on
the above, we added the following three items to the original plan of our AP project:

(1) research on students’ abilities conducted by using progress reports on generic
skills and the provision of individual portfolio,

(2) the great expansion of the Learning Commons environment in NIT, Gifu
College. which the universities aiming for smart university are promoting,

(3) the support of the FD programs regarding the use of AL, LMS, etc., and
(4) more accelerative promotion of the reduction of the burden on NIT, Gifu

College’s staff and effective use of our educational resources, mainly by
introducing a terminal management software and human resources, to provide
support; we added this item because of the ICT environment, which is not
fully utilized now due to lack of manpower.

The above-mentioned additional four items were highly evaluated by MEXT. It
was determined to extend the period of our AP project from five years (the initially
scheduled period) to six years.
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Chapter 6
Building Smart University Using
Innovative Technology and Architecture

Attila Adamkó

Abstract The terms Smart University and Smart Campus reflect the various
opportunities provided by universities to achieve better experiences for locals to
improve campus efficiency and cut down operating expenses. Both directions try to
help their users reach their aims much easier. Several new aspects and technologies
have appeared in the last few years and gained greater emphasis in areas such as Big
Data, IoT (Internet of Things), Future Internet, and Crowdsourcing. A University is
a proper place where all of these fields could be examined and applied continuously
as a sustainable evolution. In this paper, we investigate software systems and
related aspects of this evolution to introduce an open architecture for easily
extensible services. These services are responsible to provide their users
value-added information. This will increase the smartness level of the campus. We
investigated three directions for this reason: IoT to involve sensing, cloud and
ubiquitous computing to make our services available everywhere, and to transform
our service consumers to content generators or, in other words, data producers
and/or developers for new data source connections. The fourth direction, Big Data,
is a forthcoming addition to the previous three for enhanced analytical capabilities
to Smart Communities.

Keywords Smart university � Smartness feature � Smart campus � Smart com-
munity � Cloud � Architecture � Software system � XMPP � IoT � Smart educa-
tion � Adaptive � Service-oriented � Crowdsourcing

6.1 Introduction

Future Internet research from the last seven years has been focused on establishing
cooperation between the industrial and academic communities. The goal is to do
research on the Internet, its prospects, and its future. Around 2012, during the
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second wave of this research and experimentation, the technologies such as sensor
networks, cloud computing, and service-oriented architectures were in focus. The
author of this paper formed a group for the mentioned objectives in the Information
Technology Department at the University of Debrecen. We began to investigate
these fields and attempted to translate the challenges to our closer work environ-
ment. Technological changes continue to influence our everyday life, especially
with the use of so-called smart devices and the Internet being so readily available.
This means there is an increasing need for systems that could apply these tech-
nologies in an effective way.

In our case, we highlight four fields that must be connected for a better expe-
rience through better services. The identified areas are as follows:

• ubiquitous and cloud computing;
• Internet of Things (IoT);
• crowd-based solutions; and
• increased amount of data. This does not just mean IoT sensor data, but user

generated content and gathered data as well.

The incoming volume of information is significant and is foreseen to expand
exponentially. In order to handle the exponential data growth at a scalable and
fault-tolerant infrastructure cognitive, smart business intelligence must be applied
where information security and privacy are also reliably solved.

Ubiquitous computing, where every device is connected everywhere to the
network, is a very promising direction for the future of adaptive services. While
borders are blurred between computing devices, it has created a seamless and
smooth usage of systems. Obviously, the smartness level should not be measured
by numerous different interfaces provided for the devices. More importantly, it
should behave as a context-aware and customized environment available through
the cloud. While cloud computing architecture, beyond its core benefits, implies a
brand new attitude for all of its users as a service based utility model, users need to
adopt new ways for smart and connected devices as well.

An important factor is the customization that is supported by the IoT opportu-
nities within the sensors embedded in a user’s smart devices. On one hand, this
sensor data serves as an endless source that could drive a real-time and/or trans-
actional analytic module to feed services with actual or historical personalized data.
On the other hand, this infinite data stream influences the previously mentioned data
handling tasks regarding how much data there is.

In order to deal with these factors, our architecture at the data layer involves a
unit, referred to as Historical DB, to store the outdated section of the large amount
of data. This separation attempts to lower the load caused by queries. Moreover, the
historical portion does not need to be in a relational form. We can investigate other
data models, such as graph databases, to represent it in a much better form for
semantic analysis. In the first step, our vision includes a task for creating trajectories
to help users find nearby friends or colleagues based on earlier presence informa-
tion. The initial precondition for this idea is to have proper location-based data from
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users, such as GPS coordinates and/or connected Wi-Fi access points. At our
university campus, we have a park covered by Wi-Fi signals. This means it could be
used for outdoor location data based on the GPS coordinates of people’s mobile
devices. This is not always available due to the fact that users frequently turn this
function off. Furthermore, indoor positioning is not always accurate enough based
solely on Wi-Fi signals to manage proper navigational paths inside a building, e.g.
for a given room, rest room, canteen, or information points. For this reason, we
have started to investigate a BlueTooth Low Energy (BTLE) based solution, in
addition to the Wi-Fi access point based one, to increase accuracy.

The last piece in our framework is the role of crowdsourcing. This is a
well-known mode of sourcing to divide work between participants in order to
achieve a cumulative result. In our case, it is used on one hand for noncommercial
work and development of common goods such as the brand new establishment of
connections for new data sources based on a common interest. For example, this
could be like a new canteen’s menu for having a meal or parsing a new newsfeed
for recommended events. On the other hand, users are not only consumers as
service users, but they are producers as well since they generate data, such as sensed
environment by sensors or shared content, to drive the central module and to feed
the analytical part for more personalized and customized information.

All of these pieces together help us to resolve architecture for software systems
utilizing an open and extensible way to provide services for a better and smarter
user experience. The presented work focuses on the University field and discusses
solutions and services provided for students and instructors on an extensible
architecture. Some of these are supporting the educational line as a smart educa-
tional example for enhanced programming experience while others are used in the
campus environment, such as smart campuses, to provide a network for commu-
nication and collaboration. In a broader scope, these topics are fundamental parts of
a newly appeared concept, known as a Smart University [1].

6.2 Related Work

Conceptions for campuses with enhanced possibilities are not new ones. The first
approach was a joint work between MIT and Microsoft between 1999 and 2006.
The established iCampus system tried to alter higher education with the help of the
technology. As a base, the iCampus framework was created as a service-oriented
architecture to provide the ability to “modularize implementations of educational
computing applications, create reusable components, and enable component and
resource sharing within the university and across institutions” [2]. Sadly, the
website does not appear to have been updated within the last decade; however, the
outlined concepts were very straightforward at that time and could serve as a solid
foundation for future research.

In 2014, Cisco [4] published a whitepaper about educational innovation fueled
by the Internet of Everything (IoE). IoE, in their context, is an extension of IoT that

6 Building Smart University Using Innovative Technology … 163



is “allowing people, processes, and things to harness … data to improve decision
making for organizations and assist us in our daily lives” [3]. Their approximation
is similar to Gartner’s recent survey [5] about the number of Internet-connected
devices, stating the change will increase from 13 billion to 26 billion by 2020. Their
conclusion exposed a lifelong learning process that was brought forth by the rapid
technology changes including virtual reality, cyber security, data sciences, and
network infrastructure. Another prominent member of the IT sector, IBM, also
formed a Smart Education group [6] to develop big data, analytics, and
instrumentation-driven techniques to enable personalized education at-scale and
improve learning outcomes. They have specified the key concepts as Learner Risk
Stratification, Content Analytics, and Personalized Pathways.

6.2.1 Educational Aspects

These directions highlight that more attention has concentrated, not only on the
infrastructure required for constructing smart campuses and related applications, but
also on learning and teaching aspects extended with the provision of a satisfying
personal experience in the college life. These factors altogether are drawing up the
outline of a much bigger conception known as Smart Universities.

Following the educational and learning perspective, Ng et al. [7] outlined a new
conceptual paradigm as an intelligent campus environment. This was also referred
to as an iCampus. It was proposed with the aim of enriching the end-to-end life
cycle of learning within a knowledge ecosystem. Cloud based, ubiquitous, and
social network attributes also appeared in this field. Research has pointed out
problems originating from the distributive nature of the architecture combined with
the IoT. These together form a platform. Liu et al. [8] outlined the digital revolution
at campuses as an unavoidable process and presented an application intelligence
platform using the cloud. Hirsch and Ng [9] have recommended a mobile
cloud-based education as a method of ubiquitously providing contextually groun-
ded learning through handheld and smart devices. Nie [10] predicts a campus with
smartness as an application of integrating the cloud computing and the Internet of
Things. The proposed application framework of smart campuses is a transition from
a digital campus to a smart one using IoT and cloud computing to integrate all the
affected inner University systems into a unified model. This integration naturally
raises issues as well, such as the heterogeneity of the information sources, heavy
focus on office management tasks against teaching, and research aspects and the
missing data standards for IoT, e.g. RFID card, NFC, or sensor data with their
missing unified API for gathering.

Continuing the learning aspects, Atif and Mathew [13] proposed a solution that
integrates real-world learning resources within a campus-wide social network. Their
model forms a smart campus environment providing its users with context-based
personalized learning and feedback opportunities. While smart devices are on a
very rapid evolution and became part of our everyday life, users demand content
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with customization and personalization as well. These directions are under inves-
tigation and data mining techniques are involved to fulfill these requirements;
however, little evidence is available discussing the potential possibilities. Kuang
and Luo [14] constructed a model for an e-learning system to precisely and auto-
matically identify the interests of users from their logs and learning backgrounds.
Huayue [15] applied a topic model to develop a model of users’ interests, enabling
recommendation of resources for users of the system. This direction falls in the
Smart Education line and outlines a recommendation model to recommend
resources related to the users’ interests. Han and Xia [16] found a similar way in
their study where they mention a data preprocessing method that was applied to
web logs processing. In addition, they made recommendations for systems with
good efficiency and reliability based on users’ characteristic interests.

6.2.2 Architectural Aspects

Currently, there is not a synthesized solution for developing and deploying a
common architecture that applies the above-mentioned IoT and cloud computing
inside the academic society to support activities covered by their needs within the
academic environment. This includes educational and administrative factors that
mention the necessary security and information safety regulations. A good starting
point is IoT-A, which is a suggested European architecture establishing the basic
layers and components with their interconnectivity for a generic IoT environment.
To explain this in detail, nine layers have been developed starting from the topmost
application layer as an entry point. Data is passed through the services with man-
agement, communication, and security layers before ending up at the devices layer.
This IoT-A proposal is an important step in the way of approaching a standard
definition and virtualization of the IoT structure [11]. Elyamany and AlKhairi [12]
suggested a solution based on the IoT-A architecture that can handle the education
management process inside an academic campus with respect to students’ activities.
This includes the necessity of a safety environment. Their so called IoT-Academia
architecture was constructed on the basis of the IoT-A reference model, but was
extended with an additional layer to deal with the academia environment require-
ments expressed as a Service-Level Agreement (SLA) layer. While these layers
separate the concerns at a high level, further research is required to translate it into a
real service-oriented architecture.

As we identified analytics and data analysis as an important factor for smart
campus systems, related research could be found regarding data processing from
heterogeneous sources with some focus on semantics and social networking. Very
few studies have focused on data mining techniques within campus environments.
Boran et al. [17] describe a process that involves including semantic technologies in
an application prototype that integrates heterogeneous data. Yu et al. [18] have
proposed an architecture based on service-oriented specifications to support social
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interactions within campus-wide environments using mobile social networking.
Xiang et al. [19] introduced a framework based on a chat app for university-based
smart campus information dissemination.

Although these results are straightforward for the given domains, further
investigation is needed to form more general solutions while their development is
still in a primary stage. Moreover, these directions could potentially turn into a new
one when we bring up the possibility of using location-based aspects as well. All of
these further improvements are necessary in order to achieve a generic model that
can facilitate a much smarter campus environment. Based on these works, we could
create a list of key elements that are always related to architectural models with
service-oriented aspects in mind.

As a side note, another interesting area that should be noted is the field related to
the efficient resource allocation from the building’s point of view to lower opera-
tional expenses. Sensors are used to control different kinds of facility services such
as heating or air conditioning in order to achieve a more effective usage. Naturally,
these initiatives also have an important impact on the campus life, but we are
focusing solely on the previously mentioned directions and concepts while gener-
ally accepted solutions do not exist. Our initiative aims to found the establishment
of a smart campus architecture and proposes an efficient scheme involving a service
centric approach for data gathering, data mining, resource optimization, and
crowd-based expansibility.

While formalizing this scheme, we proposed a new concept called Smart
Communities. This is a community served through smart applications and services
by holding the following properties: sensible, connectable, accessible, ubiquitous,
sociable, sharable, and augmented. Smart communities are continuously changing
and are constantly on the move. Services must follow these changes from time to
time, resulting in a continuously evolving system. New data sources could appear,
resulting in new information that could be published for the community in order to
relay more efficient information to its users. This means that services need to know
about the community in order to become smart and share relevant information
based on the collected ones. In some cases, the problem originates from the amount
of available data. It influences one of our goals, which is to publish relevant
information as soon as possible. A centralized and unified way could help us drive
these smart services in favor of smart communities.

6.3 Challenges and Objectives for Smart Campus Services

The content and context of this research dates back to the appearance of the Future
Internet phenomena. The research objectives include facing the challenges posed by
the Internet and carry on investigations covering basic theoretical questions,
modelling examinations, the reassessment of architecture, content management, and
the creation of an extensible and open application platform.
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6.3.1 Smart Campus as a Small Smart City

When we began designing the data management infrastructure, we also started the
investigation of Smart Cities. This term expresses a trend to integrate multiple ICT
(Information and Communication Technology) and Internet of Things
(IoT) solutions in a secure manner to manage a city’s assets such as local depart-
ments’ information systems, schools, libraries, transportation systems, and other
community services. The overall goal of building a smart city is to improve the
quality of life by using urban informatics and technologies, such as sensors for
sensing and wireless networks for connectivity, to improve the efficiency of ser-
vices, including adaptive, shareable, sociable and ubiquitous aspects, in order to
meet residents’ needs. All of these properties reveal a large number of similarities
between the outlined challenges for Smart Campus and Smart City applications.
The three main identified characteristics are the following:

• Lots of potential users/consumers: The University of Debrecen has as many
students and employees as the number of inhabitants of a medium-sized
Hungarian city.

• Large variety of data sources/producers: Information arrives in various formats
from multiple sources and should be integrated, e.g., timetable, academic cal-
endar, information on consultation dates and times, energy consumption, etc.
Moreover, social networking and sensor-based information, including geolo-
cation, are proper examples of sources that could be common in both domains.

• Need for value-added services/service providers: service providers could give
additional value to the crowd-collected raw data using analytics. Basically, we
can say this is why someone would desire to join the community. While they are
sharing information/data through the system, they are receiving relevant infor-
mation based on their interests, location, etc., as well. The following use-cases
could outline its advantages:

• get notified when one of my favorite bands will play in a concert venue on
campus,

• get notified when an event’s (class, concert, etc.) date and time is being
modified,

• get location data provided by some of my friends and help organizing close
get-togethers,

• get notified if too many students plan to visit the professor’s office hour at
the same time and assist in reorganizing my schedule based on my task list
and the professor’s time table.

Naturally, the list of the use-cases is much longer and will be discussed in the
following sections. Before this, though, we need to outline one final advantage of
the Smart Campus or Smart University field. The users’ willingness to use an
application and provide valuable feedback is much higher in young people, espe-
cially students, than elders. They actively use handheld devices; hence, participa-
tory sensing can successfully be applied as a result.
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6.3.2 Challenges

From the Smart Campus’ software perspective, one of the most important chal-
lenges is to manage the collection of data from various sources. Moreover, the list
of sources is neither fixed in length, nor the type of the items on it. This can easily
change over time. This is a very frustrating factor in the requirements list and this is
why we need a highly extensible system designed for change. A Smart University
may have lots of various and, most importantly, heterogeneous, data sources like
the following ones. This list is just an excerpt from the University where the authors
are working:

• an Education Administration System contains information on course enroll-
ments, timetable information of courses, exam dates and times, etc.,

• education offices of the various faculty offering office hours,
• faculty members offering office hours, consultations, etc.,
• the menus of the canteens located at the campus,
• student governments organizing events for students,
• event hosts of actually any events (like public lectures, concerts, exhibitions or

whatever users might be interested in), and, which is essential,
• geolocation (e.g., GPS), Wi-Fi or some other sensor data collected by smart-

phones or similar devices,
• bibliographic databases, such as Google Scholar, DBLP, or Scopus, provide

information regarding researchers’ published journal articles or conference
papers,

• a Library Information System that is able to tell whether a given book is
available or not,

• data gathered by environmental and building sensors for temperature, humidity,
air pressure, air pollution, etc., and

• the crowd itself with the added value of the capability of generating content that
is interesting for a set of people from the community.

Achieving a value-added service typically requires integration of some data
originating from several of these sources. Therefore, our main challenge is to create
an architecture that allows the access of information from existing sources while
also easing the addition of new sources in a seamless manner.

The data sources could be divided into several not-disjoint categories: some of
these could be gathered in an automated way, similar to sensor data. Some of these
may require manual interaction, e.g., canteens’ menus or instructors’ office hours;
some of these data sources offer Application Programming Interfaces (APIs) to
access it, similar to social media sites, for instance, while others do not have APIs
and some web spiders are required to parse the data; some of the data sources
provide built-in notification mechanisms, e.g., an event feed of a social network site
using RSS, while others do not support it, such as adding new office hours or
changing the daily menu in the canteen, for example.
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The last factor is about the amount of data that could originate from these
sources. We can surely state that a big data management solution is required.
Naturally, the frequency of incoming data can significantly differ from source to
source. Some might be quite rare, e.g., inserting a new article into a bibliographic
database or office hours for the forthcoming semester; others, especially when
collecting sensor data such as location, can be frequent and, thus, resulting in a
large amount of data to be processed.

6.3.3 Goals

Our primary goal was to create an architectural framework in a university envi-
ronment that allows community members to create and use value-added services
based on the collected data. This data includes information regarding course
enrollments, timetable, exam dates, office hours, and various deadlines, as well as
data provided by the community. This collected data can be subject to analysis.

Our proposed open architecture should address the challenges described in the
previous section and should be as generic as possible in order to integrate a wide
variety of data sources regardless of how the data is processed. An architecture for
data management and knowledge discovery that fits into the framework based on
the Publish-Subscribe model is needed. Extensibility is our key concern. The design
should allow the addition of new sources with their processing steps defined in a
simple way.

Besides setting our goals, it might be useful to discuss what does not fit into the
scope of our goals. On one hand, discussions of the use of XMPP (Extensible
Messaging and Presence Protocol) will not be provided as the overall framework
was given. On the other hand, the development of value-added services may, and
will, require data mining activities including understanding the semantics of data in
order to eliminate duplications; however, they are completely out of the scope of
this paper as we focus only on the data management platform that can later be
complemented with online data analytics solutions currently under development.
Data security is an important issue that needs to be addressed in the technology
stack. Our opinion, though, is that it must be introduced at a higher level than the
data management level.

Based on these project outlines, our solution addresses features like sensibility,
adaptation, and inferring. They are centered on sociable communities to fulfill the
smartness requirements for applications. It’s sensible due to the fact that the sensors
sense the environment in order to become aware of events to locate and notify
(nearby) users. At a later time, this would include registering infrastructure related
processes. It is adaptive and inferring, as recommendations, activities, and personal
assessments could be served per user basis. An analytical module could build user
profiles to create trajectories as well as follow user interaction and skills.
Communities are implemented as groups to make communication available
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between users and groups in order to become sociable and support security and
authorization related elements. The connectable, accessible, and shareable
requirements for smart community applications all matter.

6.4 Methods and Results: An Open Architecture
as a Base for Intelligent and Adaptive Services

Nowadays, university campuses are constantly changing. Most of the applied tools
are extended with online capabilities, new collaboration environments are appear-
ing, and sensors collect data about various things. Following this important shift
with semantic aspects, we can state that value-added services can help us achieve a
much better and more effective environment at the Universities.

Naturally, this is not just true for this field. Rather, it is true about smart cities
and our all-around life as well. It is important to see that current research is heading
toward an easier life supported by our environment. It is not just for better and
efficient usage of the resources, but for increasing our overall experience.

In our case, at the university level, valuable feedback from the system helps its
users to achieve their goals more easily and find relevant information as they need
it. For students, this could be classroom information, attendance registration,
internal navigation, available workspace lookup, etc.; for the instructors, it could
help predict student dropouts, manage attendance, locate students on campus, etc.
The possibilities are endless, but IoT could extend it with much more. Not only
could internal navigation be developed, but building related services could be added
to the system also. For example, the climate control for classrooms could ensure
that they are not being heated when lectures are not scheduled. When a small group
of students book the classroom for a post-lecture discuss, though, the heat can be
turned on for the selected time slot.

Based on these important factors, we have proposed an extensible architecture
and implemented some of the aforementioned services to establish a smarter
environment at our University. The smartness level could be measured by the
value-added services. These need to be able to provide relevant information to its
users based on the collected data. As more services have become available, the
smartness level increases as an exponential curve. In order to achieve these goals,
we need to add some intelligence as an adaption feature to the system by applying
data mining techniques. This takes precedence over sensing, which is another
distinct feature of smartness.

Naturally, we need to make a distinction between intelligence and cognitive
capabilities. At first, only some intelligence can be achieved by the services with the
help of adaption. While users feel much better when it comes to personalized
information, these are not cognitive abilities from the system. Cognitive infocom-
munication [20] is a new research direction that should be involved in the future

170 A. Adamkó



steps. Currently decision making is just a short-term goal for evolving the smartness
features in this field. In order to increase adaptation, one should follow the Semantic
Web Initiative [21].

6.4.1 Open Architecture for Smart Services

From the Smart Campus or Smart University perspective, we need to design and
apply a new form of architectures in order to support services that will be
responsible for the smartness level of the system. We need a highly extensible
system since we do not know exactly what the sources for the content to be
collected will be.

These services should support intelligence, adaption, sensing, and prediction to
treat them as a smart service and, therefore, as a result, a Smart University. As we
mentioned, these smartness features are not only limited to facility management
purposes to increase energy efficiency. Rather, they could support the overall
experience of the University locals.

As we mentioned in the Challenges section, data sources can be divided into
several categories that are automatically processed through the API provided
excluding manually interpreted ones. One of the principal objectives of our system
proposal was to capture continuous data streams arriving from diverse sources. We
have chosen the Extensible Messaging and Presence Protocol (XMPP) protocol for
the base of the underlying communication protocol as it defines a standardized way
of event-based messaging and also allows extensibility while applying the
publish/subscribe model to fit perfectly into our architecture.

6.4.1.1 Extensibility and the Connectors

Extensibility allows properly preparing input channels for heterogeneous data
sources. Our proposed architecture in Fig. 6.1 introduces the term Connector,
which is a node responsible for collecting data from given sources and sending
updates to the Smart Campus Central Intelligence module. Special XMPP messages
are used to notify and transfer data to the Smart Campus’ Collector Interface. Using
this model, the SCCI should decide whether to approve or decline any updates
based on the gathered information. The repository update is declined when a
Connector sends a redundant piece of information, the Research Connector inte-
grates several sources like DBLP, Scopus, Google Scholar, etc., and the Research
Connector could realize that the collected data is the same as what had already been
found earlier from another location.

The Smart Campus Central Intelligence (SCCI) component of our architecture
provides an interface between the information sources including both the incoming
events (XMPP server) and the information stored in the database layer. This is seen
in Fig. 6.1.
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The list of sources in this figure does not contain all of the possibilities. Rather it
just contains the most prominent ones such as the Educational System and
Educational Office information and Library Information System for books and
scientific papers or sensor data from smart devices. This could help us demonstrate
what kind of diversity in data sources needs to be faced during the design and
development. Moreover, it is not just the collection that is a challenging task, but
providing value-added services typically requires an integration task as well.

6.4.1.2 Crowdsourcing for Collectors in a Smart Campus

According to our early vision from 2013, we have proposed this extensible
architecture that allows the extension of the system with new collectors both at the
data producer and at the consumer side. In the previous sections, we have men-
tioned a small excerpt of the various data sources according to [22].

The Connectors in our proposal are crowd-sourced compound entities without
any deep business logic. They contain the necessary parser or API implementation
for the proper sources for a given field. This includes a parser for Google Scholar
and an API for Scopus. It can be imagined as an open box that can be extended for
existing domains or created and attached to the system as a brand new one. This is
the power of the architecture because the crowd can do it. The only requirement is
to prepare the Connector for the proper XMPP message structure. If the XMPP
server has not received the required message type, the extension mechanism of the
XMPP comes into the picture. It can be created, inserted, and published to the
server.

For example, if a couple of students prefer to have lunch at the small restaurant
nearby the campus, they can easily develop a connector that parses the restaurant’s
web page to provide information regarding the daily menu. The same case can also

Fig. 6.1 Open architecture developed
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be true for different newsfeeds. When these sources become available, the potential
and interested users can be notified about it. This would increase the smartness level
of our solution.

6.4.1.3 Slices of the Service-Oriented View

A service-oriented view of our architecture is shown in Fig. 6.2. The Data Collector
layer uses the aforementioned Connectors to connect sources for incoming data.
The collected data is then used to populate the databases of the Data Management
layer. Applications created based on Web services are at the top of the figure. Inside
the SCCI layer, the business rules are defined and validated. This is where the
Analytics module resides.

The Data Management Layer should be explained in more detail as it highlights
a separate unit referred to as Historical DB. The Data layer’s responsibility is to
provide quick access to the static personal data and to the “fresh” real-time data for
adaption. This means that the frequently changing data, such as sensor data or
newsfeeds, can be easily accessed for a limited time, e.g., one, three, or six months.
After that, everything is placed in the Historical DB.

This separation could help us to speed up queries targeted for “fresh” data
because the data store cannot increase in size; however, the historical portion
introduces new challenges as well. On one hand, efficient handling could arouse
some problems. On the other hand, the Analytics module would require proper
support in order to find new and relevant information from inside the large amounts
of data. In this step, we are currently investigating graph databases to achieve a
more sophisticated semantic analysis for them. Naturally, the underlying data model
for Smart Campus also highlights challenges. We need to apply structured and

Fig. 6.2 Service oriented
overview of the system
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unstructured data as well. Moreover, it should remain an extensible model that leads
us to a semi-structured model where we know it does not fit into a uniform,
one-size-fits-all, rigid relational schema. Faced with the need to generate
ever-greater insight and value-added services, we turn to the aforementioned graph
technologies to tackle complexity.

In this context, following the Semantic Web initiative [21], ontology-based
annotation helps provide adaptive processes. This means that the incoming content
is enriched by semantic data or attached tags. We need to transform this data into
triples. The available prefixes are defined in the ontology into which these triples
are going to be imported. Traditional SPARQL could be used to make queries, but
we have found that graph databases could also be applied for reasoning. When a
new, and previously nonexistent, source needs to be attached to the system, the
proper edges should be added to the new nodes in the database.

Obviously, at the initial phase, only simple data collection is performed to gather
news, timetables, and schedules. In the second step, we have to pay attention to the
use of available information and reorganize the information. It is still not an
intelligent service, but if we have lots of applications working together and we can
share the information in the aforementioned way, the service will become smarter
and smarter. In the last step, the recommendation could be based on the learning
patterns from the users’ behavior. The marked events, places, or friends move the
highest level from adaption to prediction. This evolution could be considered the
lifecycle of the services.

6.4.1.4 IoT and the Cloud in Smart Universities

Today’s two most common buzzwords are the Internet of Things (IoT) and Cloud.
While IoT devices collect and submit sensory information flow, the Cloud provides a
solution for online services. An ordinary IoT device, such as a smart bracelet, has
half a dozen of sensors. These include ambient light, UV, acceleration, GPS, heart
rate, etc. Instead of delivering static values, for example, daily average
blood-pressure value, these sensors emit a continuous data-flow. This data-flow
should be transmitted, stored, evaluated, and transformed. This is the reason that we
introduced the Historical DB portion of our architecture.

In our case, IoT is muchmore related to smart devices that provide location-related
data to the services. It is not just for outdoor navigation, but could also be used to
search for nearby friends or events provided by the SCCI.

Moreover, indoor navigation could be supported as well. Applying Bluetooth
tags around the building, users can get help to find places inside a building.
Sometimes it could be useful to get directions to information panels, rest rooms, or
even rooms where an event takes place. This is a useful added value from the
system at events like conferences where attendees could easily find the location
without wandering around the entire building. Naturally, this could be extended to
people with disabilities to support voice guidance that can help them reach a given
place with ease.
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The cloud, in our case, is an online solution that is available anywhere, rather
than being restricted only to the campus. When it comes to cloud architecture and
cloud computing, the information technology landscape is becoming more and
more complex. In addition, the number of different interconnected system com-
ponents is increasing. Because of this, we are focusing only on the online avail-
ability of services. Cloud architecture offers the option to scale up or down as
demand varies. The scalability covers storage, memory, computing capacity, and
Internet bandwidth as well. While our architecture recommendation is at one step
higher in abstraction, we can state that our solution could be applied in this context
as well. At the implementation phase, we have chosen a Java EE based solution to
address these aspects.

Naturally, several questions could arise around privacy and security for a Cloud
based solution. Authentication and privacy are critical aspects of information
technology. As data manipulation relates to sensible private information, all the
components within the information technology supply chain should consider the
suitable and proper authentication and data-protection standards. There are also
other techniques for data protection, including anonymization, encoding, and
encrypting.

The author of [23] investigated the topics of scalability, sharing, and security in
regards to applications in the telemedicine field. The proposed Content Distribution
Network (CDN) in Fig. 6.3 could be imagined for the Smart Campus’ point of view
as a wrapper around the previously mentioned service-oriented architecture. This
could deal with scalability and crowd sourced information sharing between
Universities in order to drive analytic units for value-added data to its subscribers.

At the center of this, the best architecture to operate a Smart Campus is a
self-managed private cloud. A private cloud architecture is able to store a large
amount of unstructured data:

• process information with distributed workers,
• dynamically scale the system,
• guarantee information security,
• control accessibility,
• protect sensitive information, and
• monitor the system.

6.4.2 Groups as Small Smart Communities

The last piece in this ecosystem are the semantic tags associated with their groups.
These groups could model the subscribers that are the base of our original archi-
tectural idea based on the publish/subscribe model. Groups need to be used as
high-level entities. Some of them should be automatically created, such as the group
for a user’s personal calendar or for the newsfeed and all the mentioned cases where
the user is involved. As a member of a given group, you will receive the events
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published by that source. Naturally, one user can join as many as he/she wants and
one may create their own as well.

The visibility of the groups could also be controlled. There could exist public
and private groups, where people can freely join or only invited members can join.
A good example of this would be a class where only registered students can be
placed. These students are extracted from the Educational System’s collector’s data.

Another interesting slice of this representation is that the Smart Campus Central
Intelligence (SCCI) needs to be represented as a member of communities or groups.
The underlying XMPP technology requires ‘friendship’ between users to allow
communication with each other. At our side, it means that we need to represent the
SCCI as a user and make it a friend of all users in the system automatically.

6.4.3 Results

An example where our services are created and used by the Smart Campus is the
faculty inner portal that is based on Java EE. Its architecture involves three layers:
Enterprise layer, Service layer, and Persistence layer. While the Enterprise layer is
responsible for fulfilling all of the enterprise needs, including content, workflow,
document, user, and management, the Service layer is the core component. It
contains the majority of the business logic that performs enterprise needs. We
followed the Model Driven Architecture and that made the implementation of a

Fig. 6.3 Cloud architecture with CDN

176 A. Adamkó



Service Builder possible. It is used to automate the creation of interfaces and classes
for database persistence and a service layer. We applied Web services in the two
most common and significant protocols: JSON Web Services and SOAP. These are
seen in Fig. 6.4.

6.4.3.1 Smart Campus: Implemented Services

We have successfully implemented services in the portal and created some mobile
applications to achieve a smarter environment in our Faculty at the University to
emerge as a Smart Campus. The following possibilities are provided:

• Instructors’ office (opening) hours: The first available service was related to
the lecturers’ opening hours. A connector is used inside our system’s
Educational part to periodically check the instructors’ published data. When
changes occur, the SCCI was notified. Based on the student’s actual plan to visit
the instructor, all of the affected users are notified when the date or place is
about to change for one reason or another. Currently, we are implementing an
extension for this portal service to alter it to a fully functional XMPP client. The
goal is for the SCCI to provide a direct notification regarding the portal engine
changes. It should also request these operations without requiring any inter-
mediate crawler to check and gather the information. Moreover, students could
see the number of registrations for a given date. If it appears to be full, they can
search for another date or request a new consultation time.

• Online presence and chat: Another ongoing development is the creation of a
notification portal that will be integrated into the Faculty portal where users can
see each other’s online presence and start conversations without leaving the site.
This is the advantage of the XMPP protocol and the usage of LDAP. It is
straightforward because we can provide a platform where all of the
education-related tasks could be done. Therefore, users can experience the
added value of the services. Moreover, messages do not only have to be sent to
users. As an extension, it is possible to involve SCCI as a friend of all users.

Fig. 6.4 Layered view (source from Liferay documentation)
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This gives the possibility of notifying users within the portal system without the
need of the execution of any third-party clients. It is similar to push notifications
on mobile platforms. Naturally, the mentioned groups are also involved in this
extension as smart communities. XMPP supports it as a Personal Eventing
Protocol extension (XEP-0163: broadcast state change events associated with an
instant messaging and presence account) since it functions as a virtual
publish-subscribe service where all of the involved users automatically became
friends with the system-generated user who represents the group itself.

• Nearby events on map (ongoing): The portal changes its information provider
role to an online collaboration environment where geographical information is
applied as well. Figure 6.5 shows a map where a group’s events are displayed
for its subscribers. We are actually working on an extension to also involve
routing between the event’s location and the user’s actual position.

• Sensor data collector: A mobile application was created for recording data
provided by various sensors of a mobile device. Users can gain full control over
data being recorded. They can switch it on or off whenever they want to. When
switched on, the application is running in the background as a service and
collects data in the XML format, e.g., gyroscope, temperature, fine-grained or
coarse-grained position. This data will automatically be sent to an XMPP server
for further processing using data mining techniques. The XML document
contains the recorded data with a timestamp along with a header used for
identifying the mobile device. Data sampling is 1 ms by default. An Internet
connection is not required continuously because the data gathered offline will be
sent to the XMPP server foronly online cases. Figure 6.6 shows the activity
presented to the user for setting up the application.

• Indoor positioning (ongoing): We introduced an indoor positioning app
gathering the information from the building’s Wi-Fi access points. The results
were good, but it was not accurate enough in all cases. The interference

Fig. 6.5 Map displaying locations for an event’s subscribers
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sometimes did not allow the ability to precisely determine the actual floor in the
building, resulting in confusing outputs. Our new direction is based on BLE
(Bluetooth Low Energy). It provides more accurate positioning due to its
smaller detection radius. Naturally, it involved some investments because the
beacons should have been deployed in the building. Figure 6.7 shows a simu-
lation of the beacons’ positioning and interference using RSSI approximation.

Naturally, it is still not a systematic task. While the signal strength is influenced
by the building’s properties, the signal distribution does not show nominal signs.
Good approximations are based on several measurements and are still problematic
if a smart device can only see one tag. For better result, at least two are required.
Figure 6.8 shows an approximation perceiving two signals based on the blueprint of
our building.

The conditions become better if we can receive signals from three or more
independent tags. In this case, the location could be determined in a more
fine-grained way. The only thing that remained is the proper handling of the floors
and the detection of upstairs or downstairs movement.

• Personal calendar as a service: One of the first applications in our Smart
Campus vision was the development of the personal calendar. The initial version
was only a consumer app presenting upcoming lectures to its users. Events such
as thesis application deadlines and registration deadlines would show up under
the events.

Fig. 6.6 Data collector app
(Android only)
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As we mentioned in Sect. 4.1.3, the first step in the lifecycle of an intelligent
service is collecting information from various sources and presenting it in a unified
way. Obviously, at this stage, it cannot be treated as an adaptive, intelligent, or
smart service. Its cycle begins when users can look for and mark events as either
relevant or irrelevant. The feedback could serve as a basis for a recommendation
system that could display appropriate suggestions for the individual users.

Fig. 6.7 Simulator for indoor navigation

Fig. 6.8 Location approximation based on BT tags
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Moreover, if users could rate those events, the smartness level could evolve
because user feedback is always valuable information and could serve as an input
for further analysis in the Analytics module. As in an earlier paragraph, we showed
that users could see nearby events based on subscriptions for interesting topics. The
combination of these two service results in a much smarter service capable of
recommending nearby events based on user preferences. A graduated student
prepared the working applications. It looks similar to Fig. 6.9.

• Adaptive meeting planning (ongoing): For the above-mentioned calendar, we
began creating an extension for a meeting-planning module. The original con-
cept is based on the idea that the module will read all of the participants’
calendar events and attempts to suggest time slots that could be appropriate for
all involved attendees. The adaption was based on properties of the event related
to the user as well. It could be mandatory, optional, or reschedulable. Moreover,
certain participants have higher priority than others. For example, instructors’
calendars receive higher priority than students.

An initial version worked well with Google Calendar, but the connection for the
Faculty’ official internal Calendar has not been established yet. The provided API
currently lacks some necessary functionality.

The recommendation system’s evolution has been continued, though, with the
help of Artificial Intelligence, whereas some of our colleagues started to design an
algorithm based on graphs. According to [24], an Extended State-Space Model was
defined. If some of these events are at conflicting times, the calendar service may
suggest another schedule by replacing the time intervals of some events with other
available intervals. Suppose that the student designates a schedule containing k
events (E1,…,Ek), each with an initial time interval (from T1,1,…,T1,N1 to Tk,1,…,
Tk, Nk). The problem, which can be solved with the use of EBFS (Extended

Fig. 6.9 Android app for personal calendar
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Breadth-First), is to determine a schedule of the same events so that no two intervals
conflict. The proper algorithm was published in [24].

The services mentioned up to this point exist exactly inside our system and apply
our Smart Community term for groups. The principles followed our primary vision
regarding the lifecycle of smart, intelligent, and adaptive services. In addition, we
have opened a new direction for Smart Education. The following section contains
some details of our ongoing work for this field. It involves services not exclusively
residing inside the proposed framework, but supporting it to evolve the overall
smartness of it.

6.4.3.2 Observations

The primary motivation behind this Smart Campus project was to make the resi-
dents’ life easier while they are at the university. The prepared services have been
found to be useful for the everyday life as they help their users schedule their
valuable time. We have received several feature request and suggestions as well.
The most relevant ones are listed as future work in the closing section.

The overall experience shows that it was worth investing more than 2 years in
the development of this project. The first steps were the most difficult ones because
we could not find a commercial product to fulfill the requirements. Initial investi-
gations showed new results could be achieved when a general architecture is
designed first. Most of the problems occurred during the development because
application servers and APIs contained several bugs. These needed to be fixed
before the real implementation took place.

There currently are no extensive waiting times for lecturer’s office hours. Users
can also now find each other easily. If they cannot, they can send messages or get
notifications regarding events taking place nearby. The calendar module only needs
some minor adjustments to attract more attention as students are using messages to
schedule meetings.

Students are also motivated to join this ongoing project because they can learn
new technologies and collect valued experience on enterprise systems using a
service-oriented architecture.

6.4.3.3 Smart Education for Better Programming Experience

The term Smart Education is an expression to describe new ways in education. It
involves adaptive learning programs and collaborative environments with proper
monitoring and reporting capabilities. We can find more details in [25, 26], while a
survey could be found in [27].

If we use Smart Education with Smart Communities together in one context, we
can reach a much broader sense regarding Smart Universities and Smart Campuses.
These terms are all conducting something similar to when the Web 2.0 overtook
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Web 1.0. Communities, Communication, Sensing, and Big Data are all related to
this topic. They emphasize that users are not just reading the content, but are rather
creating it as well.

When we use the smart property for these words, we will create a collection of
terms related to adaption, intelligence, and sensing together to reach a better and
user-friendly environment where value-added services help users reach their goals
much easier. If we translate this concept to the education field, we find applications
(collaborative environments) where users get valuable feedback from the system
while they are using smart devices to perform different tasks.

In our case, two applications have been developed at the faculty level to help
students improve their programming skills. According to [28], our Smart Campus
environment used one system to manage programming contests (using ProgCont)
and another one to support instructors in offering optional and non-graded exercises
or assignments with the help of crowdsourcing.

“The basic goal of the ProgCont system was to support the organization part of
programming contests. … web application stores the exercises in a problem cata-
logue and collects the submissions including not only the solution source code, but
the necessary information about the competitors and contests.” [28].

Naturally, this is not a smart service at all, but following our service lifecycle
proposal shows that this is simply the first step. The service was not only used to
evaluate the submissions, but was used to derive useful information as well. The
gathered data could be used to express a user’s programming experience through
success rate and code metrics like used memory, CPU time, and length of the code
for each exercise. Nowadays, the system is also used for classroom tests [28]. The
collected data gives the ability to analyze and interpret that from the pedagogy’s
point of view. This supports instructors and students as well. In summary, three
main aspects and services were published:

• Support for programmers on Smart campus platform: The aim of the services
provided by the application is to help users of the ProgCont system when
solving different problems.

• Hint service: users can meet diverse difficulties during problem solving. This
service tries to provide useful suggestions to achieve goals. The suggestions are
based on virtual credits that can be collected by submitting successful problem
solutions. More credits mean more hints.

• Problem suggestion service: based on the user’s previous submissions and
experience, the system could suggest problems to solve the next time. The
problem suggesting service can contribute to the evolution and gained experi-
ence of users. Two types of problem suggestions can be distinguished:

• problems for maintaining the user’s level, and
• problems for upgrading the user’s level.

In the first case, the focus is on practicing while the second case is shifted to the
evolution side in order to help the user acquire new knowledge by solving slightly
more complicated problems.
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The other Web application inside the Smart Education field was created to offer
optional exercises or assignments for courses. These are not counted in the final
grade. The primary principle was the involvement of the crowd. While in the
ProgCont system, Instructors are preparing and analyzing the results. The Web
application offers the following major functionalities. It is possible

• to define exercises,
• to submit solutions,
• to assess submissions, and
• to comment and/or rate assessments.

As we mentioned, any registered user (i.e., even students) can define and
evaluate exercises. Those who solve an exercise can submit the solution to be
evaluated or assessed by someone else. In this manner, practicing students can
receive some feedback, even if these answers cannot be trusted.

Naturally, we need to account for the possibility of false positive feedback. To
handle this unwanted situation, not only the solutions, but the people giving
feedbacks, should also be rated. As a result, the ratings for people who regularly
give wrong answers will carry less weight.

Obviously, this should be treated as an early initiative to involve the crowd for
educational purposes. The results show that there will be voluntary users whose
valuable assessments are good enough to promote them as possible reviewers for
given tasks.

6.5 Conclusion and Future Work

Conclusions. The performed research and obtained research findings enabled us to
make the following conclusions:

1. The creation of a novel approach for an open architecture could be used to
provide value-added services for Universities. The original idea [22] was based
on a vision and a need for an extensible solution that is able to deal with new
trends. These include IoT-, cloud, and crowd-based approaches. During the
initial steps, we have identified key factors such as:

• distributed system architecture,
• ubiquitous computing,
• heterogeneous data sources, including internal sites with or without service

interfaces,
• sensors,
• professional sites,
• social media,
• sharing and accessing, and
• big amount of data.
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2. Addressing smartness levels in relation to these aspects directly leads to a smart
solution that includes (1) sensing, (2) adaptation, (3) inferring, and the (4) social
level fulfillment derived from the group and community concept. Sensible
features are applied through sensors sensing the environment in order to become
aware of events necessary to locate and notify nearby users. In the future, the
plan is to allow the registration of infrastructure related processes. The adaptive
and inferring levels could be reached as recommendations, activities, and per-
sonal assessments served by user basis. A necessary analytical module will be
used to build further detailed user profiles to extend trajectories as well as follow
user interaction and skills. Communities achieved sociable features. These are
implemented as groups to make communication a possibility between users and
groups. The connectable, accessible, ubiquitous, and shareable requirements for
a smart campus are mandatory and self-explaining.

3. While investigating the available solutions and research tendencies, it has
become clear that there is (1) no unified solution for Software Systems to
manifest a University or campus as a smart solution provider. During the
research phase, we have seen (2) several isolated results for dedicated
use-cases/problems. This is (3) without the possibility of integration, though.

4. At this point, we have concluded a need for an open extensible architecture to
support service integration and creation. This makes our proposed architecture
better than those available at other universities. The openness has led to an easy
integration of any existing service possible. The most useful direction seemed to
be to publish/subscribe the model and its XMPP implementation. We have
introduced a new term, the Connector, that is responsible to collect specific
information from different sources. This populates it to the central unit, or the
Smart Campus Central Intelligence—SCCI. This makes the necessary decisions
based on the business rules for each domain. The openness is provided by the
base nature of XMPP as new sources could be connected easily without
requiring any modification on the other pieces. When a given type of message
does not exist yet to transfer a specific kind of data from a new source to our
SCCI, XMPP allows the necessary extension without any pain. Moreover, new
sources could be added at any time by anybody because there is no need for any
special programming knowledge. This is because the well-defined APIs already
exist. This is where we can involve the crowd as, not only data suppliers for the
services, but also creators of new services. (1) Extensibility, (2) integration, and
(3) the crowd as publisher and developer help make our service more well
defined than any other solution. Naturally, the emphasis is not on the provided
services because they are not unique; however, there are unique ones as well.
These can replace provided way of their integration and (4) process through the
SCCI.

5. Whereas we find a way to connect heterogeneous sources to our system as data
suppliers, we also need to find a solution to deal with the large amount of data.
The Historical DB was created to do this by showing where the “old” data is
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currently stored. Examples of this are sensor data from the past, old events, and
outdated information that would only slow down queries if kept in the main
storage.

6. To combine all of the concepts discussed, we must use a security principal to
give available services to assigned users. We have applied the group philosophy
with smart properties and, thus, created the Smart Community expression to
describe the users of these smart services.

7. Our research includes a demonstration web site located under the https://
smartcampus.hu address where authenticated users could use several of the
aforementioned services. This helps these users become a member of our Smart
Campus’ Smart Community. Most of the published services proved to be useful
as users are regularly utilizing them. Users can bypass long wait times with the
help of the available office hours service. In addition, they can easily locate each
other and use the chat feature to communicate. The integrated map becomes
useful when looking for nearby events or friends. The first Wi-Fi-based version
for indoor navigation was tested during a conference where it was used to locate
rooms for participants.

8. Applications related to the Smart Education line also proved to be efficient. This
is because students are continuously using them to train themselves and orga-
nize programming contents; however, the crowd-based assessment evaluation
system needs more emphasis as this approach is not widely known and applied
by students.

Future work. Naturally, we have several ideas for further steps as well. This
includes enhancements over existing services as well as completely new ones such as:

• reminders for upcoming lectures and a possible approximation of arrival when
needing to go to off-campus locations,

• enhancing the previous one with a counter to indicate lateness,
• counting missed lectures and display a warning when no more absences are

allowed,
• penalty calculator for failed exams or missed lectures,
• nearby events based on recommendations,
• schedule meet-ups based on groups or common interests,
• continuous feedback, and
• from the developer’s perspective: push notifications, socket communication, UI

redesign and REST-based versions.

The underlying service architecture is in a testing phase currently and several
end-user mobile applications have been prepared. Several more must be created,
though, to truly call the system smart. The architecture fits well into the more
general publish/subscribe based architecture of Smart City and Smart Campus
applications. This is because it is extensible with new data sources that provide the
capability to integrate heterogeneous data. In the near future, the major goal is the
development and improvement of the Analytics module since proper analysis is the
key to add more value to the services.
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One of the most interesting and exciting new non-education-related services is
the introduction of a remote controlled bicycle locking and docking station con-
troller. Users through the mobile app, could read the QR code of the docking place
and open or close the lock. This will enhance the system with a completely new
direction to make it closer to a Smart University.
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Part III
Smart Education: Approaches

and Best Practices



Chapter 7
Practicing Interprofessional Team
Communication and Collaboration
in a Smart Virtual University Hospital

Ekaterina Prasolova-Førland, Aslak Steinsbekk, Mikhail Fominykh
and Frank Lindseth

Abstract A smart university must utilize different technical solutions to offer its
students varied and innovative learning environments optimizing the core learning
activities. Contact with patients is at the core of medical and health care education,
often taking place at a university hospital. However, students from one profession
seldom get the chance to practice in a hospital setting with students from other
professions, and they seldom see the whole patient trajectory during clinical
practice. Establishing a smart virtual university hospital mirroring a real life hos-
pital can prepare students for direct patient contact such as practice placement and
clinical rotation, and thus optimize and sometimes also increase their time on task.
Such a virtual arena will support student learning by providing adaptive and flexible
solutions for practicing a variety of clinical situations at the students’ own pace. We
present a framework for a smart virtual university hospital as well as our experi-
ences when it comes to developing and testing solutions for training interprofes-
sional team communication and collaboration. In the main part of the work reported
here, medicine and nursing students worked in groups with the clinical scenarios in
a virtual hospital using desktop PCs alone and with virtual reality goggles. In the
evaluation, it was found that all the students agreed that they had learned about the
value of clear communication, which was the main learning outcome. Using virtual
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reality goggles, almost all the students reported that they felt more engaged into the
situation than using desktop PCs alone. At the same time, most also reported ‘cyber
sickness’. We conclude that a smart virtual university hospital is a feasible alter-
native for collaborative interprofessional learning.

Keywords Smart virtual university hospital � Virtual reality � Medical training �
Collaborative learning � Virtual operating room � Educational role-play

7.1 Introduction

Patients are the major focus of medical education at all levels. The majority of the
student contact with the patient has traditionally been through practice placement
and clinical rotation in different health care settings, primarily in hospitals; how-
ever, the availability of time for interacting with patients in real life situations is
associated with a number of challenges.

First, the increase in the number of students means that each student can interact
with the patients less frequently, which is partly ameliorated by increasing the
number of patients. Second, there has been a constant drive for many years to
reduce the length of each patient’s stay, meaning patients spend less and less time in
hospitals and other health care institutions. Improvements in hospitals’ effectiveness
include ideas such as implementing clinical pathways (predefined patient trajecto-
ries optimizing the flow of selected patients through the hospital) and the increase in
the number of day and outpatient patients. These in combination lead to signifi-
cantly less time for contact between students and patients. Consequently, students
get less time on the task, which is paramount for preparing them for their
post-graduate work. Thus, there is a need for smart solutions that give the students
more time on tasks or make the time with the patients more effective.

Another aspect relating to interaction with the patient is the increase in
team-based work in health care. In a modern hospital, a patient is treated not by a
single health-care specialist, but by an interprofessional team with complex col-
laborative procedures and practices. This means that medical and nursing students
need to practice on complex interactions within a team of professionals. Although
this is increasingly acknowledged as a central competency by the practice field, it is
not implemented in the universities due to practical challenges. Students from
different professional health care educations typically have practice placement
separately from each other to not overburden those in the clinic. This means that a
hospital department can have medical students present at one time and nursing
students at another to avoid overcrowding of students in the ward. If there are more
students than staff and patients, it would be very difficult to get the everyday work
done.

The last aspect concerns the possibilities of a student following a patient over
time. When students are on practice placement, they are in one unit at the time. This
means that they only see patients while they are in direct contact with the unit. Even
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if the students have practice placement in other units, they will encounter different
patients there. Thus, they are usually not given the opportunity to follow the
individual patient trajectory. One consequence is that the students get little expe-
rience in understanding the totality of the patient’s situation, but also a lack of
understanding of how the health care system is organized, the complete process of
transition from one unit to another (i.e. seeing it from the perspective of both units
involved), and how this organization is experienced by the patients. The transitions
are found to be the especially weak points. Students, therefore, need to be skilled in
how to ensure the quality of services when the patient moves from one unit to
another.

To meet these and similar challenges, there is a need for smart flexible solutions
that can utilize collaborative technologies and digital learning resources. These are
some of the hallmarks of smart education [1], which is a central concept within
Smart universities. By ‘Smart university’ we mean a university that ‘involves a
comprehensive modernization of all educational processes’ [2]. A smart university
exhibits a number of various ‘smartness levels’ or ‘smartness features’, such as
adaptation, sensing, inferring, self-learning, anticipation, self-organization and
restructuring [3].

In the work presented here, we focus primarily on the “Adaptation level” within
the smart university framework [3]. The adaptation level concerns issues like the
ability to modify teaching and learning strategies to better operate and perform the
main business and educational functions. In our case, it is about adapting to the
challenge of preparing the students for the changing situations in health care as well
as about how we can modify our learning strategies to give students ample time on
task with individual patients and preparing them better for team based work along
various patient trajectories. In particular, we have focused on the adaptation to the
new platforms and technologies, variation in interfaces, and a new style of learning
and teaching.

Our solution has been to use Virtual Reality (VR) and to create a smart virtual
learning environment. We thus use virtual “technology supported learning envi-
ronments that make adaptations and provide adequate support” [4]. We have aimed
to make a virtual learning environment that will support student learning by pro-
viding adaptive and flexible solutions for practicing a variety of clinical situations at
the students’ own pace, adjusting to the student’s level of expertise and scheduling
limitations.

Based on information through contacts, web sites, and publications referenced in
the next section, it is evident that several world leading universities and hospitals,
especially in the US, UK, Australia, and New Zealand, have adopted 3D virtual
simulation as a part of their educational programs. Examples include virtual
hospitals/medical faculties at the University of South Florida, Imperial College of
London, and Auckland University Hospital. Such environments typically include
an array of different facilities such as emergency rooms, intensive care units,
nursing simulations, and general information for the public. Other examples include
the Maternity Ward at Nottingham University and the Emergency Preparedness
Training at University of Illinois (secondlife.com).
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Our own initiative has been partly inspired by these projects but seeks to achieve
a more coherent approach to the development of smart online virtual educational
solutions that are embedded in a holistic system to make them more accessible and
easier to use. This is done by utilizing an established and integrated framework.

We have worked with the long-term idea of establishing an online Virtual
University Hospital (VUH) to create such a holistic system and to be a venue for
learning, research, and development. The idea is to make a virtual mirror of the St.
Olav’s University Hospital (St. Olav), which is integrated with the faculty of
Medicine at the Norwegian University of Science and Technology (NTNU) in
Trondheim, Norway. St. Olav is newly built and is one of the most modern uni-
versity hospitals in the world with a state of the art technological platform and
modern clinical buildings. Furthermore, the teaching and research facilities are
integrated and distributed within the hospital.

As the success of such a smart virtual university hospital is dependent on the
activities provided within the framework, we have concentrated our efforts on
developing and testing solutions. In short, we have made a virtual part of a hospital
in the virtual world Second life (SL) with patient rooms, meeting rooms, operating
theatres etc. We first developed mono-professional scenarios for training
post-graduate nurses in a surgical environment, anesthesia, and intensive care [5, 6].
Then we moved on to a larger project known as VirSam (virtual communication
and collaboration, in Norwegian VIRtuell SAMhandling), where we focused on
training for third year nursing and fourth year medical students in interprofessional
team communication and collaboration.

The VirSam project is the focus in this paper, but we will describe the activities
leading up to this project in some detail as it shows the process we have gone
through to adapt our teaching and learning to smarter solutions.

7.2 Background

7.2.1 Virtual Reality in Health Care Education

Numerous modes for virtual learning currently exist, e.g. flexible low-cost 3D
virtual simulations, 3D virtual environments, and associated infrastructure acces-
sible over the Internet. This technology can benefit the educational process due to
low costs and high safety, three-dimensional representation of learners and objects,
and interactions in simulated contexts with a sense of presence [7, 8]. It has been
suggested that this technology can “considerably augment, if not eventually, rev-
olutionize medical education” [9].

Many studies reported the potential of 3D virtual worlds for educational activ-
ities when they have mostly been used on regular desktop computers [10].
Nowadays, these virtual environments can be used in combination with advanced
VR technologies, such as motion tracking and head-mounted displays (HMD)/VR
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goggles to increase the sense of immersion and, therefore, improve the experience.
This makes it more believable and transferable to real life. VR goggles are a type of
on-body VR devices that are worn on the head and have a display in front of the
user’s eyes [11, 12]. Most of these devices consist of a display and a tracking
system. It allows much greater immersion because the user can control the direction
of the view in a virtual world in exactly the same way as in the physical world—by
turning the head. The displays of VR goggles have larger fields of view and provide
a stereoscopic image, making the experience more believable. One example of this
is the Oculus Rift (http://www.oculusvr.com/), which has characteristics making it
stand out from its predecessors. At the same time, the device is relatively affordable
and, therefore, suitable for educational context [13, 14].

3D virtual environments have been widely used in the healthcare domain,
including both desktop-based virtual worlds and other VR applications. Examples
include training facilities for nurses and doctors [15–17]. These can be found in
palliative care units [18], health information centers, and anatomy education [19,
20]. Such training is, on several occasions, reported to provide a cost-efficient and
user-friendly alternative to real-life role-plays and training programs [18]. As
demonstrated in several studies, “virtual worlds offer the potential of a new medical
education pedagogy to enhance learning outcomes beyond that provided by more
traditional online or face-to-face postgraduate professional development activities”
[21].

Studies have shown that VR simulations contribute to enhanced procedural
skills, with clear transfer of training to clinical practice [22]. A variety of surgical
VR simulators have been developed (e.g., dental, laparoscopic and eye surgery)
which have shown clear benefits for medical training [23]. The use of VR tech-
nologies goes beyond procedural skills. Possibilities for synchronous communi-
cation and interaction allow using these technologies, at the moment mostly with
the desktop interface, for various collaborative learning approaches [24], as well as
facilitate situated learning [25] and project-based learning [26] approaches. In
addition, virtual learning environments can also support interprofessional and dis-
tributed medical teams working together on complex cases [27].

Desktop-based environments have been augmented with VR elements, such as
HMD, for treatment of various neurological and psychiatric disorders including
autism, phobias, and post-traumatic stress syndrome, the latter especially in military
settings. For example, the Virtual Afghanistan/Iraq system has undergone suc-
cessful clinical trials in using exposure therapy for treatment of combat-related
post-traumatic stress syndrome among veterans [28].

While VR can be used for pain treatment as well [29], there is still little research
on smart virtual learning environments in the field of healthcare education. There
are, as mentioned above, examples of individual projects, but there is a lack of
research-based innovation and research on implementation where such solutions are
integrated into existing everyday teaching. For example, Cates [22] and Ruthenbeck
[23] have requested more research on the use of VR/virtual environments for
procedural training at different levels of medical education and exploration of
solutions with greater levels of interactivity and increased realism.
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7.2.2 Communication and Team Training

While most of the existing VR simulations focus on training of cognitive and psy-
chomotor skills, there is a lack of solutions that support team and communication
training that are essential in modern medical education [17]. For example, Pan et al.
suggest further exploration of ‘immersive VR’ to increase understanding of the social
dynamics between doctor and patient [30]. While medical simulation sessions often
claim to include team training, they are generally not designed to achieve team
training competencies [31]. Furthermore, many medical schools do not have the
expertise necessary to implement team-training programs on their own [31].

This emphasizes the need to focus on interprofessional team training as an
integral part of the educational program at a smart VUH. Weaver et al. identify
identifies the following most common team competencies targeted in medical team
training programs: communication, situational awareness, leadership, and situation
monitoring. Instructional methods include information-based methods such as
lectures, demonstration-based methods such as videos, and practice-based methods
such as simulation and role-playing [32]. The latter is a common modality found in
68% of training programs [32, 33].

Baker et al. looked at an array of existing medical training programs, including
both simulation-based and classroom-based programs [34]. The former included
Anesthesia Crisis Resource Management and Team-Oriented medical simulations
and typically take place in a simulated operating room with patient
simulator/mannequin, monitoring/video equipment, and pre-post briefings [34]. The
classroom-based training programs include MedTeams, Medical Team
Management, Dynamic Outcomes Management, and Geriatric Interdisciplinary
Team Training. These programs typically include lectures, discussions, and
role-plays [34, 35].

Many existing programs focus on team-training within closed environments
such as operating rooms and emergency care units [36] while interprofessional team
training is important for improving patient safety and breaking down the traditional
discipline-based barriers [36]. This motivated the development of the Triad for
Optimal Patient Safety program (TOPS) [36].

Another interprofessional training program, originally developed by US
Department of Defense and the Agency for Healthcare Research and Quality, is
TeamSTEPPS (Team Strategies and Tools to Enhance Performance and Patient
Safety) [37]. This framework has gradually reached international acceptance and
has served as the main inspiration for our work in this project with developing
interprofessional team training simulation. TeamSTEPPS is “an evidence-based
framework to optimize team performance across the health care delivery system”
[38]. It has several important features, with one of them being the four team
competencies: Communication, Leadership, Mutual Support, and Situation
Monitoring [38].
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It is necessary to develop reliable methodological tools for developing learning
content and evaluating learning effectiveness team training in virtual learning arenas
[17, 27]. Research is also needed to gain knowledge of what are the good solutions
and how they should be adapted to meet students’ needs.

7.3 Project Goal and Objectives

The main goal of this project is to increase the students’ time on tasks by offering
smart online 3D virtual learning environments (with and without VR interface) that
provide the learner with practice opportunities, to be completed at their own pace,
where patient access is increasingly difficult to achieve. This is done through
enhancing the PBL (problem based learning) approach and facilitating online
environments for small tutor groups and flexible self-regulated learning, “anytime,
anywhere”.

7.3.1 Challenges in Medical Education

The medical doctor program at NTNU, where this study was based, has a PBL
based curriculum and is based on “spiral learning”. This means that the same topics
are repeated throughout the study with increasingly advanced level. The system
mainly follows the organ system, having one organ (or another topic) in the focus at
the time. The teaching is based on learning objectives that are detailed for each
semester and there are no fixed set books (students have to find literature them-
selves based on, e.g. recommendations from teachers). Furthermore, and different
from many other programs, there are no separate subjects. This means that when
new learning activities are integrated, it is not done on the level of a subject.
Instead, the new learning activities are integrated into an ongoing learning activity
according to which organ system/topic and the complexity level the activity
concerns.

Referring to the McMaster University PBL model as developed by Barrows and
Neufeld, which the medical school at NTNU has partly followed, the case-based
and explorative methodology consists of three key components: PBL, self-regulated
learning, and small group tutorial learning [39]. The method thus acknowledges the
complex interplay between the social and individual aspects of learning, as later
more fully elaborated and expanded in Nonaka and Takeuchi’s SECI (Socialization,
Externalization, Combination, Internalization) model for learning and knowledge
development [40].

While many medical schools, including NTNU, have adapted the PBL approach
for curriculum development and teaching and learning strategies, there is little
evidence to suggest that medical schools and postgraduate institutions are suffi-
ciently successful in helping students becoming effective self-regulated learners
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[41]. Acknowledging that the medical profession is “in a perpetual state of unrest”
[42], developing the self-regulated learner becomes an important aim in itself. The
process of becoming an effective self-regulated learner can be greatly supported by
technology [9] and offer new possibilities [21].

Solely focusing on the self-regulated learner would obviously be a dead end,
though. The community aspect of learning and knowledge development also needs
to be included. Drawing upon seminal work of Lave and Wenger [43], Engeström
[44], and Brown and Duguid [45], we suggest that the learning process and creation
of knowledge is also characterized by narratives, collaboration, and social con-
structivism. An increasing body of research from different disciplines has suggested
that the ability to visualize represents a particular difficulty for many learners.
Amongst these disciplines are economics, electrical engineering, the medical dis-
ciplines, and biology [46, 47]. The common problem is the ability to perceive
unseen forces, patterns, and the transition from 2D (i.e. on paper) to 3D (i.e. “real
life”).

7.3.2 Smart Virtual University Hospital and VirSam

Based on the context and challenges presented above, we have a vision of a smart
approach that integrates educational activities delivered virtually with other edu-
cational activities that prepare the students for practice. We have, therefore, worked
within the VUH framework introduced in [5, 6]. We identified initial requirements,
facilities, and technological solutions for the VUH as an arena for educational
activities, for personnel, for students, and for the public [5]. Some examples of
these are presented in Table 7.1.

To start the process of filling the VUH with content, some minor projects relating
to mono-professional communication and collaboration were started. The first
solutions were used for training nurses undergoing specializations in surgery,
anesthesia, and emergency care [5, 6]. This gave us valuable experiences in both

Table 7.1 Educational activities in a virtual university hospital

Activity Content, facilities and technological solutions

Patient simulation Operating room, patient ward, emergency area, virtual
humans, interactive hospital equipment, VR interface

Procedure training Various hospital departments (operating room, patient ward,
emergency area), information using videos and posters,
interactive hospital equipment, VR interface

Lectures, e.g. anatomy Classrooms, lecture halls, 3D interactive models of organs
and the human body, posters, videos, VR interface

Role-plays (team training,
patient communication)

Operating room, patient ward, emergency area,
reception/outpatient clinics, interactive hospital equipment,
VR interface
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setting up the VR environment and planning a more complex infrastructure and
logistics.

We decided to continue with the topic of communication and collaboration. The
pressing problem that students from one profession seldom get the chance to
practice with students from other professions inside a hospital setting is that they
seldom see the entire patient trajectory during clinical rotations. This was the
motivation for starting the VirSam project. We received funding from the NTNU’s
Top Education program for a demonstration project, which is reported on here.

The primary objective of the part of VirSam reported here was: to provide fourth
year medical and third year nursing students with the possibility of interprofessional
communication training in a smart virtual environment. The secondary objective
was to investigate the students’ experience with different technological solutions for
experiencing VR. This was done by having them use both a desktop version and a
set of VR goggles.

7.4 Methods and Technologies for Supporting
Interprofessional Communication and Collaboration

7.4.1 Developing Technical Solutions

We chose to use SL as the platform for developing the VR part of our VUH. SL
remains one of the most stable, developed, and populated virtual environments,
though there are most definitely certain limitations. We developed our virtual
hospital on the base of NTNU virtual campus in SL to make it easier for the
students to navigate there. Another advantage of using an established platform was
the possibility to buy ready-made models in the SL market place.

The virtual environment and avatars for role-playing have been designed in
accordance with the learning goals we have set and after consultations with spe-
cialists and examinations of the corresponding facilities in the real hospital of St.
Olav. We have made the following rooms:

• Patient room is the room designed for inpatient visits, which typically contain a
hospital bed, some medical devices, patient terminal (TV etc.) as well as a chair,
table and washing basin.

• Waiting area is an ordinary waiting area that one can find within all ordinary
hospital clinics, consisting of a reception desk, sitting chairs for patients and
relatives, and a table with magazines and papers.

• Sluice is a room that health personnel use for the delivery of patients on their
way to a surgery.

• Operating theatre/room is a place where surgeries are conducted. The room is
usually equipped with operation lamps, different medical equipment, and an
operating table for the patient.
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• Emergency room is a room where emergency patients are received for initial
examination. The room bears several similarities to the operating room.

• Intensive care unit is a room with several patient beds divided by curtains, with
some monitoring equipment, where the patients can be placed for observation
after surgery.

• Meeting room is where the personnel meet to discuss situations among them-
selves or where they have, for example, discharge meetings with patients.

The goal was to create a virtual environment realistic enough to give a feeling of
being in a real hospital. For example, the virtual operating room was modeled after
the one at the Department of Neurosurgery at St. Olav’s hospital (Fig. 7.1).

The same design approach was applied to the entire interior. Several equipment
artifacts were designed after those found in the real hospital as some of the virtual
equipment purchased earlier on the SL marketplace had limited functionality and
could mostly be used as an illustration.

An important aspect of using VR is that avatars represented the “players”. Thus,
to make the experience as real as possible, effort was put into making the avatars
and their appearance realistic in term of clothing, gender and general look. The
surgical nursing avatars’ uniforms were originally pale green and the ward nurses’
ones were white. Additional uniforms in other colors for anesthesia, emergency,
and intensive care nurses have also been made. In addition, we purchased ‘skins’
(faces for old people) and other avatar accessories (e.g., a hijab and jewelry, patient
gowns) at the SL marketplace.

We made avatars to represent different patient types (children, with foreign
background, with serious condition(s), etc.) as well as their relatives. The avatars
for the relatives and patients had to match the description in the scenarios, for
example, a ‘mother’, ‘pregnant woman’ or a ‘person with immigrant background’
(Fig. 7.2 left). The patient and the staff avatars contained more details and were
dressed in accordance with the standards adopted at the Norwegian hospitals.

Apart from avatars operated by the students themselves, we have made virtual
patients (programmable agents). The virtual patients could be static or dynamic.
The static avatars are placed in the waiting room and hospital corridors. In addition,
some beds in the intensive care unit are used to create an illusion of a busy hospital.
The dynamic virtual patients are agents programmed to simulate certain diseases for

Fig. 7.1 Virtual operating room (left) versus a real one (right)
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diagnostic training and include a ‘boy’ avatar with diabetes and an ‘old man’ avatar
with a heart attack. These avatars exhibited certain symptoms (by body language
and facial color) and were accompanied with blackboards and pop-up menus where
the user can get additional information, order tests, and choose a course of treatment
(Fig. 7.2 right). Depending on the chosen treatment course, the virtual patients
exhibit pain, recover, or die.

7.4.2 Instructions to the Students

The prerequisite for taking part in this system is that the students must have access
to a computer with SL installed. Therefore, we made instructions showing how
students could download the SL browser to their laptops, set up a user account, and
do some experimentation with the VUH environment beforehand. We also gave the
students a presentation of the VirSam project and a one hour long SL tutorial on
such topics as camera controls, avatar navigation, familiarizing with the environ-
ment, voice communication, and fetching a gurney for patient transport. Later, we
developed a short (12 min) video lecture giving the same information in condensed
form.

The students log into the VUH with designated avatars. To do the role-play, the
students are provided with the description of the clinical situation and role cards for
the different roles they can choose, which are described in detail below.
Improvisation during the role-play is important in order to mitigate the technical
limitations and make the role-play realistic. The technical aspect concerned things
that are different to realize in a virtual environment. For example, it is not possible
(or difficult) to control facial expressions and perform medical examinations and
manipulations. In such situations, the students need to explain what they are
doing/planning to do orally. The students are not given instructions on what to say.
Thus, they must improvise continuously during the role-play. They are instructed to
use their previous experience to play their role, meaning that there has to be some
adaption to the role.

Fig. 7.2 A pregnant virtual patient played by a student (left) and a dynamic artificial/programmed
virtual patient with student avatars around (right)
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Although it is possible to develop solutions as described above with virtual
patients (Fig. 7.2 right) with information given on blackboards, this solution is not
technically elegant, and it is difficult to incorporate the required flexibility.
Therefore, the students were informed that, in one of the clinical scenarios, there
would be a game master who had information about the tests and examinations that
ought to be done, as well as the results to these. To activate or get access to this
information, the students were instructed to clearly say which tests and examina-
tions they would have done. The game master was instructed to only give infor-
mation on what the students asked for. The game master was to not give out
information not asked for.

7.4.3 Learning Outcomes and Clinical Scenarios

Since the purpose of the project was to develop and evaluate smart solutions to give
students competencies in interprofessional communication and collaboration, all the
work was guided by the following learning outcomes that the students were
expected to reach:

1. Practical skills in conducting role-playing in a virtual world,
2. Understanding the importance of:

(a) clear and structured communication that is comprehensible to all parties,
(b) clarifying the patient’s wishes to set common goals for treatment and

follow-up,
(c) making sure that all roles and responsibilities in a team are properly

clarified and distributed,
(d) asking questions and listening to each other in order to obtain joint

understanding of the situation,
(e) making sure that everybody suggests solutions and contributes to the

decision-making process, and

3. Knowledge of collaborative team processes along the patient trajectories at the
respective departments and agencies involved.

These outcomes have been mostly inspired by the TeamSTEPPS framework [37,
38] and consultations with subject experts. To achieve these learning outcomes,
effort was put into developing clinical scenarios mirroring the real life work in
hospital departments. Two clinical cases, geriatric and gynecological, were devel-
oped by specialists from the corresponding clinics at St. Olav’s hospital, based on a
template provided by the authors. The template was inspired by literature review in
the previous section and focused on the communicative and collaborative aspects of
interprofessional teamwork during different types of patient trajectories.

Furthermore, we wanted to explore the usability of VR in presenting a con-
densed version of different types of patient trajectories. It was, therefore, chosen to
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make the geriatric scenario an example of a long-term trajectory lasting several
weeks. The gynecological scenario, which was a sub-acute condition, represents a
short-term trajectory lasting only a few hours.

In the following, the details of the two clinical scenarios are presented as it was
presented to the students. In each scenario, there are several roles, including the role
of the patient. A medical student is supposed to play the roles of a medical doctor or
a surgeon and, likewise, a nurse student is supposed to play the roles of a nurse.
Otherwise, there are no instructions as to who shall play the other roles, i.e. this is
left to the students to organize.

In addition to the general description of the scenarios, the students are given one
role card describing the role they shall play. For the role as nurses and medical
doctors/surgeons, very little information is provided in order for students to use
their own experience during the role-play. The motivation is to challenge the stu-
dents in a safe environment in order to test out their skills and knowledge. For the
roles as patients or relatives, some more information is given regarding behavior.
For each role, there is information on the corresponding role card, which is not
disclosed in the description of the scenarios, such as what the players should get out
of a situation.

7.4.4 Geriatric Scenario: Long-Term Patient Trajectory

The geriatric case represents long-term patient trajectory from admission to home
care.

Practical information. The role-play may have from 3 to 6 participants. With 6
participants, the roles are patient, doctor at the geriatric department, a nurse at the
ward, a relative of the patient, a municipal employee, and a game master. With 5
participants, the role of the relative is omitted. With 4 participants, the municipality
employee is also the game master. With 3 participants, there is no municipal
employee and the patient is also the game master. The game master acts as an
information provider who has information about test results etc., which may be
disclosed to other participants upon request.

Clinical situation. The scenario takes place at the inpatient ward at the geriatric
department. An elderly patient, 84 years, is hospitalized after a fall at home. The
patient spent several hours at the hospital A&E (accident & emergency) department
prior to transfering to the geriatric ward in the evening. According to information
from the A&E department, a home care employee found the patient on the floor of
his home. It is unclear how long the patient has been lying on the floor, but it was
probably for several hours. The patient is described as confused and anxious and
cannot account for the events himself. The patient has severe pain in the back and is
rather thin. It is reported that, according to the home care services, the patient has
recently complained about dizziness and feeling shaky. He usually uses a walker.
The spouse of the patient died one year ago. He has two children and four
grandchildren. He lives in an apartment on the 3rd floor with a lift. The patient is
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normally fairly self-reliant, but uses home care services for certain tasks such as
taking on/off compression stockings. He also gets his medicines in a so-called
multi-dose system where the medicines are pre-packed. He also has a remote
control safety alarm. His past diseases include hypertension, diabetes, and osteo-
porosis with previous compression fractures. The drugs he takes include Metoprolol
depot, Albyl E, Furix, Metformin, Calcichew-D, Alendronate, Sobril, Imovane, and
Codeine as needed.

Role-play. There are 4 scenes to be played. Those who are not participants in the
specific scenes are residing in the background or the waiting room in the virtual
hospital. Their primary function is to observe.

Scene 1: The first evaluation. The scene takes place inside the patient’s room in
the geriatric department shortly after the arrival of the patient at the ward.
Participants include the patient, doctor, nurse, and relative of the patient (Fig. 7.3).
The main purpose of this scene is to make an initial assessment of the patient’s
situation. The doctor and nurse need to clarify who does what and inform the
patient and the relative. The scene is concluded with the doctor and the nurse
summing up what needs to be done to clarify the situation (e.g., which tests to be
done) before leaving the patient room and proceeding to the meeting room.

Scene 2: Interdisciplinary planning meeting. The scene takes place inside the
meeting room. Such meetings normally are held at a fixed meeting time on the first
business day after the patient’s admission to the geriatric ward. Participants are the
doctor and the nurse (who are often joined by a physiotherapist and an occupational
therapist). The purpose is to present the patient (hospitalization cause, findings so
far), clarify the treatment objectives and actions, and start planning the discharge of
the patient. A designated game master provides information about the test results
and findings from examinations that were requested in scene 1. The scene

Fig. 7.3 The opening scene in the geriatric case, the nurse and doctor talking to the patient and his
daughter in the patient room
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concludes with the doctor and nurse summing up a course of action before the
doctor leaves the room.

Scene 3: Phone call to the municipality. The scene takes place inside the meeting
room. The time is a given number of days prior to the planned discharge date (i.e.
several weeks after scene 2). Participants are the nurse and a municipal employee.
The goal of the call is to start the discharging process and clarify how the
municipality might contribute with personalized home care or a temporary
admission of the patient to a rehabilitation or nursing home. Ending the telephone
call concludes the scene.

Scene 4: Discharge Meeting. The scene takes place inside the meeting room a
given number of days after scene 3. Participants are the patient, the doctor, the
nurse at the ward, the relative(s) of the patient, and a municipal employee. The
purpose is to plan the patient’s discharge as well as any necessary further action,
such as home care. Toward the end of the meeting, the participants sum up the
further action plan for the patient.

7.4.5 Gynecological Case: Short-Term Patient Trajectory

The gynecological case represents a short-term sub-acute patient trajectory from
admission to surgery preparations.

Practical information. The role-play takes place at the gynecological depart-
ment and may have from 3 to 6 participants. Depending on the number of available
players, the participants are the patient, the doctor of the gynecological department
(also surgeon), the nurse on the ward (core participants with 3 players), the surgical
nurse (if 4 players), the husband (if 5 players), and the anesthetic nurse (if 6
players). The same person can potentially play the ward nurse and surgical or
anesthetic nurse, depending on how many people are participating.

Clinical situation. The patient is a 30-year-old woman with no children (Para 0)
who arrives at the gynecological department with suspected ectopic pregnancy
(pregnancy outside the uterus). Her husband is also in his 30 s. She became acutely
ill at work, coming to the emergency room with severe pain in her lower abdomen.
At the emergency room, a pregnancy test was taken that unexpectedly turned out to
be positive. Therefore, a tentative diagnosis of ectopic pregnancy has been set. The
findings on the examination include tenderness by bimanual palpation of the uterus
corresponding to the right adnexa (surroundings of the uterus). A vaginal ultra-
sound shows no intrauterine pregnancy. Some free fluid in the (ovarian) fossa and a
donut-like structure corresponding to the right adnexa of the uterus can be seen on
the ultrasound, confirming ectopic pregnancy. It must be removed on the same day
with laparoscopic surgery under general anesthesia. Prior to the operation, the
surgical team should go through a ‘safe surgery’ checklist with the presentation of
the team and the planned procedure.
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The patient’s symptoms include severe pain, weak and ongoing vaginal bleed-
ing, and paleness. The labwork showed the u-hCG +, quantitative HCG > 1000 Hb
8 (low).

Role-play. There are three scenes to be played. Those who are not participants in
the specific scenes are residing in the background, the waiting room, or outside the
operating room in the virtual hospital to observe.

Scene 1: Assessment and informing the patient. The scene takes place in the
patient’s room and the participants are the patient, husband, ward nurse, and doctor.
The purpose of this scene is to make an assessment of the patient and explain the
situation to her. The patient has just arrived to the gynecological department from
the emergency unit and is lying in bed. The husband is sitting in a chair. The nurse
enters the room (or is in the room from the beginning), performs some tests and
asks questions before explaining that the doctor is coming soon. The doctor enters
the patient’s room and the nurse presents her findings. Afterwards, the doctor
‘performs an ultrasound’ and explains the diagnosis, the need for surgery that will
follow immediately, and how it will be done. Shortly after, the doctor leaves the
room and the scene ends with the nurse also leaving the room to fetch a gurney that
will transport the patient to the operating room.

Scene 2: Transfer and information exchange. This scene takes place between the
patient’s room and the sluice. The participants are the patient, husband, ward nurse,
surgical nurse (and possibly anesthetic nurse). The goal of the scene is to transfer
the patient to the sluice and provide all of the necessary information to the surgical
staff. The nurse fetches the gurney and the patient is placed on it before being
transported from the patient room in the ward to the sluice. The husband of the
patient follows. In the sluice, the surgical nurse (and possibly the anesthetic nurse)
is waiting for them. In the sluice, the nurses exchange information relevant to the
upcoming surgery. The husband is not allowed to follow the patient further. The
scene ends with the surgical and anesthetic nurses rolling the gurney into the
operating room.

Scene 3: Preparing for surgery. The scene takes place in the operating room and
the participants include the patient, doctor/surgeon, surgical nurse, and anesthetic
nurse (Fig. 7.4). The patient is ‘placed’ on the operating table. The doctor and the
surgical or anesthetic nurse explain to the patient what they do during the prepa-
ration of the patient for surgery. The patient is ‘put under general anesthesia’ (e.g.,
being asked to count back from 10). The scene is concluded with the team
undergoing the ‘safe operation’ checklist.

7.4.6 Methods for Testing the Solutions

All the cases and scenarios were tested during the same day and all of the required
data was acquired during the test run. The role-play was performed in two phases
with a desktop (phase 1) and VR goggles (phase 2). The students were divided into
groups and played out both clinical scenarios.
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In Phase 1 (desktop version), the six students in one group were located in six
separate rooms with their own PC where SL was installed. They communicated
with each other in the group through their avatars and used the voice chat function
in SL. The remaining students stayed in the classroom and followed the play either
on their laptops through their own avatars or on a big screen connected to a
laptop. After the first group had finished their first role-play, the players and
observers switched places.

In Phase 2, the students in one group were placed in a lab where every student
received one PC set up with SL and VR goggles (Oculus Rift development kit
versions DK1 and DK2) (Fig. 7.5). In this setting, the students did not use SL’s
voice chat for communication due to the proximity to each other as well as the fact
that using the voice chat would have created feedback. Instead, they used their own
voice to communicate. A microphone was placed on the table to transmit the sound
to the classroom where the non-playing group was seated to observe the role-play.

In the beginning of the role-playing session, the students were assigned one of
the roles from each scenario and received role cards describing their characters as
well as a general case description that included the situation description, prelimi-
nary diagnosis, clinical data, and the different scenes in the scenarios (as presented
above). The students were told to follow the scenes, but at the same time to
improvise their role as best as they could by applying their knowledge and previous
experience.

After each role-play, each student group spent 5–10 min reflecting on their
experience within the group. After finishing the role-plays, all the students gathered
in the classroom and participated in a joint discussion/group interview session.

The data in this study was collected from several sources. The role-play in SL
was recorded as a screen capture (with sound). The role-play was observed both in
SL and in ‘real life’ by the authors. The group interviews were recorded with video

Fig. 7.4 The last scene in the gynecological case with the nurse and doctor making the
preparations for sedating the female patient
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camera and sound capture that was later transcribed verbatim. In addition, 16 of the
students filled out a questionnaire consisting of both multiple-choice questions
using a Likert scale, ‘check-box’ questions, and open questions.

7.5 Outcomes

A total of 18 students, including 14 third-year nursing students and 4 fourth-year
medical students, participated. The participants were divided into three groups, each
group containing one or two medical students. Of these, 16 responded to the
questionnaire. Among these, there were three male and ten female nursing students
and two male and one female medical student.

Ten students reported that they had little to some experience with virtual envi-
ronments and 3D games. Only three students did not have any prior experience.
When asked to give examples, the majority (10 of the respondents) mentioned
Sims. Other games such as World of Warcraft, Minecraft, Destiny, Runescape, and
Skyrim, as well as other Oculus demos, were mentioned. When asked to describe
their computer expertise, the students almost equally divided between “somewhat
good”, “good”, and “very good”.

None of the students had experienced working with students from other health
professions before.

Fig. 7.5 Students use VR goggles to participate in role-play. They sit at different angles
depending on where they are in the virtual environment
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7.5.1 Learning Outcomes

There were three questions in the questionnaire asking to what extend the students
have achieved the learning outcomes (see details in Sect. 7.4.3). The options given
to the students were “achieved”, “partly achieved”, or “not achieved”.

All the participants answered that they achieved the learning outcome we
thought were the most important during our work: understanding the importance of
a clear and structured communication that is comprehensible to all parties. Some of
the other learning outcomes, especially (b) and less so (c) and (d), were not fully
achieved (Fig. 7.6).

The majority of the students (14) reported that they achieved the learning out-
come of understanding the importance of involving all parts in the decision-making
process. As appears from the interviews, the roleplaying session allowed looking
back and reflecting on one’s own and other’s roles and contributions. As one of the
students puts it: “…Afterwards all feelings are like that: ‘Oh my God we did not
think of the blood pressure and this and that …I should have had a greater role’”.

Most of the students (13) answered that they achieved practical skills in con-
ducting role-playing in a virtual world, while only three students replied partly
achieved.

More than half of the participants (9) answered that they achieved the knowledge
of collaborative/team processes during the treatment and monitoring of patients at
the respective departments. Seven students answered “partly achieved”.

7.5.2 Experiences with the Second Life Technology

This topic contained five questions, including four five-point Likert scale questions
and one open question. Most of the students (14) agreed or strongly agreed that

Fig. 7.6 Achieving learning outcomes
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familiarizing with SL went quickly enough, while only two were neutral on the
subject. Similarly, the majority (9) disagreed that it was difficult to move the avatar,
and only four agreed or strongly agreed.

The next two questions received more equally distributed answers. It was easy or
very easy for ten participants to observe others in the virtual environment, but five
were neutral. Communicating with others was easy or very easy for nine, but
difficult for five other participants.

When asked to comment on their positive and negative experiences in an open
question, 11 participants provided input focusing on various topics as listed below
(the number of participants mentioning them is given in brackets). The positive
topics included:

• Rich learning experience (2)
• Good practice for communication/dialog (1)
• Fun experience (1)
• Easy to use technology (1)
• 3D environment resembles real hospital spaces (1)
• Experience causes reflection and learning (1)

The negative topics included the following:

• Difficulties with sound, including identifying who is speaking (4)
• Difficulties with navigation in 3D and view camera (2)
• Annoyance because of delays caused by technical problems (2)
• General difficulty with technology without support personnel (1)
• Difficulties in getting subject information in “game” settings (1)
• Difficult to quickly get into a role (1)

7.5.3 Experiences with Using VR Goggles

All the students participated in the role-play using VR goggles. Two Likert-scale
questions were asked to measure participants’ perception of presence and physical
discomfort when using these (Fig. 7.7). It was clear that using VR goggles lead to
increased immersion, but at the same time also physical discomfort was a result,
generally accompanied by nausea.

The open question asking to provide comments regarding the use of VR goggles
received 14 answers in total. The positive and negative topics are given here, with
the number of participants mentioning them given in brackets. Positive feedbacks
included:

• Experience is more realistic/easier to immerse in the scenario than on desktop
(6)

• Smooth experience overall or in short periods (2)
• Fun experience (1)

210 E. Prasolova-Førland et al.



During the interview, the students were asked to compare the VR experience
with ‘traditional’ face-to-face PBL (problem-based learning) sessions. One of the
students mentioned that during such sessions “you will need to create those images
in your head yourself…It requires more acting skills in a way”, while with the VR
glasses “you get immersed in (the situation)”. Another student noted: “when we had
the glasses on, we had really a lot patient contact”. The general feedback during the
interview was also that it is positive that we (the project team) are early with
adopting the VR technology.

Negative feedbacks from the questionnaire included the following:

• Nauseous and dizzy feelings generally, over time, when looking around and
when moving in VR (10)

• Technology is unstable and/or crashes (3)
• VR glasses are heavy (1)
• Experience is tiring for eyes (1)
• Difficulty controlling the avatar (1)
• Experience is confusing (1)

Apart from these issues, it was noted during the interviews that the novelty of the
technology acted as a disruptive factor: “I think we have been more ‘persons’ when
we used 2D … Because when we used 3D, there was too much focus on other
things”.

Fig. 7.7 Experience with Oculus Rift: presence versus discomfort
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7.5.4 Preferred Technical Setup

In order to better understand how different role-playing modes functioned, we asked
two questions suggesting alternatives and two open questions.

The participants gave the following answers when asked which visual interface
they prefer for training interprofessional collaboration (number of answers in
brackets):

• Oculus Rift/VR goggles (2)
• PC/Desktop VR (4)
• dependent upon the collaborative situation (10)

Regarding communication, the students were asked about which solution they
preferred (number of answers in brackets):

• to be in the same room with other participants (8)
• to sit separately (4)
• dependent upon the collaborative situation (4)

When asked about preferred training interprofessional interaction, the students
answered the following (number of answers in brackets):

• in a student group with teacher (7)
• in a student group without a teacher (1)
• dependent upon the collaborative situation (8)

The open questions showed that the students’ answers were mainly influenced
by technical aspects. Most commented on the discomfort associated with the VR
goggles, but that sitting in the same room (which they did when using the VR
goggles) was better due to it being easier to hear what the others said. On the other
hand, some students commented that sitting apart in separate rooms reduced the
amount of small talk. For example, one of the students mentioned during the
interviews: “When you sit at separate rooms you know that somebody listens. So
you will have to read and think”. Another student, preferring sitting in the same
room with VR googles on, said, “I got nauseous, but felt to be more present… there
was more ‘flow’”.

When asked about suggestions for technical improvements, especially regarding
interprofessional interaction, the students’ answers mainly concerned the lack of
technical possibilities. Among the things mentioned were (a) making it easier to
perform detailed maneuvers such as touching the patient or doing clinical exami-
nations or tests, (b) having a map showing the lay out, (c) automatically getting
information like lab results, and (d) more interactive equipment.
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7.5.5 Role-Play in the Virtual World

A set of seven Likert-scale questions was asked to collect feedback on the
role-playing experience. The first three questions were related to the appearance of
different key elements (Fig. 7.8). Most of the students agreed that the inpatient ward
gave a good representation of the real one. This was the part of the virtual hospital
where most effort had been put into in order to make it as identical as possible to
real life in terms of interior, colors, texture etc. The participants were more neutral
about the appearance of the operating room. The clothing of all avatars was mostly
found appropriate.

Two questions considered the realism of the scenarios. All 16 participants agreed
or strongly agreed that the geriatric scenario was realistic, while only five gave such
answers to the gynecologic scenario. The rest of the groups were neutral or unsure
about the gynecologic scenario. As one of the students stated during the interviews,
“Everything I learnt, came out. So for me it was very real”. At the same time, the
fact that the role-play took place in a virtual environment allowed some experi-
mentation during the patient communication as noted by one of the participants: “In
a real situation it would be hard to say (to a patient): “You have fallen before, it is
important to prevent falls”, but since it was not real, it was possible to say it anyway
… You can train on saying things…if you have a patient who is in denial”.

The last two questions evaluated how engaged the students felt in the role-play
and how fun they thought it was. All the participants agreed or strongly agreed that
they felt engaged, while all except one also answered that it was fun to play. One of
the factors contributing to the engagement might be the freedom and flexibility the
role-play provided, as mentioned during the interview: “I think it was good that we
had the time to talk. Because it differs how you are as a nurse and a doctor. Some
doctors communicate very little…some nurses chat. So I think it is good that we
had some flexibility here. Because it gives more space for how you want it to be”.

Fig. 7.8 Role-play in the virtual world: appearance

7 Practicing Interprofessional Team Communication … 213



An additional open question was asked to collect suggestions for other similar
simulators or scenarios. The suggestions included (a) to generally play more sce-
narios, (b) play scenarios that are normally not trained in physical reality, (c) play
scenarios with difficult patients, and especially (d) play emergency scenarios. Also,
during the interviews, some improvement suggestions were given for roleplaying
the existing scenarios. For example, it was noted that sometimes knowing one’s role
was somewhat difficult and it “requires a bit more exercise and warm-up to get into
the role”. The proposed solutions included “more information to each scene”,
watching a film about activities at the ward before roleplaying, and spending more
time on practicing.

7.5.6 Virtual Simulation and Learning

In a set of eleven Likert-scale questions the participants evaluated how much they
learnt playing the scenarios in the simulator.

The majority of the participants agreed or strongly agreed to the general state-
ments related to suitability of Virtual Hospital as a learning platform, with the
largest proportion stating that it was relevant to their own study (Fig. 7.9).

The participants showed a similar overall experience when answering more
specific subject matter questions. The majority agreed or strongly agreed that the
simulation gave them a better understanding of workflow and work distribution in
various clinical situations and gave a realistic picture of challenges in interprofes-
sional teams (Fig. 7.9). This is also supported by interview feedbacks where one of
the students remarked: “I think it is good to be able to see the whole picture…
having done it virtually first and going into practice at the geriatric ward no so long
afterwards.…These collaboration meetings…you understand what it is about and
you can actually see that this is how this is actually done”.

Fig. 7.9 Virtual simulation and learning: general questions
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The majority of the students answered that they obtained a better understanding
of the roles of the other professions involved (Fig. 7.10). In particular, as appears
from the interviews, some nursing students felt that the virtual learning environment
allowed them to define their roles in relation to the ones of the medical students in a
‘safer’ way: “People can hide a bit behind their roles and at the same time come
with their opinions, be a bit tougher in a way…when you meet medical students,
which might feel a bit stressing for us, as they are in a way are our superiors in a
hospital…here we meet them a more neutral arena. I think this is a very nice
learning base, one can express yourself but also joke a bit”. At the same time, most
of the participants believed that the virtual simulation could give the students better
communication skills among themselves, colleagues, and patients, as well as a
better understanding of group processes in interprofessional teams and clinical
situations (Fig. 7.10).

Most of the students agreed that virtual simulation should be used in their
education. In the interviews, students compared the immersive role-play approach
suggested by VirSam and Skills lab with physical mannequins they are already
using regularly. One of the students said: “I think this (VirSam) is much more
educational/informative than the cases we get at the Skills lab. Where you got a
patient that has this and that and you are supposed to roleplay. I think this quickly
becomes very unserious, but here I think we managed to keep it pretty well”. It was
also suggested that VirSam should “target things we cannot do in the Skills lab”.

Two final questionnaire questions asked if the simulator should be used in
practice. The answers indicate that the majority of the participants agreed and
strongly agreed that (a) the simulator can be used as preparation for practice to
become familiar with working tasks in advance and (b) it can prepare students for
real clinical situations. As one of the students put it during the interview: “It
(simulation) kind of ‘defuses’ the whole thing comparing to going into practice….
You could actually train on this situation…Then going into practice is not going to
be as scary as you thought”. It was also mentioned that such a preparation would

Fig. 7.10 Virtual simulation and learning: increased understanding
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not only be useful for somebody “who has not been so much at the hospital yet”,
but also “if one has been in this situation before” as roleplaying will allow going
through and reflecting on the experience again.

7.6 Discussion

The most prominent finding, given our aim of providing interprofessional com-
munication training in a virtual environment, was that all the involved students
agreed that they had learned about the value of clear communication.
Communication is one of the core team competencies in medical team training, as
highlighted in the TeamSTEPPS framework [37]. It is described as a competency in
how to effectively exchange information among team members [38]. As appears
from the interviews, the students have reflected on several aspects of communi-
cation during the roleplaying sessions, such as own role, communication with the
patient [30] and representatives from other health professions. Our work thus
supports the notion that VR can be used successfully to make students aware of the
need for clear communication but also practice it in a safe environment; however,
this study cannot say anything about whether or not the students actually improved
their communication skills as a result of the role-play in the VUH. At the same time,
most of the students believed that the simulations provided by VUH could improve
communication skills and understanding of various interprofessional collaborative
processes in clinical settings. Moreover, the majority of students agreed that
training provided by the VUH could be successfully integrated in their education
and supplement and support existing educational activities. A detailed analysis of
the support provided by different components of the VUH is presented below.

7.6.1 Analysis of the Smart Virtual University Hospital
Components

As a smart VUH is a part of a smart university and is based on the same major
components (such as software systems, technology, hardware, smart curriculum and
pedagogy [3]), we will look at how these components support learning in the
context of the virtual St. Olav’s hospital in the following:

Software systems and technology. The students appreciated the realism of the
VUH facilities. Even if there are clear limitations when developing a smart VUH
using commercial virtual worlds like SL, the students’ evaluation showed that this
did not hamper the possibility of making virtual representations that fulfill the
expectation of mirroring real life [7, 8]. Due to different standards in the appearance
in the virtual hospital (e.g., the inpatient ward which the student found most realistic
had been given most resources to be developed) it can be suggested that, although
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the overall impression is good, it is possible to improve it further. In particular, the
major direction for improvement would be more natural interaction with the
environment, such as performing examinations on the patient and operating the
equipment. Another central aspect is the quality of voice/sound communication in
SL as well as other virtual worlds. High quality sound is paramount for team and
communication training. This illustrates the need for exploring additional software
systems and platforms as well as more optimal ways of integration with hardware
components. Also, creating adaptive solutions for presenting students with better
and personalized instructions, educational content, scheduling and feedback would
alleviate some of the problems we have experienced during the role-play.

Hardware. The most limiting hardware aspect turned out to be the VR goggles
[13]. Despite the fact that the majority of the students felt that the use of VR
goggles made the experience more realistic and allowed them to be more immersed
in the role-play, almost all of them reported ‘cyber sickness’. This is a practical
problem that must be solved to be able to take full advantage of the higher level of
immersion. The ‘cyber sickness’ is likely to be remedied by using the new con-
sumer versions of the VR goggles, rather than the development kits we used, which
includes better tracking solutions. In addition, with the use of more powerful,
stationary computers, as opposed to laptops, we might alleviate this. Other types of
VR equipment, such as HTC Vive and Oculus Touch, should be tried out in order to
investigate to what extent they provide adequate support for capturing hand
movements essential for medical manipulations. Different hardware solutions for
quality of sound/voice, but also for general communication and collaborative work
support in VR, need to be explored. There should also be solutions for adjusting
hardware interfaces and different devices/combinations of devices based on per-
sonal preferences, working mode (from home/in a lab), and the educational content
(such as communication training vs. procedural training).

Smart curricula and pedagogy. The clinical scenarios presented to the students
were chosen based on the possibility to explore different patient trajectories. It
turned out that it was feasible to condense both longer (weeks) and shorter (hours)
patient trajectories. However, there is a clear potential for improvement in how the
whole clinical scenario is presented. The two clinical scenarios and the role cards
were presented somewhat differently due to discussions on what was likely to
function best. The students clearly preferred the geriatric case, and this will
therefore be used as the main model for presenting the clinical scenarios.

It was observed that some students did not remember the scenarios themselves
and needed help from the other players about what they should do. Even if this
mirrors situations that might happen in real life (i.e. that one has to instruct some
team members about what to do), part of this confusion was likely due to lack of
clarity in preparation and presentation. This is also probably connected to the fact
that almost half of the students preferred to perform the training sessions with a
teacher from whom they might receive instructions and feedbacks. If the students
had been even more systematically exposed to similar training situations, which is
what they will encounter in practice, it is likely that this type of problem would not
have arisen.
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To extend the learning portfolio of VUH, additional cases need to be developed
and integrated. These cases will cover different fields of medicine and clinical
situations, such as procedural and communication training or both. Therefore, there
is a need for a consistent model and template for developing clinical scenarios for
specific learning goals. Apart from being medically correct and relevant for the
students’ teaching plan, the cases should contain some elements of flexibility and
adaptability, making it possible for them to be adjusted to the needs of the concrete
student groups (such as group composition and number of students representing
different professions). Furthermore, there is a need for flexible and personalized
solutions in terms of delivering instructions, guidance, and feedbacks before, dur-
ing, and after the training sessions. For example, this includes student profiles,
recommendation systems, and ways of integrating instructions in different interface
modes, such as inside VR goggles. Providing tailored and relevant information
during all stages of the learning process in VUH requires full integration of smart
curricula, software, and hardware elements.

7.6.2 Further Development of the Smart Virtual University
Hospital

With respect to the further development of the Smart VUH, we think that the most
important lesson has been that it must contain solutions for adaptability and per-
sonalization. We build further on the model outlined in Table 7.1 and envision that
a future smart VUH should be thought of as a constellation of software and
hardware elements, physical spaces, and learners/teachers. It also needs to possess a
set of features and characteristics at different smartness levels [3], as outlined in
Table 7.2.

7.7 Conclusions and Future Work

Our work shows that a VUH has the possibility to give students more time on task
and prepare them for direct patient contact and clinical rotation.

A smart VUH opens several possibilities for health care and medical education.
For example, students reported that they found the virtual learning environment to
mirror real life and all agreed that they had learned about the necessity of clear and
to the point interprofessional communication. Using realistic cases with different
team dynamics made it possible to demonstrate the usefulness of a VUH in prac-
ticing team communication along different stages of the whole patient trajectory. In
addition, using different patient trajectories gave students experience in team
communication. Spending relatively few additional resources when it comes to the
set up of the virtual hospital facilitated this.
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Table 7.2 Important features of a smart virtual university hospital as an arena for smart education
and training

Feature Description Smartness level

Scenario building Methodologies for streamlining the process
of creating scenarios from medical cases for
different learning goals. Intelligent/adaptable
or random scenarios to allow for unexpected
changes so that playing the same scenario two
times will not be the same. Better possibilities
and functionalities for user-driven adaptation
of scenarios based on their own teams,
communication situations, workflow,
procedure, skills, etc. including single and
multiplayer modes

Adaptation,
inferring,
self-learning

Personalized learning
path

Recommendations of cases and roles to play
by using agent technologies, based on the
student’s study program, preferences and
earlier results. Providing individualized
information during roleplays and other
educational sessions

Adaptation,
inferring

Individual feedback Evaluation facilities in the virtual hospital
(e.g., online quizzes). An individual
profile/webpage/app with overview of
participation, performance, feedback given
and received, suggestions for additional
training. Personalized feedback during and
after simulations

Adaptation,
inferring

Personalized interface
and interaction

Facilitating using different interfaces,
especially VR interfaces, depending on user
needs: desktop or VR goggles (ranging from
Oculus Rift or HTC Vive to low-cost
alternatives on mobile phones). Increasing the
realism of interaction with the environment,
other characters and equipment, e.g. through
motion capturing devices and virtual
patients/agents. Facilities for communication
and collaborative work, workspace
awareness, also in VR

Adaptation, sensing

Virtual agents Automatic, autonomous and ‘intelligent’
avatars/virtual patients as well as
recommendations systems. Smart virtual
medical equipment, e.g. ultrasound images of
a virtual patient that are connected to motion
capturing devices (such as changing display
of images due to change in player’s
movement)

Adaptation,
self-learning

(continued)
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One of the assets of role-play in a VUH is the possibility for repetitions and the
flexibility allowing the learning environment to be used at any time, making it
independent of scheduled teaching. The role-playing facilities in the VUH also
provide the students with a safe and accessible environment for practicing some of
their tasks. In addition, role-play with VR allows a greater degree of immersion into
the situation, something that is especially beneficial in a problem-based learning

Table 7.2 (continued)

Feature Description Smartness level

Modeling of virtual and
physical environment

Developing virtual hospital environment
based on BIM (Building Information
Modeling) models of the real hospital when
similarity to a physical environment is
important, e.g. pre-practice training.
Real-time interaction between BIM-database
and the virtual environment, i.e. using
view-point and direction to extract what you
need and not the whole BIM hospital model

Sensing,
self-organization

Mobile, ubiquitous and
augmented

Linking materials and activities that are
accessible through online and virtual system
into the physical world, using location
services, mobile and wearable devices,
augmented reality, and internet of things

Sensing, inferring

General hardware
support

Easy plug-and-play support for new hardware
devices. Dedicated areas (VUH labs) where
hardware is installed and serviced to allow
use of more sophisticated hardware
equipment

Adaptation

Integration: portal,
scheduling and run-time
system

Integration of software, hardware and
curriculum into a holistic and coherent set of
facilities. Web and app-based portal
containing all students need to know in order
to participate in training, with individual
student profiles, fully student/participant
driven including scheduling of sessions.
Adaptable and scalable run-time system,
adjusting to different number of concurrent
users, i.e. by allowing several role-plays in
the constellation of facilities including virtual
environments and physical spaces/labs.
Facilitating self-organization of student
groups and personalized flexible scheduling
of learning sessions

Adaptation,
anticipation

Science system Automatically extracting information
regarding what is working and what is not
based on the scenarios played and the
feedback given afterwards. Covers both
technical features such as type of equipment
used and subject-oriented issues such as type
of scenarios and type of participants

Self-learning,
self-organization,
anticipation
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situation. Based on our experiences and literature review, we can outline three
major directions for future work: developing smart educational content, technol-
ogy, and an overall VUH framework.

VUH smart educational content. The major challenge of using smart univer-
sity hospitals for education is in making realistic cases that mirror what the student
will encounter in practice. The cases also need to focus on various aspects of
medical team training. This is something that is not straightforward given the
existing ambiguity in the literature on medical team training [31, 32]. Therefore,
there is a need for guidelines and methods for scenario development, including
templates for new cases to be efficiently developed by health care professionals,
templates for role descriptions, etc. There is also a need for solutions for person-
alization and adaptation of cases as well as other educational materials for different
students and learning contexts.

VUH smart technology. The immediate technological challenges for facilitating
communication and collaboration team training in a VUH include physical dis-
comfort caused by VR goggles and the need for better interactivity. The latter
particularly applies to capturing hand movement and supporting manipulations on
patients and equipment in the virtual learning environment. Apart from supporting
training on procedures, such manipulations will create awareness of the learners’
activities in a joint workspace. Supporting such awareness and collaborative
activities, in general, in a fully immersive virtual environment constitutes yet
another challenge. Such solutions are already emerging and, as the VR technology
develops further, we believe that these challenges will be fully addressed in the near
future by introducing new hardware devices and software platforms. In addition to
the VR technologies, other technologies should be taken into account, such as
mobile and ubiquitous technologies and augmented reality. This will also open up
another dimension of smartness [4]. Additional software elements should include
cross-platform solutions linking web, social media, mobile devices, and new soft-
ware VR platforms, as outlined in Table 7.2.

VUH framework. A fully functioning smart VUH needs to support a wide
range of educational activities, as outlined in Table 7.1. This requires integration of
smart educational content, curricula, and organizational aspects with smart hard-
ware and software solutions into a holistic and coherent system. An important
direction for future work will, therefore, be developing the framework, principles,
and methods further for such integration. This is in line with a similar framework
for smart universities.

We are currently working on further development of Virtual St. Olav’s hospital.
We have received an additional grant from the Norwegian Research Council as a
part of the FINNUT program (Research and Innovation in Educational Sector).
Apart from creating more realistic hospital models, we are exploring new VR
interfaces with better support for manual operations (with HTC Vive) and devel-
oping a portal (http://virsam.no). Future evaluations will include larger groups of
students to evaluate suitability of the VUH for large-scale student training. We plan
to extend the portfolio of cases to include additional clinics at St. Olav’s hospital,
such as oncology, palliative, and especially emergency/intensive care. We will

7 Practicing Interprofessional Team Communication … 221

http://virsam.no


continue developing the Smart VUH of St. Olav from the conceptual framework
aspect as well as the technological realization. We plan additional features such as
more interactivity with medical equipment and patients (including virtual patients),
additional locations (based on the existing plans and models for the physical hos-
pital), and facilities within the virtual hospital to accommodate new cases,
anatomical visualizations, and various VR interfaces (including mobile ones).
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Chapter 8
EdLeTS: Towards Smartness in Math
Education

Ilya S. Turuntaev

Abstract The emerging field of smart education offers major improvements in
education and has the potential to change the very face of a traditional classroom.
The application of smart technologies in education has been the primary objective
of many research projects over recent years. It is commonly accepted that smart
educational technologies are able to boost effectiveness and efficiency of learning.
In this paper, the problem of introducing smart technologies in mathematical
education is considered. Due to the specificity of the area of math education, some
particular requirements should be met by mathematical educational systems. This
paper provides a discussion of the problems arising in mathematical educational
systems development and presents the project of an educational system for math-
ematical practical classes support aimed to resolve these problems.

Keywords Smart educational technologies � Mathematical education � Computer
algebra systems � Learning spaces � Educational systems

8.1 Introduction

The idea of using information and communication technologies (ICT) in education
has a long history. There were a great number of attempts to develop technologically
enhanced educational systems. Some of these attempts were quite successful while
some were not. Many researchers indicate that nowadays we are systematically
moving towards the era of smart technologies. The notion of “smartness” itself is a
debatable one. There are continuous arguments regarding what technologies and
development projects can be considered smart. Nonetheless, many researchers agree
when it comes to what key features should be implemented in smart technologies.

The notion of smart technologies was only recently applied to the field of
education. Such concepts as Smart Education, Smart Classroom, and Smart
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University started to replace older approaches to electronic education. The new era
of educational technologies came with the general idea that a learning environment
should not just be filled with various types of ICT. Rather, it should be supported
and enhanced with specific smart technologies in order to make education more
effective and more efficient. Multiple research projects are dedicated to smart
educational technologies as well as other relevant topics. In Sect. 2 of this paper, an
overview of some significant publications covering these topics is given.

In this paper, the problem of developing smart educational technologies in the field
of exact science, particularly in mathematics, is considered. Due to its specificity, this
area presents some unique requirements to educational systems from both technical
and conceptual perspectives. This challenge, as well as the growing demand for smart
educational technologies, inspired the development project of the interactive edu-
cational system EdLeTS presented in this paper. EdLeTS is a web-based educational
system focused on supporting practical mathematical classes. The whole project is
developed under two general convictions. First, we state that training tasks play an
essential role in mathematical education. Through training on specially developed
tasks, a student learns to recognize common patterns in various real-word problems.
He also learns how to apply his knowledge in order to obtain the final result. It should
be noted that the tasks studied during various mathematical courses arise in the future
of most students in different technical specialties in one way or another. This is why
solving mathematical tasks is a natural activity for the students of technical spe-
cialties. Second, we state that technologies cannot and should not try to completely
replace teachers or educational techniques that have proved to work well throughout
the long history of mathematical education. Rather, they should support the educa-
tional process in order to make it more effective and efficient.

A new approach to training task organization is presented in this paper. Namely,
the technique of templating training tasks is described. We discuss what benefits are
offered by this approach and how it meets some key requirements of Smart
Educational Technologies. Further, the use of computer algebra systems (CAS) in
mathematical education is considered. Despite a number of advantages that a CAS
can offer to the educational process, there are significant drawbacks that prevent
many teachers from using such systems in their classrooms. These problems are
addressed by the EdLeTS project. Thus, this paper provides an overview of the
methods used in EdLeTS, providing a way to avoid the issues of using CAS as an
educational technology.

One of the essential features of the presented development project is the ability
to automatically check answers. In EdLeTS, due to the two general convictions
mentioned above, the traditional form of a task answer is preserved, e.g., all
answers are given in a form of mathematical expression or in mathematical nota-
tion. Under such conditions, the problem of automatic answer checking becomes
formally unsolvable. In Sect. 8.4.4, this problem is discussed and a way to avoid its
consequences is presented.

In Sect. 8.4.5, the mathematical theory of Learning Spaces is considered.
A relationship between the key concepts of EdLeTS and the theory of Learning
Spaces is established and the problem of task structuring is considered. The notion
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of the precedence relation on training tasks is introduced. This notion is further used
to describe the idea of developing interactive learning suggestions and learning path
construction. We also refer to interactive learning suggestions as “fill-the-gap
suggestions” throughout this paper.

8.2 Literature Review

Many researchers [1–3] indicate there is an extremely fast growth of information
flow over the last several decades. The level of development of information and
communication technologies (ICT), as well as, particularly, the Internet, offers new
facilities for knowledge gaining, creation, sharing, and spreading. Tikhomirov
states that, under such circumstances, it is essential for universities to provide
students with access to the newest knowledge and technologies as well as to adjust
educational techniques in order to meet current demands for education [2]. When
applied to education, smart technologies are aimed to respond to this challenge.

According to [4, 5], the term ‘smart’, referring to various types of technologies,
did not appear until recently. Coccoli et al. [4] state that “we have entered the smart-
something era”. This is now replacing the era of “2.0” technologies, which, in turn,
have partially replaced the “e-”-technologies. Each of these replacements is asso-
ciated with significant improvements in the appropriate technologies and/or
appearance of new requirements for further development. The prefix ‘smart’ brings
into account the ideas of ease of use, flexibility, mobility, and reliability [4].

The application of smart technologies to education has led to the emergence of
concepts such as Smart Education, Smart University (SmU), Smart Classroom,
Smart Learning Environment (SLE), etc. This area has attracted much attention
from researchers in recent years [3, 5–7]; however, although not surprisingly, there
is no strict definition for these terms. R. Koper [7] sees a SLE as a learning
environment that is “context-aware and adaptive to the individual learner’s
behavior”. He also indicates that the aim of SLE development is to make learning
better and faster, but simply concentrating on technical aspects does not lead to the
actual goal. Similarly, Hwang [6] defines a SLE as “the technology-supported
learning environments that make adaptations and provide appropriate support… in
the right places and at the right time based on individual learners’ needs…”. To
answer the question ‘What makes a learning environment smart?’, J. Spector comes
to a conclusion that SLE should support planning and innovative alternatives, and it
“might include features to promote engagement, effectiveness and efficiency” [8].
In addition, Zhu et al. [3], with reference to [9], indicate features of a SLU such as
personalization and the ability of students to self-learn. Most of these researchers
outline the necessity of ubiquitous learning and the ability of smart learning systems
to provide support and guidance at the right place and at the right time.

From this overview, we can conclude that a SLE is based on a learner-centric
paradigm. It is generally accepted that SLE should be able to collect and analyze the
learners’ personal information such as current learning status, learning progress,
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classes taken, etc., the environmental information, etc., and to adapt its behavior,
content, and interface according to the performed analysis in order to provide the
best guidance and support for each learner personally and to help teachers by
presenting a clear image of their pupils.

8.2.1 Smart Learning

Probably, the most general and complex concept regarding an application of the
smart ICT to educational area is the notion of Smart Learning. There are continuous
discussions regarding the concept of Smart Learning, but there is still no clear
definition. Many researchers [3, 9] agree that Smart Learning can be regarded as a
technologically enhanced learning where the focus should be moved from tech-
nologies to learners. Kim et al. [9] regard Smart Learning as a paradigm which
combines u-Learning (i.e., ubiquitous learning) and Social Learning. Social
Learning is characterized by the use of social network services and smart devices
for educational purpose. It is stated in [9] as well that Smart Learning is focused on
humans and content rather than on technologies and devices. G.-J. Hwang describes
Smart Learning as a qualitatively new concept that combines features of
context-aware ubiquitous learning and adaptive learning. It also offers some new
features that cannot be found in either of the latter two concepts [6]. In particular,
these new features include learning tasks adaptation and complex analysis of
multiple personal and environmental factors. In various publications, an equivalent
concept is considered, but namely the Smart Education. Coccoli et al. define Smart
Education as an “education in a smart environment supported by smart technolo-
gies, making use of smart tools and smart devices” [4].

The idea of Smart Learning goes much further than the pure application of ICT
to educational process even though this is typical for the “e”-era. It is characterized
by close attention to learners’ personal parameters. Zhu et al. state that technology
itself, though essential for Smart Learning, should not be placed in the center of this
paradigm [3]. An important remark on the role of ICT in education can be found in
[10]: “technologies should not support learning by attempting to instruct the
learners, but rather should be used as knowledge construction and representation
tools that students learn with, not from”.

There are a number of publications that consider the application of ICT
specifically in mathematics education. There are multiple reasons that this area
receives such particular attention. First of all, unlike many other disciplines,
mathematics is a quite abstract one. Many students suffer from the lack of visual
representation of mathematical objects and, consequently, it is difficult for them to
build the concepts being studied in their inner knowledge structure [11]. From this
perspective, ICT offers a wide range of visualization tools where visual represen-
tations can be made dynamic as well as interactive. A. Rubin [11] considered this to
be one of several most powerful features that can enhance mathematical education.
Second of all, there is a historical factor. For a long time, computers were mostly
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used by mathematicians and mathematically-equipped researchers. On one hand,
this led to the situation where we are “looking at math education from the per-
spective of the computer” [11]. In the same paper, A. Rubin insists that we should
rather “look at computers from the perspective of mathematics education”. On the
other hand, though, there is a great number of mathematical applications nowadays
that provide various features that may help to improve math education.

8.2.2 Computer Algebra Systems in Math Education

Probably the most promising and popular applications that can be successfully used
in mathematical education are Computer Algebra Systems (CAS). A CAS is
characterized by its main feature. This is the ability to manipulate mathematical
expressions given in symbolic form (i.e., to provide symbolic calculations) [12].
Computer algebra systems are widely used among researchers of various special-
izations; also, they are often used for educational purposes [13, 14]. Drijvers [14]
indicates the following benefits of using CAS in math education:

• Horizontal mathematization. This refers to the translation of real-world situa-
tions into mathematical problems and vice versa. CAS allows the release of
students from pure algorithmic operation so they could concentrate on pre-
senting the problems in mathematical notation and interpreting results.

• Exploration and vertical mathematization (manipulations with highly abstract
mathematical objects). Learners may reinvent properties or theorems by ana-
lyzing results of special discovery and classification tasks.

• Flexible integration of different representations. Most CAS allow users to easily
switch between different representations of an object (e.g., formulae, graph,
table, etc.)

In the same paper, Drijvers describes some possible issues of using CAS in a
classroom. They are:

• Top-down tool. CAS may appear to be too powerful for educational purposes.
Unless appropriate measures are taken, it could potentially damage students’
motivation for learning.

• Black box. CAS acts like a black box because it hides methods and algorithms
used to obtain final results. Not only does it give no explanation of the solution,
but also the results may have unexpected representation since the inside algo-
rithms are always much more complex and general than the methods students
generally use.

• Idiosyncrasy. Each CAS uses its own special language. This is always quite
complex and requires additional study. Such a language usually differs from the
natural language and mathematical notation; a set of rules and constraints has to
be kept.
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Lavicza reveals some issues, though [13, 15]. He explores the problems of
integration of CAS into mathematics curricula. Among other things, he indicates
that many math teachers are not going to use CAS in their teaching practice. This is
mainly because it requires general course restructuring and many instructors do not
think it is worth it. Lavicza also points out that there is a problem of extra
CAS-education requirement and the problem of assessment. It is difficult to assess
what students really know if they use automated algorithms [15]. Additionally,
Rubin [11] reveals risks of inappropriate use: students need to learn to carry out
some relatively simple operations by hand before using CAS or any other mathe-
matical application for support.

8.2.3 Learning Spaces

As it was proposed earlier, many researchers indicate the importance of develop-
ment of learners’ automated support based on their current learning status in smart
educational systems. There are different approaches when it comes to defining the
concept of learning status, recognizing it, and operating it. One interesting approach
to this problem is the theory of learning spaces that was originally introduced by
Doignon and Falmagne [16, 17].

The Learning Spaces theory suggests a mathematical model for learning pro-
cesses. Consider a field of knowledge. A set of questions in this field, each having a
correct response, is called a ‘domain’. The theory operates mathematical structures
over such domains. A ‘knowledge state’ of a student is defined as a subset of
questions within the given domain that he masters. In other words, we consider a
student to be in a certain knowledge state if he is capable of answering each item in
this state correctly. The concept of knowledge state is the key concept of the
learning spaces theory. It provides a formal representation for the statuses of the
learners in the suggested knowledge field. A set of all possible knowledge states of
some domain forms a ‘knowledge structure’ over this domain. Formally, a
knowledge structure is a pair ðQ;KÞ in which Q is a domain and K is a family of
subsets of Q (i.e., a set of knowledge states) such that it contains at least Q and ;.
A knowledge structure that is closed under a union is called ‘knowledge space’.

A knowledge structure is a strongly defined mathematical object that represents a
knowledge field and learners’ states in this field; however, it appears to be a little bit
poor for actual use. Consider a student, say John, is in some certain state K 6¼ Q of
a knowledge structure ðQ;KÞ. This means that John can successfully answer each
question in K but there are still some questions in Q that he does not master. One
day, John picks an item q from Q (an item he hadn’t adopted yet) and studies the
appropriate material. Finally, he takes some examination to verify that he has
actually mastered q. Which knowledge state should be assigned to John? There is
absolutely no guarantee that K contains the state K [fqg, i.e. a state which is
obtained by adding a new question (which John has just learned) to the original
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state K, which makes perfect sense in this case. The authors of the Learning Spaces
theory introduce two special conditions that improve the concept of knowledge
structure.

• Learning Smoothness. For any two states K;L 2 K, such that K � L, there is a
finite chain of states K ¼ K0 � K1 � . . . � Kp ¼ L, such that1 Kiþ 1nKij j ¼ 1
for 0� i\p. In other words, this condition means that if one state (K) is
included into another (L) then the more complex one (L) can be obtained from
the simplest one by learning one item at a time.

• Learning Consistency. For any two states, K; L 2 K, such that K � L, and, for
any item q 2 Q if K [ qf g 2 K, then L [ qf g 2 K. Doignon and Falmagne
describe this condition as follows: “Learning more does not prevent learning
something new” [16].

A knowledge structure satisfying these two conditions is called a ‘learning
space’. The notion of learning spaces makes more sense from a pedagogical point
of view than from a plain knowledge structure. There are several equivalent defi-
nitions for this mathematical object. Its properties are well researched and numerous
algorithms for building such a structure and uncovering learners’ knowledge states
are known. These topics are not considered in this paper, but for a more precise
overview of the Learning Spaces theory see [16, 17].

8.3 Project Goal and Objectives

In this paper, a development project of the interactive educational system for
mathematical classes support, EdLeTS, is presented. The main goal of this ongoing
development is to build a smart educational system that meets the requirements of
Smart Educational Technologies. EdLeTS is focused on mathematical training tasks
generation, delivery and support, and practical mathematical classes, in general,
aiming to address various smartness levels of a smart university, namely: adapta-
tion, self-learning, and inferring. EdLeTS is aimed to address these features in order
to become a smart educational tool that can be easily integrated into mathematical
educational process in universities as a part of smart environment development. The
following general features are addressed in this project:

1. Personalization. Among the features of smart educational technologies, one of
the most significant is personalization; it also tends to be one of the most
challenging. Personalization features require a system to adapt to various types
of students in order to meet their individual requirements. This means it rep-
resents some key aspects of the adaptation level in smart universities. From the
mathematical practical classes perspective, there are several directions of

1 Kj j denotes the cardinality of set K.
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personalization. First of all, there is a problem of personalizing training tasks. It
is generally accepted that, for each student, the quality of learning depends on a
number of personalized parameters, including both static and dynamic. For
example, when working on some technique, each student needs an individual
amount of tasks. If extrapolated to the scale of a complex topic, this leads to the
personalized training plans requirement. Another important personalization
problem is the problem of personalized support. In many cases, it is essential
that students receive individual help that takes into consideration their personal
errors and provides an explanatory review of the exact tasks in which problems
occurred. Training tasks personalization and personalized support are among the
key objectives of the proposed project. This requirement follows the general
idea of learner-centrism which forms the kernel of the concept of Smart
Education.

2. Adaptiveness. EdLeTS is intended to help the user find the kernel of his mis-
takes if there are any. For that purpose, it provides the user with a list of training
tasks he might need to work on. This list is based on the analysis of the user’s
mistakes and the overall structure of training tasks (i.e., learning status). It is
updated constantly.

3. Flexibility and ease of use. It is important that the proposed educational system
meets the following flexibility requirements:

a. The training task development tool should provide a wide range of instru-
ments in order to meet requirements that teachers could possibly produce.

b. The training tasks structuring features must be provided.
c. The system should be malleable enough to the point that it can easily be

integrated into any mathematical curriculum with possible cooperation with
external educational systems.

d. Customizable assessment tools must be present.

4. Mobility, self-learning, and ubiquitous learning. A primary intention of the
performed development project is to provide students with the ability to train
anywhere and anytime, using only a laptop, tablet, or smartphone. A possible
extension of this idea may include context-awareness and runtime-generated
training tasks based on environmental objects. Also, a special self-training mode
must be introduced. On one hand, such a mode allows students to explore new
techniques while, on the other hand, it allows them to train freely and not be
focused on the formal assessment system. The latter can be a serious psycho-
logical obstacle.

5. CAS. From the perspective of mathematical education, computer algebra sys-
tems offer a wide range of algorithms of symbolic and numeric calculations
required by educational systems; however, as it was stated in the CAS section of
the literature review, there are a number of obstacles that prevent one from using
CAS directly. One of the fundamental objectives of the suggested project is to
develop an approach that, on one hand, allows the user to utilize the desired
capabilities of CAS. On the other hand, it provides reasonable limitations and
supplementations that eliminate the weak spots of CAS integration. EdLeTS
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aims to be as powerful as CAS within its application to the education area.
Therefore, CAS is used here as a computation module. There is no crucial
difference between any two computer algebra systems when it comes to meeting
some definite requirements. Integration of CAS into EdLeTS is associated with
the development of a layer between CAS interface and the EdLeTS, which
provides access to CAS features in training task declarations. Particularly, this
layer should provide the following features:

a. restriction rules that allow the user to determine a list of forbidden func-
tionality per task;

b. special language for accessing computation facilities;
c. supplemental algorithms that reveal the inside of methods and algorithms

used to obtain result

6. Inferring and the Theory of Learning Spaces. The theory of learning spaces
provides a mathematical formalization for the concepts used in educational
processes. This, in turn, helps create strict inferences and introduce algorithms
of proven complexity regarding knowledge fields. Specifically, this allows the
building of automatic algorithms for students’ learning state recognition, pro-
viding suggestions and support, etc. based on their responses. A part of this
research is dedicated to establishing a relationship between the theory of
learning spaces and the concepts used in EdLeTS.

8.4 Methods and Technologies Used in the Development
Project

EdLeTS is a web-based educational system for practical classes support in the field
of exact science. The idea of such a system was originally introduced by Dr. V. G.
Danilov. Within his pedagogical practice, he observed that the process of training
tasks generation and assessment could be highly automatized. This idea formed the
basis of the concept of interactive educational system, which provides tools for
training tasks generation and automatic answer checking. The development of such
a system has continued ever since. In this paper, our improved vision of this system
implemented in the EdLeTS project is presented.

The key object of mathematics practical classes is a training task. By training on
concrete examples, students learn, in the first place, to reveal theoretical concepts in
problems and apply their knowledge to real problems. It is essential that students
walk all the way through the problem solution up to the very end. This is where
they retrieve the final result. The underlying statement of the whole project is that
traditional mathematical training tasks have proven well in mathematics education
and they must be preserved. Thus, the form of multivariate tests in this area is
considered inappropriate in this paper.
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8.4.1 Training Task Templates

Traditionally, a training task2 has a problem formulation, which may or may not
include mathematical objects, as well as an answer that, in this paper, is considered
to be a mathematical expression.3 Any training task serves the need of training
some technique, or multiple techniques, providing an artificial problem to which
these techniques may be applied. It may be observed that a set of training tasks
dedicated to the same topic often preserves similar structure. Consider a chain rule
of differential calculus usually taught in the early stages of the Mathematical
Analysis course. This rule describes the technique of calculating the derivative of a
composition of functions. The simplest training tasks for this technique may all
have the following structure:

Calculate the derivative of f g xð Þð Þ;

where f and g are some concrete functions (e.g., sinðxÞ, expðxÞ, tanðxÞ, etc.). In
order to increase the complexity degree of such tasks, one may increase the number
of compositions and/or provide more convoluted functions. This is an example of a
basic template that describes a general structure for training tasks on the chain rule
of differential calculus. Using this example, one may write out a great number of
concrete training tasks. Many of these can be found in various schoolbooks on
Mathematical Analysis. This case illustrates the idea of training task templates.

The concept of a training task template objectifies the proposed idea of the
structural similarity of multiple training tasks dedicated to the same topic. The
following three main components form the base of a training task template:

• Problem formulation describes the problem and the goal of the task
• Solution steps are a step-by-step explanation of the procedure of obtaining the

result
• Answer is a mathematical expression that represents the goal of the problem

Problem formulation, solution steps, and answer are defined within the accuracy
of a finite number of dynamic attributes. These dynamic attributes can possess
concrete values. Specifying concrete values for all of the dynamic attributes of a
training task template defines a concrete training task. Consider the example given
above. Variables f and g can be regarded as the dynamic attributes of this task.
Now, if someone defines, e.g., f, to be a sine function and g to be a cosine function,
then the appropriate concrete task problem formulation will look as follows:
“Calculate the derivative of sinðcosðxÞÞ”. It is easy to see that, given a set of base
elementary functions, one can provide a large number of similar concrete training
tasks using this template. Take a look at Fig. 8.1.

2Here and further we consider training tasks on topics involving mathematics or simply mathe-
matical training tasks.
3There exist various types of answers; in fact, all other cases can be reduced to the suggested one.
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The leftmost rectangle defines a task template for the suggested problem (the
problem formulation, solution explanation, and answer areas are denoted by “P”, “S”,
and “A”, respectively). Each row, or a directed edge of this graph, represents an
independent choice of the values of the dynamic attributes of the task (f and g in this
case). It is clear that, given the values of the dynamic attributes, the process of obtaining
a concrete task based on some task template is a pure mechanical job. We may also
observe that there is no conceptual difference between different implementations of a
task template since they all preserve the same topic and the same complexity level. It is
important to note that the definition of a complexity level strongly depends on the topic
to which these tasks are dedicated to. So, for each dynamic attribute of a task template,
there is a set of possible values it can possess. Thus, in order to define a set of training
tasks, it is sufficient to define the appropriate problem formulation, solution steps, and
answer together with the declaration of the sets of possible values of all dynamic
attributes. Since all the concrete tasks in such a set a considered equivalent in a sense
that they all implement the same general structure, the process of obtaining a concrete
task, given a task template, can be reduced to a pure randomization. The concept of
training task templates defines an approach to training tasks development and support.
This approach is implemented in EdLeTS.

8.4.2 EdLeTS: System Overview

EdLeTS is a web-based educational system for organizing practical classes on
various mathematical disciplines. The main intention of this project is not to replace
teachers or change the traditional idea of learning by training on specifically
designed problems, but rather, it is intended to improve the educational process by

Fig. 8.1 Training task template example
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eliminating its weak points and providing some additional useful features. The
whole project is being developed with the confidence that a human teacher cannot
be completely replaced by a machine and that the approach of learning by training
has proven sufficiently well throughout the history of mathematics education.
EdLeTS is aimed to provide support for practical classes organization by taking
care of dozens of routine and time-consuming operations. Examples include
training tasks composition, homework and examination compiling and checking,
personalized task review, students’ progress statistic gathering, etc.

Classrooms. EdLeTS is built around the concept of training tasks and the
principle of training task templating. It provides tools for training tasks develop-
ment by means of templates and concrete tasks generation. Consider some practical
classes. A traditional classroom usually includes a teacher and a number of stu-
dents. A significant part of teacher-student interaction in a classroom is concerned
with training tasks. EdLeTS allows teachers to organize classrooms and incorporate
students in a way that would combine people in groups in a social network. Each
classroom can be dedicated to one complete course, some specific topic, or virtually
any abstract theme. It is up to a teacher to define the level of generality of the
classroom. One can run as many classrooms as needed. Building on the same social
networks analogy, groups in social networks are focused on sharing media and
textual information, but an EdLeTS classroom is focused on training tasks and
learning material distribution. The role played by a user in a classroom, whether a
teacher or a student, determines the type of interaction with these objects.

Consider a teacher. A classroom teacher in EdLeTS is a user who is capable of
the following activities:

• building the task domain of a classroom, i.e. a set of task templates that rep-
resent the concepts considered in this classroom;

• providing task assignments, either directly or via homework, quizzes, etc.; and
• getting information on students’ classroom progress.

These activities are common for classroom organization in a general sense. At the
same time, a teacher traditionally has to perform numerous additional tasks, including
creating individual task lists, checking students’works, assessment, and carrying out
quizzes. Moreover, it is almost impossible to obtain a satisfactory personalized
statistic on each student’s progress, or even to provide each student with appropriate
attention, in larger classrooms. Contrarily, EdLeTS takes care of these additional jobs,
allowing the teacher to focus on analyzing the outcomes and adjusting the curricula.

Human system interaction. As it was described earlier, the idea of training task
templates allows teachers to describe a set of concrete training tasks for the given
concept by means of a single template definition. In order to define a task domain
for a classroom, one needs to define a single training task4 for every concept

4Here and further, if it does not lead to a confusion, we will use the phrase ‘training task’ or simply
‘task’ to denote training task template. The term ‘concrete task’ will be used to denote a concrete
implementation of a task template.
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considered in this classroom. EdLeTS is capable of automatically generating con-
crete tasks for the given template. The process of training task declaration is shown
in Fig. 8.2.

EdLeTS is equipped with a special task designer, or an interactive development
environment for training tasks. The task designer provides a user-friendly interface
that helps teachers easily develop complex training tasks. Once created, a training
task is stored in the task database and can be associated with a classroom.
Classroom tasks domain consists of the associated training tasks. These training
tasks are available to the classroom students.

From the students’ perspective, the interaction with EdLeTS classroom is mostly
reduced to tasks solving, whether it is homework, quizzes, or self-training activi-
ties). Unlike teachers who mostly deal with task templates, though, the students
operate with concrete tasks only. Each time a student requests a task, multiple
actions take place, as seen in Fig. 8.3.

The appropriate task template is retrieved from the database and sent to the Task
Generator. The latter is capable of compiling a task into a random concrete task.
The process of task compilation involves special language blocks recognition and

Fig. 8.2 Training task creation process illustration

Fig. 8.3 Training task request process
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interpreting, symbolic calculations, and randomization tools. It is described in detail
later in this paper. Once a concrete task is obtained, its solution and answer are
cached so that they can be later retrieved. If they were not, it would be difficult or
even impossible to obtain appropriate concrete task solutions and answers in the
future due to the fact that every new generation leads to a different concrete task.
Finally, the problem formulation is sent back to the student. The appropriate user
interface provides the student with a form field for his answer and a math palette to
simplify the input.

Having done all appropriate calculations, a student submits his answer back to
the system, as seen in Fig. 8.4.

EdLeTS provides the feature of automatic answer checking by comparing the
user’s answers to the answer calculated during task compilation. This process is
described in Sect. 8.4.4. In order to do this, the appropriate concrete task answer
and solution are restored from cache. Recall from above that they are cached right
after task compilation. The result of answer checking is then returned to the student.
In the case that it is negative, the student receives the appropriate solution expla-
nation. A user’s attempt to solve a task is considered successful if and only if he
submits a correct answer (i.e., the answer checking procedure returns positive
result). In all other cases, including wrong answer, cashed task expiry, and page
leaving, an attempt is considered failed.

Dynamic attributes randomization. An essential part of task development is
the declaration of the sets of possible values of task’s dynamic attributes. Recall
from the previous sections that a concrete implementation of a task template is
obtained via randomization of such sets. Keeping this in mind, we can conclude that
the most convenient way to declare a set of possible values of a dynamic attribute is
to define it through an appropriate randomization procedure. Consider the example
from Sect. 8.4.1. Assume f and g are the dynamic attributes of this task. What sets

Fig. 8.4 Process of student’s answer submission and answer checking
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do they belong to? For example, one may define them to be basic elementary
functions.5 In order to define such a construction, a user would need special ran-
domization tools. Otherwise, he would need to introduce an algorithm of random
generation of such functions by himself or reduce the suggested class to some finite
dimension and perform random choice on this new finite set defined by hand. Both
of these alternatives are unacceptable. This example illustrates the necessity of a
wide range of randomization tools vital to meet the possible requirements of task
authors. An analysis of training tasks of various directions in Mathematical
Analysis was performed in order to obtain a list of randomization tools that the
EdLeTS users might require. The obtained list includes, but is not limited to, the
following features:

• Integer range randomization
• Float range randomization
• Random choice
• Random trigonometric functions
• Random transcendental functions
• Random algebraic functions
• Random basic elementary functions
• Random elementary functions of the given complexity
• Random polynomials of the given degree

The presented list is not complete and the whole set of randomization tools is
being updated constantly.

The proposed technique of training task templating forms the kernel of the
EdLeTS. From the teachers’ perspective, it allows the user to develop and deliver a
huge number of training tasks using one general declaration. The randomization
principle implies that, with a relatively high probability, each student receives a
unique collection of training tasks. Also, the amount of tasks is unique. In the
suggested approach, the task solved does not equal the task revised. A student’s
attempt is considered successful only if the submitted answer was correct. In case of
a failure, he may continue working on this task, but each new request is treated as a
new attempt and each new compilation results in a new task because it is ran-
domized. In order to track each student’s progress, the result of every solving
attempt is stored in the database. Classroom teachers are able review the reports of
their students’ progress relative to the classroom tasks. In this way, training tasks
become personalized for students and the personalized report become available to
teachers. It is almost impossible to provide that level of personification in a tradi-
tional classroom environment with no ICT involved due to the excessive time
requirements.

5By the set of basic elementary functions we mean a union of the set of algebraic functions and the
set transcendental functions.
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8.4.3 Task Compilation and Symbolic Calculations

In the general case, the process of training task compilation requires a significant
amount of symbolic and numerical calculations. The active use of various ran-
domization tools complicates this process even more due to the fact that the actual
values of the dynamic attributes are defined at runtime only. Consider the following
simple problem formulation:

Calculate the derivative of f xð Þwith respect to x;

where f possesses its value in a set of basic elementary functions. An answer for this
training task should possess the value of the derivative of f for each f. Thus, on such
a task compilation, appropriate symbolic calculations are to be performed in order

to determine the actual value of df ðxÞ
dx . This example illustrates the need of symbolic

calculations, though it is quite simple. In real-world cases, more complicated cal-
culations may be required.

It makes perfect sense to use a CAS to provide symbolic calculations since, by
definition, it is meant for this purpose; however, it requires some additional
development. There are two general aspects of integrating CAS in the suggested
educational system: interface and competence. The interface aspect is associated
with CAS-language. The aspect of competence determines if the system func-
tionality meets the needs of EdLeTS as a smart educational system. From these two
perspectives, the following propositions can be made:

• CAS native language is too complex. Any CAS is a professional instrument in
the first place and such a programming language should meet a number of
specific requirements. Many of these requirements, however, do not concur with
the requirements of training task declaration. In fact, most of them are excessive.
This problem is strongly connected with the idiosyncrasy issue of CAS inte-
gration mentioned in the literature review in Sect. 8.2.

• A number of necessary constructions are missing in CAS-languages. Again, the
requirements of training task declaration are different from those of a typical
programming language. Consequently, the most useful structures and functions
are often too complex in a pure CAS. This can also be regarded as a part of the
idiosyncrasy issue mentioned in the literature review in Sect. 8.2.

• Most of the CAS hides the methods and algorithms used to obtain results,
known as the black-box issue. At the same time, exposing the inside procedure
of the expression evaluation can be extremely useful when building a solution
explanation.

• Most of the CAS does not allow the ability to hold an expression in pure form
with no evaluation. The other requires special constructions that pile the code to
do so.

It is clear that a CAS fits well to provide the desired symbolic calculations, yet it
cannot be used directly. The solution is to use a CAS as a computational module
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providing a special interface layer between the end user and this module. For this
purpose, a special language, the SmallTask, was developed. The SmallTask lan-
guage, together with its interpreter, provides tools for training tasks’ dynamic
attributes management. The particularity of its application area implies specific
requirements and restrictions. As a result of the research preceding SmallTask
development, the following requirements were established:

• The language should provide functionality that is necessary for training task
declaration and be restricted to it

• The language must be as easy and intuitive as possible
• The language should provide a wide range of randomization tools
• The expressions should support fast conversion into representative mathematical

notation
• The provided capabilities should be strictly controlled in order exclude the

threats, either intentional or not, caused by its inappropriate use
• On-demand evaluation: expressions should not be evaluated until it is required

Some of these requirements may need additional explanation. First of all, there is
the on-demand evaluation requirement. A great number of training tasks in various
disciplines involving mathematics includes mathematical objects transformation.
When transforming a mathematical object, one ends up with an equivalent object in
a different form. The process of evaluation of an expression includes a number of
subsequent transformation applied to the expression. In order to uncover the pro-
cess of evaluation, we need to have the ability to preserve expressions in a
non-evaluated form. Such a capability is extremely useful when describing a
solution of a task. Consider a training task. Assume that, on some solution step, the
following expression appears: d

dx ðsin xð Þþ cos xð ÞÞ. If someone wants to explain the
process of evaluation of this expression in detail, he would probably write some-
thing similar to the following:

d
dx

sin xð Þþ cos xð Þð Þ ¼ d sin xð Þ
dx

þ d cos xð Þ
dx

¼ cos xð Þ � sin xð Þ

Note that, in order to write such an equality, two expressions are to be held in
non-evaluated form. The on-demand evaluation feature is essential for training task
declaration; it is impossible to provide the desired level of expressiveness without
it.

The strict control requirement also needs to be explained. Recall that the lan-
guage is used for the management of training task dynamic attributes. Since users
may use it, the risk of inappropriate use is possible. There are two general cases of
misuse. First, unintentional errors can be made. Second, some users may try to
damage the system on purpose. In both cases, the system should not crash. This
means that it is crucial that all the features provided by SmallTask are threat-safe.
Particularly, no direct or latent access to the operating system functionality should
be granted. This gives one more reason for a unique language development:
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• We have full access to the language interpreter and we can test and improve
each individual feature.

• Unless the SmallTask interpreter is published, there is no way for evil-doers to
examine it in search of possible vulnerabilities.

SmallTask was developed to meet the proposed requirements and address the
problems of CAS integration introduced by Drijvers [14]. It provides an intuitive
interface for dynamic attributes management and uses a CAS to perform actual
calculations. In SmallTask, each object is preserved in a form of a tree and only
minimal simplifications are performed in case it does not break the on-demand
evaluation principle. Each SmallTask object supports translation into two lan-
guages: the CAS-language, or the native language of the CAS used as a compu-
tational module in EdLeTS, and TeX, which allows expressions to be printed in
mathematical notation.

It is appropriate to mention that SmallTask differs significantly from traditional
programming languages. One may say it includes both programming language and
markup language features. On one hand, various types of calculations and trans-
formations on expressions, including variables, are supported. On the other hand,
special attention is given to the representation of an object. Specific datatypes are
used in SmallTask due to the fact that its standard library is quite atypical. The list
of SmallTask datatypes includes mathematical function, derivative, integral, limit, a
special subtype of a function known as a polynomial, and plot. The standard library
includes a wide range of randomization tools, as described in Sect. 8.4.2, and a
number of constructors, which help to construct specific objects. The overall
structure of SmallTask is determined by its application area. Inside a system, a
training task is represented as an object with several attributes, including problem
formulation, solution explanation, and answer. These can be compiled into another
object known as a concrete task. From this perspective, both the problem formu-
lation and the solution explanation consist of a markup text with special code
insertions written in SmallTask. These insertions can be placed anywhere in text;
three main printing options are available: display-none, which does not print the
expression; display-pure, which prints the expression as it is with no evaluation
performed; and display-evaluated, which evaluates and prints the result. An answer
of a task is a mathematical expression written in SmallTask. This expression is
always evaluated to its final form.

SmallTask provides an interface layer between the end user and the CAS. Its
whole structure is dedicated to training task description. A number of limitations
and restriction rules are introduced in order to prevent inappropriate use and to
reach the desired level of language simplicity. It provides wide range of random-
ization tools, supplies CAS with additional functions and structures necessary for
training task development, and supports fast conversion in representative mathe-
matical notation and on-demand evaluation. As a result, the SmallTask layer
resolves the major drawbacks of CAS use in educational purpose.
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8.4.4 Automatic Answer Checking

In previous sections, the concept of training task templating was described in detail
and its implementation was exposed. Still, a significant part of EdLeTS training task
management remains uncovered. In this section, the problem of automatic answer
checking is considered.

The overall concept of EdLeTS prescribes that task authors are only responsible
for the appropriate task template declaration and the system takes care of concrete
tasks generation and students’ answers checking. As it was mentioned above, an
answer of a concrete task is a mathematical expression written in SmallTask.
Students submit their answers in a plain-math form, which, in fact, is a subset of the
SmallTask language. In order to perform answer checking, EdLeTS compares the
evaluated answer of a concrete task to the answer submitted by the student. If they
match, the student’s answer is considered correct. Otherwise. the attempt is con-
sidered failed.

Answers equality. It needs to be clarified what we mean by answers equality.
Two types of mathematical expression equality are commonly distinguished: syn-
tactical equality and semantical equality. Two expressions are said to be syntac-
tically equal if they both have the same representation in mathematical notation. On
the contrary, two mathematical expressions f1 and f2 are said to be semantically
equal if they both represent the same mathematical object. This will be written as
f1 � f2. For example, 2x and ex� log 2 are syntactically different, but at the same time
they are semantically equal. Similarly, tanðxÞ equals sin x

cos x in the sense of semantic
equality; however, there is an obvious syntactical difference. It is simple to check
syntactic equality since this process can be reduced to a simple string comparison.
Unfortunately, the problem of establishing semantic equality is quite difficult.
Obviously, in order to perform answer checking, we need to determine whether the
two answers are equal or not in the sense of semantic equality. This is done by
special comparison algorithms introduced by the CAS being used.

Constant problem. In fact, it appears that the problem of establishing semantic
equality is formally unsolvable. The appropriate result was first uncovered by
Richardson and is known as the Richardson’s Theorem [18]. First, observe that the
suggested problem of semantic equality recognition is absolutely equivalent to the
problem of determining whether an expression equals zero or not:

f1 �? f2 , f ¼D f1 � f2 �? 0. The latter is known as the constant problem or the identity
problem. This states that, given a set of expressions E and a set of functions E�

represented by expressions from E, the identity problem for ðE;E�Þ is the problem
of deciding, given A 2 E, whether A xð Þ � 0. The Richardson’s Theorem states the
following [18]:

Let E be a set of expressions representing real, single valued, partially defined functions.
And let E� be a set of functions represented by E: if A is an expression in E then A xð Þ 2 E�

denotes a function represented by A. Assume that E� contains x (the identity function), all
rational numbers (as the constant functions) and is closed under addition, subtraction,
multiplication and composition.
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Then if x; log 2;p; ex; sin x; xj j 2 E then the identity problem for ðE;E�Þ is unsolvable.
Simply put, the theorem states that the identity problem is unsolvable in a

common function class; the statement holds for the class of elementary functions,
which is the most common class in training task development. From the EdLeTS
perspective, the outcome of this theorem says that it is impossible to guarantee the
correct automatic answer checking. In order to show that the problem is not only

theoretical and far-fetched, the following example is suggested: let f1 ¼ sec acsc xð Þð Þ
x2�

ffiffiffiffiffiffiffiffiffiffiffi
1�1=x2

p �
tan acsc xð Þð Þ and let f2 ¼ �1

1�1=x2ð Þ3=2�x3. It can be easily shown that f1 � f2, both of

them representing the derivative of 1ffiffiffiffiffiffiffiffiffiffiffi
1�1=x2

p with respect to x. Multiple CAS have

been tested on this example and only one was able to establish this equality.
The form of the final result always depends on the methods used to obtain it.

Computer algorithms are often different from those used by humans. A human
never acts like a machine and, even among humans, there are different cognitive
patterns. The more complex the task is, the more approaches can be applied to solve
it. During this research, the problem of identity checking was seldom observed;
however, there are still plenty of chances for it to occur and it is almost impossible
to predict them. In order to cope with the issue, an additional pointwise checking
procedure is suggested.

Additional pointwise checking procedure. Assume that an answer is given by
a real-valued elementary function. When the CAS native expressions comparison
algorithm turns out to be unable to distinguish whether two expressions are equal or
not, neither a True (positive result) nor a False (negative result) value is returned.
Instead, a third value is returned. This means that such an algorithm is reliable in a
sense that an unambiguous result (True or False) is always correct. In the case of
ambiguous results, an additional algorithm is needed in order to make the final
decision. For this purpose, EdLeTS is equipped with an additional pointwise
checking procedure, or a special supplementary algorithm, that takes care of answer
comparison if CAS fails to do so. A simplified scheme of this algorithm is shown in
Fig. 8.5. The additional pointwise checking procedure considers function
f ¼ fsystem � fuser, where fsystem denotes an answer obtained by the system, fuser
denotes an answer calculated by user, and checks its values in a finite number of
points (x1; . . .; xm) one by one. The check points are picked randomly from a
uniform distribution on a closed segment. The “Random(A, B)” in Fig. 8.5 denotes
a function that retrieves a random number from UðA;BÞ).

The only restriction is that all check points must be different since there is no
need to check a function value in some point twice. In order to meet this
requirement, a set of visited points is stored and the fresh point is taken into
consideration if and only if it does not belong to the set of visited points. As soon as
a non-zero value of f is obtained, the procedure returns negative result. Otherwise, if
f xið Þ ¼ 0 for all i ¼ 1; . . .;m, a positive result is returned.

It is easy to see that the suggested pointwise checking procedure is not precise.
An error is possible. The only occurrence of this algorithm failing is when it
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occasionally picks all the check points from the zero set of f and at the same time
f 6� 0. This means that the student’s answer is incorrect, but the algorithm fails to
detect it. It is important that, at the same time, the algorithm won’t fail if the answer
is correct.

Obviously, the probability of the suggested algorithm failure converges to 0 as
the number of check points tends towards infinity. More check points means lower
error probability. Still, there are reasonable restrictions on the number of checks
produced by evaluation time requirements. Also, we have to consider machine
arithmetic and, thus, the discrete probability of error should be considered [19, 20].
The value of the error probability was considered with respect to three attributes:
the maximum number of check points (m), the upper estimate for the possible
number of zeros of the target function (k), and the lower estimate for the amount of
floating-point numbers inside the suggested interval (M). As a result, an expression
for this probability as a function of M, m and k was obtained. Figure 8.6 shows the
behavior of the suggested probability with respect to k (Fig. 8.6a) and
m (Fig. 8.6b).

As we can see, the probability of the algorithm failure falls nearly exponentially
with respect to increasing values of m. An analysis of this function shows that this
probability becomes quite low for reasonable values of the parameters it depends
on. The more precise analysis of the error probability of the additional pointwise
checking procedure can be found in [19, 20].

Automatic answer checking is an essential part of EdLeTS. The whole project
does not make much sense without it. The identity problem undecidability damages
the system’s reliability. Fortunately, it appears that the situations in which such a
problem may occur are quite rare and, even in cases that it occurs, the use of
additional pointwise checking procedure often provides low error probability. In
order to lower the risk of failure, EdLeTS presents a precise explanation of the
problem of answer checking to task authors and provides them with an ability to
adjust task attributes that influence the probability of error.

Fig. 8.5 A simplified diagram of the pointwise checking procedure
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8.4.5 Task Structuring and the Theory of Learning Spaces

It appears that the theory of learning spaces closely relates to the EdLeTS system.
The key concepts used in the suggested approach of EdLeTS can be expressed in
terms of this theory. Consider a set of training tasks combined in a single task
group. Each training task in this set is defined as a task template and has a number
of concrete representations. Such a task group can be regarded as a domain.

Fig. 8.6 Behavior of the logarithm of the probability of the additional pointwise checking
procedure error on a [10, 20] segment: a with respect to k for different values of m, b with respect
to m for different values of k
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Furthermore, a structure on such a domain appears with the idea of training tasks
precedence relation.

The EdLeTS framework suggests an ability to structure all tasks inside a group
by means of precedence. A training task A is said to precede task B if one needs to
master the concept of A in order to be able to solve B. In some cases, such a relation
can be obtained in a natural way. For instance, a student would not be able to
calculate the derivative of a product of two basic elementary functions unless he is
able to differentiate each of these functions separately. Thus, a task on basic ele-
mentary function differentiation should precede a task on differentiating a sum of
such functions. In some cases, however, such a relation may not be that obvious.
Consider the limit theory and differential calculus, for example. From a theoretical
point of view, the first one precedes the second one. At the same time, it is possible
that some students would successfully learn to calculate derivatives while having
difficulty with calculating limits. Should we establish an appropriate precedence
relation between the appropriate tasks or should we divide them into two groups
and treat them separately? We leave such decisions to task authors. When placing a
task in a task group, a teacher is able to specify its direct predecessors or followers.
Having this done, he ends up with a structure on a task group that is defined by the
precedence relation. This relation is transitive (if A precedes B and B precedes
C then A precedes C) and reflexive (in order to master A one has to master A). Thus,
it is a preorder, or a quasi order.

It is not surprising that an absolutely equivalent idea can be found in the
Learning Spaces theory. In [16] the notion of the surmise relation, or equivalently,
the precedence relation, is used. The authors show that there is a one-to-one cor-
respondence between the collection of preorders on some domain and the collection
of quasi-ordinal spaces, or knowledge spaces that are closed under intersection, on
the same domain. As a corollary, each preorder implies a knowledge space. Since
the relation described in the above paragraph is a preorder, then it also defines some
knowledge space. In Fig. 8.7, an example of a knowledge space induced by a
precedence relation on a domain of training tasks on simple differentiation rules is
shown in form of a graph. Each node of this graph represents a state a student might
possess. The edges represent the accessibility of these states. We can see, for
example, that a student needs to master concept B, which stands for “derivation of
base elementary functions”, in order to master any other concept: any non-empty
state which includes concepts other than B necessarily includes B.

The precedence relation defined on a group of training tasks allows the intro-
duction of personalized suggestions for students. Consider a student who fails to
solve some task consistently. At the same time, he didn’t perform well on one of the
preceding tasks. For instance, he had solved a relatively small amount of such tasks
and the overall results were not impressive. It seems reasonable to suggest that the
student should work the preceding task over again. On the basis of this idea, a
personalized suggestions list of “tasks worth worked off”, or “fill-the-gaps sug-
gestions”, can be constructed. The system detects possible problems of a user by
analyzing his solving progress and provides suggestions based on the precedence
relation. In a similar way, a training path can be constructed. If a student has
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performed well on all of the predecessors of some task, then he is probably ready to
move to that task.

The described ideas of “fill-the-gaps suggestions” and learning path construction
form a powerful tool that brings adaptiveness to the whole project; however, this is
still a work in progress. Some problems arising with the development of the
appropriate algorithms are presented in Sect. 8.7. Some algorithms for building
learning paths in knowledge spaces are described in [16] as well as other papers
dedicated to the theory of learning spaces.

Recall from Sect. 8.2 that a knowledge state is defined by a set of items of the
domain that a student has mastered. It is a challenging problem to determine if a
student masters a given concept. Consider a student, say Sarah, receives a task on
the chain rule of differential calculus and solves it successfully. Does it mean that
she has truly mastered the concept? Her success may be due to a lucky guess, or
perhaps she recalled the correct answer from her prior experience. There are plenty
of possibilities that Sarah had solved the proposed task on occasion and still has not
mastered the underlying concept. There are various approaches that can be used to
distinguish whether or not a student has mastered a concept. One of them specific to
EdLeTS is presented below.

Traditionally, teachers provide students with a fixed amount of tasks so that they
can train their understanding of a given concept. This suggests, at least in a latent
form, a vision of an average student who is going to master the given concept after

Fig. 8.7 An example of a space induced by a precedence relation on a domain of training tasks on
differentiation rules. Each letter represents a task: B—base (derivatives of base elementary
functions), S—sum differentiation, P—product differentiation, F—derivative of a fraction, E—
power function differentiation
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training on a given amount of tasks. As it was repeatedly noted in previous sections,
such an approach suffers major drawbacks that may be generalized as an absolute
absence of personalization. In EdLeTS, a different approach is proposed. Recall that
the tasks here are introduced by means of training task templates. From this, a large
number of concrete tasks based on a single template can be produced. This implies
a new measure for the level of adaption of a concept underlying a task, namely the
ratio of successful attempts to the whole number of attempts. This can be referred to
as the success ratio. This approach is based on a simple idea that, if someone
performs a stable success in solving different tasks on some topic, then he probably
masters this topic. Let us return to Sarah from the above paragraph. Now, Sarah is
provided with a number of concrete training tasks on the chain rule. She solves
them one by one and a track of each attempt is kept. Assume that, after 100
attempts, Sarah reaches the success ratio of 0.9. Now, with a great confidence we
could say that Sarah has learned the chain rule well. This new measure implies
natural personalization. It shows that each student is going to solve his own amount
of tasks in his own way as a way to reach the desired success ratio. EdLeTS allows
classroom teachers to define the required success ratio and the lower bound for the
total number of attempts for each task assigned to students. The lower bound for the
total number of attempts is a prerequisite for ensuring that the success ratio is
representative. A success ratio of a total of 1 attempt does not indicate a thing.

In EdLeTS, each task assigned to a student can be supplied with two attributes:
the desired success ratio and the lower bound for the number of solving attempts.
As it was stated in the above paragraph, this approach is more flexible than the
traditional one and it implies a higher level of personalization.

8.5 Testing and Validation of Development Outcomes

EdLeTS is still a work in progress. Despite the fact that the theoretical development,
meaning development of concepts and the full system architecture, recognition of
tools, and applications to be used, is mostly done and the program realization
implements most of the desired features, there is still a lot of work to do. It might be
too early to integrate the system in an educational process. This is due to the lack of
some features and even some interface gaps. This may lead to disapproval among
both teachers and students; however, some significant tests were performed during
this research.

8.5.1 Testing of the Task Generation Approach

In this subsection, a test of the general idea of learning by training on multiple
examples provided by EdLeTS is described. The main goal of this test was to get
insight into how effective the suggested approach really was. The testing was
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performed on the earlier version of EdLeTS that was provided in a form of an
educational computer program with a database of training tasks. This system was
able to generate a large amount of different training tasks covering various topics of
limits theory, differential calculus, complex analysis, integral calculus, etc. Each of
the tasks was supplied with a static solution explanation and the appropriate answer.
Altering select predefined attributes through the task generation and automatic
answer checking was supported. The system was accorded to a group of 30 students
studying at one of the Moscow technical universities. These students were taking
classes in mathematical analysis and the theory of functions of a complex variable.
The students took the appropriate theoretical classes, i.e., lectures, as prescribed by
the curriculum. Some techniques in the practical part of the course were taught with
the help of the system. Table 8.1 lists the covered topics.

For each of these topics, a separate test was held. During a test, each student sat
in front of a computer with the educational program running. Upon request, a
student was provided with a task. Once done, a student submitted his result back to
the system. The system then performed answer checking. If the answer was
incorrect, the appropriate solution explanation was given. A student then studied
this solution and continued on with equivalent tasks. The system kept track of how
many solving attempts were done during a session. Each test was held for a limited
time, from 20 to 45 min depending on topic. An instructor supervised the whole
process. This same instructor recorded the overall results of a test. For each student,
the number of tasks it took them to achieve a stable success (3 successes in a row)
was recorded (1 if the first three attempts were successful, 2 if attempts 2–4 were
successful, etc.). The appropriate data is summarized in Fig. 8.8.

Each pie chart represents the results of the appropriate test. A segment of a chart
represents the amount of students that needed a particular number of attempts to
achieve stable success. Each segment is labeled with the number of attempts. For
instance, Fig. 8.8a shows that 17% of students succeeded starting from the second
task. It turned out that, throughout all of the tests, the less enthusiastic students
required up to 6 attempts in order to grasp the underlying idea. Starting from the
seventh task, they began to solve them correctly. Although the tasks were quite
simple and rather algorithmical, the results were above expectations. These results
show that, after a given amount of attempts, a student understands what is common
throughout all of the tasks, what details they differ in, and how these details
influence the problem and its solution. More complex training tasks rely more on a
student’s background and, thus, the number of attempts required to make progress
may grow higher. A student would never differentiate sinðcos xð ÞÞ correctly unless
he knows what the derivative of the sine function is. Although the results obtained
show that the general idea works fine and if a student faces some serious problems
with similar tasks for a long time, it may indicate a significant gap in his back-
ground knowledge.
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8.5.2 Teachers and Students’ Opinion Poll

In order to find out what students think about the EdLeTS system, a group of 17
first-year students were involved in the test. These students used EdLeTS during
their practical classes in mathematical analysis to train the newly learned

Table 8.1 Topics used for testing the EdLeTS training tasks generation approach

Topic Description Problem
example

Limits calculation using
special limits and the squeeze
theorem

By special limits, we denote the two widely

known mathematical identities: lim
x!0

sinðxÞ
x ¼ 1

and lim
x!1 1þ 1

x

� �x¼ e. The squeeze theorem,

also known as the sandwich theorem or the
two policemen theorem, states that, if the
upper (h) and the lower (g) bounds of a
function f both converge to the same limit
(lim
x!a

gðxÞ ¼ lim
x!a

hðxÞ ¼ L), then lim
x!a

f ðxÞ also
equals L. The appropriate tasks train the
ability 1) to recognize and use special limits;
2) to determine such bounds of a function
that the squeeze theorem can be used to
calculate its limit

Calculate the
value of
lim
x!1

5xþ sin2x
2x�1

Differentiation rules These tasks include various examples on the
basic differentiation rules such as
differentiation of a sum/product/fraction and
the chain rule

Calculate the
derivative of
2sinðxÞ

Integration by parts Such tasks are intended to train the technique
of integrating by parts using the following
formula:
R u xð Þv0ðxÞdx ¼ u xð Þv xð Þ � R vðxÞduðxÞ. In
order to solve such a task, a student should
be able to recognize a possibility of
integrating a part of the original integrand in
order to reduce, through integration by parts,
the whole expression to the less complex one
and calculate it

Find
R
sec3x dx

Complex integration using
residues

These tasks are used to train the technique of
calculating a line integral of an analytic
function over a close curve using the
Residue theorem:
H

C
f ðzÞdz ¼ 2pi

Pn

k¼1
Resðf ; zkÞ, where C is a

positively oriented simple curve, z1; . . .; zn
are the isolated singularities of f in a region
bounded by C, Resðf ; zkÞ denotes the residue
of f at zk

Find
H

z�1j j¼2

sin z
z dz
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techniques. The test was held as a part of each lesson for 3 weeks. At the end, the
students were asked to answer the following questions:

(1) How helpful did you find the solution explanation shown in a case of a wrong
answer? Choose one of the following:

1. absolutely useless
2. almost useless
3. useful sometimes
4. quite useful
5. very useful

(2) What training approach would you prefer: traditional (traditional schoolbooks,
homework, etc.) or the EdLeTS approach? Choose one of the following:

1. I would definitely prefer the traditional approach
2. I think traditional approach is more suitable for me
3. I don’t know
4. I think the EdLeTS approach is more suitable for me
5. I would definitely prefer EdLeTS

Fig. 8.8 The results of testing EdLeTS training tasks approach on students for the following
topics: a limits calculation using special limits and the squeeze theorem; b differentiation rules;
c integration by parts; d complex integration using residues
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(3) How convenient/easy-to-use did you find the system in general (user interface,
obtaining a task, answer checking, solution overview)?

1. it was really hard to use it
2. quite uncomfortable
3. it could be better
4. quite comfortable
5. absolutely comfortable

(4) If you were to decide, would you recommend to use EdLeTS in similar classes?

1. I would definitely not recommend to use EdLeTS
2. I likely would not recommend to use EdLeTS
3. I don’t know
4. I likely would recommend to use EdLeTS
5. I definitely would recommend to use EdLeTS

The overall results of this poll are presented in Fig. 8.9. It represents students’
answers on the proposed questions: Fig. 8.9a shows answers for questions 1 and 2;
Fig. 8.9b shows answers for questions 3 and 4. Each group of two bars in Fig. 8.9a
and Fig. 8.9b represents one student’s answer (e.g., the first pair of bars in Fig. 8.9a
together with the first pair in Fig. 8.9b show that the first student’s answers were 5,
5, 4, 5 for questions 1–4, respectively). The poll results in Fig. 8.9a show that, on
average, students feel good about using EdLeTS in their education. Most of them
find detailed solution explanations at least quite useful and all the students said they
are likely to choose EdLeTS over the traditional approach. The answers to question
3 are also quite positive. The students did not face any critical problems when using

Fig. 8.9 The results of the opinion poll about EdLeTS among students. Each group represents one
student’s answers: a—questions 1 and 2; b—questions 3 and 4
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the system; however, they did not use the whole functionality. This was due to the
fact that the test was held within one particular course and only a limited amount of
training tasks was introduced. Finally, question 4 was aimed to reveal the overall
level of approval of the system among students. The results show that, in general,
the students are most likely to support such an experiment

At the moment, there has not been an opportunity to provide appropriate
research for the teachers’ opinion regarding EdLeTS due to the small size of the
sample of teachers who tried EdLeTS. An investigation in the form of a dialog with
various teachers revealed results that are quite similar to the results obtained by
Lavicza in [13]. These say that the most experienced and seasoned teachers are
often quite sceptic when asked about integration of an educational system into their
curricula, while the younger teachers are often more open to such experiments and
show interest in EdLeTS.

8.5.3 Pointwise Checking Procedure Testing

A significant part of the EdLeTS project, which requires appropriate testing, is the
additional pointwise answer checking procedure. Recall from Sect. 8.4.4 that the
procedure is stochastic and errors are possible. Therefore, the first general question
here is “How often does this algorithm fail?” Another important characteristic of the
algorithm is the number of steps it takes to recognize an incorrect answer. This
value varies from run to run.

A number of tests were performed on multiple examples. For each example, a
test task was built with a static answer that matched the desired function. For each
test task, multiple tests were performed by submitting a function that was somehow
close to the answer, but not equal to it. In case the additional pointwise checking
procedure was set in motion, the following data was recorded: the overall result of
checking and the number of steps it took the algorithm to find out that the answer
was incorrect.

The following results were obtained: the algorithm had never failed because, for
each test case that required additional checking, the correct response was obtained;
most of the runs required only 1 step to obtain correct result; and about 85% of runs
were done in less than 10 steps. The distribution of the number of steps is presented
in Table 8.2.

Table 8.2 The distribution
of the number of additional
pointwise checking procedure
steps on test runs

Percent of runs (%) Number of steps

*73 1 step

*12 2–10 steps

*8 11–30 steps
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The results of this test show that, in most cases, the suggested additional answer
checking procedure is able to detect incorrectness relatively quickly. It is also
important to note that no test run lead to a failure.

8.5.4 Comparison with Other Systems of a Kind

The provided research shows that the amount of educational systems considering
mathematical disciplines in the way it is done in EdLeTS is next nothing. One
project similar has been found so far, namely Maple T.A. EdLeTS and Maple T.A.
have much in common, though they have been developed independently. Maple T.
A. is a commercial educational web application based on the Maple computer
algebra system. It provides tools for training tasks development and organization,
affords a user-friendly task designer, and. at the same time, allows the use of Maple
language construction in the algorithmic part of a task. The latter feature gives task
authors access to the full power of Maple CAS, which, in fact, allows them to
implement the same idea of training task templating themselves. This feature is also
a drawback, though. The direct use of a CAS leads to most of the issues revealed in
Sects. 8.2, 8.4.3, 8.4.4. These issues include the black-box issue, idiosyncrasy,
language complexity, etc.

Table 8.3 provides results of the comparative analysis between Maple T.A. and
EdLeTS.

Table 8.3 Comparison of Maple T.A. with EdLeTS

Maple is a professional instrument and, thus,
its language is too complex for the needs of
task development in an educational system

EdLeTS provides a language (SmallTask)
that was specially developed for training task
declaration and is free from useless
constructions (this achieving simplicity)

As a black box tool, Maple hides its inner
methods realization. Consequently, it is hard
to restore the steps that lead to the final result

EdLeTS provides a number of tools for
retrieving a step-by-step solution path

Giving access to the power of CAS may lead
to possible vulnerabilities. Consequently, a
serious code validation is required

The SmallTask language gives no access to
any dangerous areas by construction

Maple T.A. claims that it fully supports
automatic answer checking with answer
given in mathematical notation. At the same
time, it was shown (see Sect. 8.4.4) that this
feature has serious limitations. It is possible
that this system crashes on unsuitable
examples

EdLeTS provides additional algorithm which
runs when CAS appears to be unable to solve
the identity problem. The probability of its
failure is estimated and can be reduced to
acceptable values by altering the appropriate
attributes of a task
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8.6 Discussion

As a result of the performed research, the EdLeTS system was developed. This
system implements the key idea of training task templating and resolves various
problems described in Sects. 8.2 and 8.3. The idea of training on concrete examples
has proven very well throughout the history of mathematical education. Practice
shows that, this way, students learn to recognize common patterns in concrete
problems and also generalize the solution that finds out how it differs with respect to
details. It is always surprising that many students experience serious problems when
trying to apply concepts or techniques that they have recently learned to some
concrete examples. From a student’s perspective, this means that his inner picture of
the appropriate concept is incomplete and the only way to fill the gaps is through
training on concrete examples. EdLeTS provides students with the ability to train
for as long as needed, appropriate solution explanations help to find out the root of
mistakes, and, finally, the automatic answer-checking feature makes the whole
system usable. EdLeTS takes the idea of learning by training to the next level. Still,
some problems remain unsolved and there are features that are going to be
implemented within further development. In this section, a discussion of the out-
comes obtained and objectives still not achieved is provided.

Smartness in math education. Based on the performed analysis of various
concepts in smart learning area and multiple disadvantages of the traditional
approach to math education, a vision of Smart Math Education was established. As
it was stated earlier in this paper, we believe that a human teacher cannot be
replaced. Thus, the general intention of the EdLeTS project is to improve the
quality of teacher-student interaction. We find the following characteristics essential
for Smart Math Education:

• high level of automatization of training material (automatized training tasks
generation and processing, automatic answer checking);

• personalized student support;
• students’ personal statistics gathering and analysis;
• adaptive learning plans (e.g., building personalized learning paths based on the

current state of a student).

Such features cannot be established within the traditional approach. As it was
discussed earlier in this section, it is almost impossible for a teacher to provide the
desired level of personalization and adaptiveness in a traditional classroom without
specifically designed tools. At the same time, the use of a system such as EdLeTS
can improve the situation significantly. From the perspective of hardware equip-
ment, the requirements here can be quite low. It is sufficient that everyone in a
classroom is equipped with some kind of a computer, whether a PC, laptop, tablet,
even a smart phone. Smart Math Education should also preserve the traditional idea
of learning by training on multiple examples and, thus, there may be no specific
ideological changes in the curriculum. In practice, the use of smart educational tools
would always require a teacher to play the role of classroom developer with tasks
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including building classroom task domain, inviting students, etc. EdLeTS aims to
make this process as easy as possible and also provide a sufficiently low entry
threshold level in order to reduce requirements imposed on teachers to minimum.

Compared to traditional university math education, the Smart Math Education
should introduce a significantly higher level of personalization and adaptiveness.
The traditional educational approach is focused on a relatively large group of
students. Contrarily, an individual student is in the focus of Smart Education. The
EdLeTS project is aimed at providing the highest level of personalization and
adaptiveness in mathematics education while sticking to some traditional tech-
niques that have proven well though its history. In sequent sections, the main
features of Smart Math Education addressed in EdLeTS are discussed.

Personalization is one of the most important features of smart education
revealed by multiple researchers. In addition, it is one of the key objectives of
EdLeTS development. It may be stated, with great confidence, that it is almost
impossible to introduce personalized learning plans in a traditional classroom where
a group of about thirty students is managed by a single teacher. The suggested
approach of training task templating with automatic answer checking and the notion
of success ratio together with the notion of tasks precedence relation allow the
ability to provide a high level of training personalization:

• the success ratio measure considers each student’s personalized progress;
• concretized solution explanations help students easily identify their individual

weak spots;
• personal statistic gathering allows teachers to discover both group progress and

individual learning status of each student;
• the notion of precedence relation allows to provide automatic personal help,

proposing future steps or suggesting task to work on, based on the analysis of
his mistakes.

Adaptiveness. The idea of tasks structuring and the precedence relation
described in Sect. 8.4.5 forms a basis for intelligent “fill-the-gaps suggestions: and
learning path construction. These features make the whole system adaptive to each
student’s individual requirements. It is often not so easy to find out what obstacles
hold a student back from solving a task repeatedly. Specifying precedence relation
on a group of tasks allows the ability to build individual suggestion lists based on
this relation and current progress of a student. Such a list consists of tasks that a
student should pay attention to since he is likely to have problems with some of
them. On the other hand, the suggested tasks structuring allows the building of
learning paths if a student performs with stable progress. Such paths can be built
both horizontally and vertically. If a student succeeds constantly in solving all the
tasks that are direct predecessors of task A, then he is most likely to be ready to
move to this task A. Some additional theoretical study may be also required. This is
the vertical movement. The horizontal movement suggests moving across tasks of
the same level. In other words, all predecessors of a task should be worked off
before moving to this task. Both of these features, training suggestions and learning
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path proposal, are still being developed. EdLeTS supports tasks structuring by
means of precedence and is able to make simple conjectures on students’ problems
based on such a structure; however, a user’s overall progress has to be taken into
consideration. For this purpose, a weighted subtree of the problematic task, implied
by the precedence relation, should be walked over in order to build an appropriately
ranged suggestions list with the most relevant tasks appearing at the top of the list.
The weights of its nodes should represent the possibility of misunderstanding
together with the relevance to the original task. Calculating these weights tends to
be quite challenging. This is one of the main topics of current research within the
EdLeTS development.

Mobility, self-Learning and ubiquitous learning. EdLeTS was developed to
easily function on any kind of devices, whether a laptop, tablet, or smartphone. The
self-training mode allows students to explore new techniques and train freely
without the fear of exterior judgement. The overall idea of the project is to allow
students to train anywhere and anytime. Particularly, this requires including support
for structured theoretical material. This is still a work in progress.

Flexibility and ease of use. In EdLeTS, special attention is given to the system’s
ease of use and flexibility. It is considered the primary requirement that teachers
face no significant problems when integrating the system into the educational
process. Classroom structuring and management tools, tasks grouping and struc-
turing, a wide range of instruments for training tasks development, and reports
gathering features all serve this purpose. The SmallTask language was developed to
be flexible and intuitive, only providing essential features specific for training tasks
development, as they are needed. There is still a great need for a graphical user
interface, though, as this would allow teachers and task authors to avoid using the
SmallTask language as much as possible. Currently, there is an interactive task
designer presented in EdLeTS. It allows the ability to build SmallTask construc-
tions using a special keyboard; therefore, there is almost no need to understand or
learn the language whatsoever. Meanwhile, a simple investigation showed that
many university teachers do not want to see any language constructions at all.
Consequently, we must develop a task designer that provides an intuitive graphical
representation for each and every construction used in training task development. It
must also provide an easy to use interface to operate them.

CAS. EdLeTS introduces the possibility of using the full potential of a CAS
while being free from the indicated drawbacks of using CAS in math education.
The power of SmallTask is limited to the needs of training task development thus
saving students and teachers from excessively complex constructions, conse-
quences of inappropriate use and other possible problems. At the same time, it
supplies CAS with a number of methods and algorithms necessary for task
development. In such a way, EdLeTS combines advantages of CAS and specifically
developed educational system.
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8.7 Conclusions and Future Steps

Conclusions. EdLeTS is developed to improve the educational process in the field
of exact science. Our vision of smart technologies in mathematical education is
inspired by multiple researches in Smart Education, Smart Classroom, Smart
Universities, and other relevant topics partially presented in the literature review in
Sect. 8.2. According to this vision, the following outcomes were obtained as a
result of EdLeTS research and development:

• The concept of training task templating was developed and implemented in the
EdLeTS project. This concept embodies the idea of personalization. This is the
primary idea of smart technologies and is considered a dominant aim of the
EdLeTS project.

• The EdLeTS system can be used anywhere and anytime. It also presents no
additional requirements for hardware or environment except for the presence of
a computer/laptop/tablet/smartphone. Furthermore, the availability of immediate
solution explanations saves students from searching for additional help material.

• Training in self-learning mode allows students to improve their skills without
worrying about the possible consequences of failure. These concerns are often
rather psychological. The self-learning progress is visible only to the learner.
Introducing smart suggestions and adaptive learning paths is generated in this
mode so that any student could move forward following his individual path at
his own chosen speed.

• An approach to use the power of CAS while keeping off the significant draw-
backs of its integration was established. From this perspective, EdLeTS provides
an educational interface to the tools provided by a CAS. This interface is cus-
tomizable by means of restrictions. The CAS itself is supplied with additional
learning-specific tools.

• A relationship between the concepts of EdLeTS and the Learning Spaces theory
was established. The foundation for intelligent algorithms for learning paths
building and “fill-the-gaps suggestions” was obtained. Being appropriately
implemented. these features bring adaptiveness to the system.

• The big variety of task development tools enables the ability to expect easy
integration in math curriculum.

Future steps. The EdLeTS project is a work in progress. The research and
development are going on constantly. New features are introduced as the new
requirements are uncovered. Based on the research presented in this paper, the
following future steps can be indicated:

• Introducing higher level of adaptation. EdLeTS should provide a deep analysis
of learner’s progress and indicate possible sources of failures according to the
given tasks structure implied by a precedence relation. It should also recognize
and report possible inconsistency in a tasks group to classroom teachers. From
this perspective, the results obtained in the Learning Spaces theory look
promising; however, they still need to be adapted to the needs of EdLeTS.
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• Training task designer improvement. Currently, it is clear that the task designer
has to support full abstraction from the SmallTask language constructions. It
appears to be strictly necessary to provide graphical representation for every
object and action used in task development.

• Filling with more tasks. In order to demonstrate the features of EdLeTS to
potential users, we need to populate the database with a number of represen-
tative tasks. It is considered a good practice because most users prefer to
investigate features learning by examples. Also, the process of task development
reveals weak spots of the project. One of the primary future goals is to develop a
public pull of training tasks which would be observed, used and populated by
users.

• Integration is probably the most significant future objective. Once the first
production version is obtained, it is going to be integrated into the mathematical
analysis course in one of the Moscow technical universities for testing purposes
in the first place. This will allow the ability to understand whether or not it
works as expected, what the weak spots are, how teachers and students feel
about using it, etc. Gathering a precise feedback will determine further steps.

• In the context of using EdLeTS in a Smart University, it is necessary to provide
a way to interact with other components of a SmU. From this perspective, a
development of an appropriate protocol for learning data export and import is
considered.

• Finally, a model for interconnected theoretical learning material is to be
developed and implemented in EdLeTS. Currently, the SCORM specification
standards are considered as the base for this functionality.
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Chapter 9
A Framework for Designing Smarter
Serious Games

Katherine Smith, John Shull, Yuzhong Shen, Anthony Dean
and Patrick Heaney

Abstract As smart technology becomes more ubiquitous, there are increased
opportunities to enhance the way that educational content is presented and prac-
ticed. There are numerous studies indicating the importance of combining
instructional and game design in the process of developing serious games.
However, there are no frameworks or processes that have been developed to pro-
vide insight on methods for effectively combining these existing design method-
ologies. To this end, a modular framework has been developed with an
accompanying spiral design process that facilitates the design, development, and
continued improvement of smarter serious games. The implementation of this
framework will be explored through an evolving serious game developed using the
framework that is aimed to teach precalculus at the college level.
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9.1 Introduction

As of 2015, 86% of 18–29 year olds owned smartphones while 78% owned tra-
ditional computers [1]. As today’s students are constantly engaging with technol-
ogy, the ability to further engage them in education on that same technology
through gaming is an incredible asset. However, many educators and instructional
designers have cited lack of content relevance as a major deterrent to the adoption
of serious games in education [2, 3]. There are studies showing serious games are
highly effective at conveying content from training for Navy recruits [4] to medical
instruction and training for both patients and health care providers [5]. While some
efficacy studies of serious games have yielded mixed results, this result is not
surprising. Just as there are effective and ineffective teachers, there will be effective
and ineffective serious games [6]. The challenge then becomes how to develop
serious games that are not only effective, but smart. There are many papers focusing
on characteristics of serious games that have been developed [7–9], but there has
been no overall methodology put forth to allow game developers to design serious
games that get smarter as the player model is developed. In particular, due to budget
and scheduling constraints it is often necessary for developers to choose a subset of
these characteristics to incorporate into an initial version of the game. From there, it
will be important that the overall framework is flexible enough to allow developers
to remove characteristics that are not effective for their target population and add
elements that may increase learning and engagement. In this process, it is vital for
developers to focus on three main aspects. The first is the target player and how
they may be different from the general population. The second is the content as they
carefully determine what content can be effectively delivered through a serious
game and the optimum way to present this content to enhance learning and maintain
engagement. The final focus is the game itself and using effective game design
techniques to build a game that is engaging as well as instructive. The approach
highlighted aims to build upon approaches to instructional design [10] and game
design [11] to present a clear method for combining them to create a framework for
smart serious games. In addition, this framework supports the enhancement of
smartness features including adaptation, sensing, and inference. This is demon-
strated by showing how serious games developed under this model can be con-
sidered smart learning environments and enhance the overall smartness level of a
university.

In this chapter, the discussion will focus on the development of a framework
which combines game and instructional design and can be applied to produce an
evolving smart serious game that becomes smarter as data collection informs the
developers. The end result is iMPOS2inG: A Model and Process for creating
Smarter Serious Games which is an adaptable framework that contains each of the
modules needed for a smart learning environment [12] while ensuring that those
modules are able to adapt and change as more information is revealed about the
individual users. A spiral process involving (Re)Definition, Development, and
Enhancement of player, instructional and game design characteristics is carried out
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repeatedly to create a final product that is smart, effective, and entertaining. At each
stage, the player, content, and game are emphasized to ensure that all three con-
siderations are properly balanced in the final product.

Beginning with assumptions based on research into the target population, game
and instructional design principles are combined to create a serious game that
targets general deficiencies in the student population. Through data collection from
in-game action, each component or module of the game can be updated individually
to take into account learned features about individual students. Finally, an intelli-
gent tutoring layer is added to redirect students through the game modules based on
the user model learned from initial trials. This customization is facilitated by having
all information about the player’s path associated with the player model rather than
with individual objects within the game.

The remainder of this chapter will be organized as follows. Section 9.2 provides
a review of significant literature related to serious games, instructional design, and
smart learning environments. Section 9.3 defines the overall goals and objectives
that will be addressed in this chapter. Section 9.4 discusses the overall framework
and process along with methods used in their development. Additionally, Sect. 9.4
indicates how this framework can be used to develop smarter serious games that
enhance particular smartness features at a university. Section 9.5 discusses appli-
cations and implementation of the spiral process and framework for designing
smarter serious games. This is demonstrated with examples from a serious game
following the framework that has been developed by the authors. Section 9.6
provides discussion of results and lessons learned. Section 9.7 addresses conclu-
sions and future work.

9.2 Literature Review

Smart learning environments. Hwang [12] presents criteria for smart learning
environments as well as a set of modules that comprise a smart learning environ-
ment. According to Hwang [12], smart learning environments are aware of the
learner’s context and environment. This can include their physical location and
surroundings as well as their behaviors. The smart learning environment is then able
to adapt and provide support to the learner based on their specific context.
Additionally, smart learning environments are aware and able to respond to unique
learner requirements based on information gathered from the user throughout their
interaction with the environment. Finally, smart learning environments have user
interfaces that are able to change to present content in different ways based on the
learner’s context and needs. In addition to providing criteria for smart learning
environments, Hwang proposes a set of modules that are required to implement a
smart learning environment and presents a framework that links content and learner
profiles to the learner through a user interface.

Reviews of serious game effectiveness. Connolly et al. [6] provide a highly
detailed survey of the literature regarding positive outcomes from studies of serious
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games. They discover that while negative outcomes from serious games are more
publicized, there are actually a greater number of studies reporting positive learner
effects. They also note that there is great variability in the methodology used to
collect these results which they attribute to the multidisciplinary nature of serious
game development. In response, they recommend more rigorous methods for
evaluating serious games.

Study of educational game designers. Ruggiero and Watson [9] focus on how
game designers approach praxis in their games by interviewing twenty-two edu-
cational game designers. Based on the compiled results, they find that many
experienced game designers describe the entire process of game design as an
action-reflection cycle that is focused first on the content they are trying to convey
to the learners. In addition, they find that it is important to understand and reflect on
any design and project constraints as soon as possible. The authors recommend
using an action-reflection cycle in the educational game design process.

Game characteristics in game and instructional design. Charsky [7] provides
an overview of not only how the implementation of game characteristics has
evolved over time, but also the importance of collaboration between game and
instructional design in implementing these characteristics. The author focuses on
competition and goals, rules, choice, challenges, and fantasy and how incorporating
these characteristics requires knowledge of topics that span instructional design,
game design, and computer programming. He also points out that there is no set
procedure for balancing these considerations. More research is required to under-
stand how these various components can be integrated in successful serious games.

Need for a serious game framework and process. Bellotti et al. [13] highlight
opportunities for research in the design of serious games particularly identifying a
need to study different methodologies and architectures for developing serious
games that promote the development of serious games that are effective for a variety
of learners across a range of content areas. In our work, we aim to provide a
methodology for development as well as an overall game architecture that can be
adapted to serve the needs of many content areas and user groups.

Smart features. Uskov et al. [14] identify key features that indicate the level of
development of a smart university beyond a traditional university. These features
include adaptation, sensing, inferring, self-learning, anticipation, and
self-organization. From our perspective on investigating a model for the develop-
ment of smarter serious games as smart learning environments, we will highlight
how smarter serious games can address adaptation, sensing, and inferring. Uskov
et al. [14] define these as follows:

• Adaptation describes a smart university’s capacity to alter the way it approaches
functions, such as teaching and learning.

• Sensing describes a smart university’s ability to collect data regarding changes
that may affect its interests.

• Inferring describes a smart university’s ability to use collected data to make
decisions that change the way the university functions or help students.
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Smart serious gaming. Uskov and Sekar [15] identify a set of trends which they
expect will be followed as serious games progress into smart serious games. A few
of these trends are:

• Serious games will evolve by incorporating and enhancing the same smartness
features from [14].

• User engagement will tend to increase.
• Collaboration and integration between diverse platforms will be enhanced.

9.3 Research Project Goal and Objectives

This framework for smart serious games has been developed as part of a smart
learning environment for military veterans that aims to help universities become
smarter by anticipating the needs of a target student population and providing
adaptive programs to serve those needs. While this particular project focused on
student veterans and STEM courses specifically, the framework and lessons learned
can be transferred to support the development of smarter serious games for a range
of student populations across a broad array of content areas. This chapter will focus
mainly on the development of the framework and components of the program that
directly impact this aspect of the project. First, a modular smart learning environ-
ment with components that continually evolve to become smarter is presented. In
addition, an overall design process that accounts for player, instructional, and game
design considerations is proposed. The overall goal is to develop and demonstrate a
framework that can be used to develop smart serious games.

9.3.1 Goals and Objectives for Smart Serious Games

The goal for a smarter serious gaming framework is to target many of the defi-
ciencies that traditionally plague serious games while simultaneously serving the
target population. In order to do this, the framework needs to be content focused. In
addition, the framework needs to focus particularly on challenging content that can
be enhanced by interactivity, compelling visualizations, and dynamic rapid feed-
back which are all characteristics of any good game. Furthermore, providing an
adaptable framework that allows small teams to develop games that become smarter
as more information about the player is revealed was of great importance.
Designing an adaptive learning environment requires a detailed model of the player
population which can usually only be obtained by gathering data as the game is
played. This requires the development team to use limited knowledge to develop a
smart player model that can adapt to become smarter. Going beyond the traditional
idea of an adaptive learning environment which allows players to proceed through a
custom path, this framework needed to be adaptable to allow incorporation of
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additional game play enhancements such as score boards to promote competition
and integration of external resources for just-in-time (JIT) assistance.

9.3.2 Stern2STEM Program Goals and Objectives

This smart serious game approach has been developed as part of From Stern to
STEM which is a pilot program designed to develop and investigate techniques to
assist military veterans in attaining STEM degrees [16]. This program is designed to
recruit driven, capable military veterans with technical STEM experience into
engineering and engineering technology degree programs. Once the student vet-
erans are enrolled, the program aims to support the veterans throughout their degree
program. First, veterans are aided in preparing for their first college classes and
entrance exams by providing STEM leveling assistance and tailored advising.
Many of these students have been out of the classroom for an extended period of
time and require a refresher on introductory precalculus, calculus, physics, and
chemistry courses to allow them to start the program at the correct level. Students
are provided with tailored support through tutoring, mentoring, advising, online
resources, and interactive gaming to allow them to prepare to begin successfully.
The tools provided through this program are designed to combine proven peda-
gogical practices with smart technology such as interactive gaming to provide the
veterans with an experience that is tailored to their individual needs. After gradu-
ation, the program aims to provide graduates with career placement resources and
provide workplace development throughout the career of Navy STEM
professionals.

9.4 Development of IMPOS2inG

While many serious games have been designed and analyzed [6], there has been no
adaptable framework presented to guide game developers through the complex
process of designing smarter serious games. Serious game design requires under-
standing of both game and instructional design in order to combine game charac-
teristics and content in a way that leads to a motivating game focused on learning
[7]. In order to resolve this lapse, a framework that incorporates game design,
instructional design, and player consideration has been developed. As recom-
mended by a survey of experienced game developers [9], this framework involves a
spiral process that promotes activity and reflection on that activity throughout the
development process. After reviewing a model for instructional design and a model
for game design, the discussion will focus on combining the two into a unique
process as well as the resulting model for a smarter serious game. Finally, the
ramifications of this development on smartness features and smart universities will
be discussed.
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9.4.1 Overview of the Successive Approximation Model
for Instructional Design

The Successive Approximation Model (SAM) was introduced by Allen and Sites in
2012 as a replacement for the more traditional Analysis, Design, Development,
Implementation, and Evaluation (ADDIE) model that took advantage of iterative
design processes [10]. While an extensive discussion of the model is not necessary,
the features and components of the model are summarized here for readers not
intimately familiar with instructional design models.

The SAM process starts with information gathering to collect background
information needed for a successful project start. The process then moves to a
“SAVVY Start” phase which is a short brainstorming session meant to collect ideas
from key team members and kick off the iterative design phase. In the iterative
design phase, the team follows a design, prototype, review cycle in order to solidify
a design that will be ready to move into the iterative development phase. During the
iterative development phase, developers follow a cycle where they develop,
implement, and evaluate to develop and enhance a product that is ready for market.
Once a product is released, the iterative design and development phases continue in
order to continually improve the product and incorporate feedback.

The entire process is focused on developing a series of effective learning events
that are meaningful, motivational, and memorable. These characteristics are often
easily incorporated in games as many of the key game characteristics directly
support them. In addition to these characteristics, learning events are comprised of
four components. The first component is context which provides the background
and setting for the learner’s task. The next component is challenge which defines
the problem the user must solve or the adversity they must overcome. The third
component is activity which is the actual set of actions the user can take in their
attempt to complete the challenge. The final component is feedback which informs
the user about their performance and potentially generates a new learning event
based on the outcome of this current event.

The iMPOS2inG model incorporates aspects of the SAM model to support
player completion of effective learning activity throughout game play.

9.4.2 Overview of a Game Design Model

The U.S. computer and video game market had a revenue of 22.41 billion dollars in
2014 [17]. As the market has grown steadily over the last decade, the emergence of
large studios and distribution companies has steadily followed suit. With so many
commercial developers working to release games, it would seem intuitive that there
would be many models for game design. However, as market-leading games can
take a great deal of time and capital to produce, these studios are hesitant to turn
over their models. Thankfully within the past decade, casual game design models

9 A Framework for Designing Smarter Serious Games 269



have emerged. In general, these models share many aspects and some would argue
that their differences lay in more semantics than functionality. For our intentions we
will identify three models that have been highly referenced and reviewed. These
models are the Mechanics, Dynamics, and Aesthetics model (MDA) by Hunicke,
et al. [18], a model of lenses by Schell [19], and a playcentric approach by Fullerton
[11].

The MDA model was developed using an iterative process through a game
design workshop run by Robin Hunicke [18]. A graphical overview of this model
from [18] is shown in Fig. 9.1. Within the MDA approach, the three design ele-
ments are broken down into specific components based on the interaction between
the rules and the system and focusing on the fact that the result of this interaction
should be enjoyable gameplay [18]. This framework is linear and viewed by
designers and players from different ends of the process. Designers approach the
game starting with Mechanics, while players approach it starting with aesthetics.
From the developer perspective, mechanics would be addressed first as this is
related to the overall structure of the game and how algorithms are developed to
implement the game rules. Next, dynamics focuses on how the elements of the
game and player interact as the game is played and time passes. Finally, Aesthetics
is described by Hunicke as “…desirable emotional response evoked in the player”
[18]. These experiences and responses are a result of the player’s interaction with
the game. Good design would have the goal of evoking these positive responses
from the player. Overall, the three design components are considered as a lens
through which the developer and player view the game. The idea behind viewing
the game through the lens of MDA is to view the game as separate components that
are casually linked.

The lens approach is expanded greatly by Jesse Schell who developed the
second game design model as a model of lenses [19]. Schell lays out a list of
hundreds of lenses that build upon the MDA concept. These lenses present the
design element as a series of questions that are intertwined with what Schell calls
the four basic elements, Mechanics, Aesthetics, Technology, and Story [19]. Schell
has these four elements linked as shown in Fig. 9.2. In this model, the definition of
mechanics is very similar to the definition from the previous model as it states that
the mechanics components consist of the rules and procedures for the game to
function. In addition, Schell’s model highlights that these rules and procedures
should also describe the goal of the game. In this model, a separate story component
is identified where the story is the driving engine that helps to define what
mechanics will be needed. The Aesthetics are similar to the MDA model in that
aesthetics are described as the medium in which the player perceives the game

Fig. 9.1 The MDA model by
Hunicke et al. (source [18],
p. 2)
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mechanics and the story. This naturally includes any sensory perception as well as
emotional response from the player. Schell includes technology as a fourth aspect
and particularly emphasizes that the technology used to deliver the game experience
deserves consideration in its own right. The definition of technology is loosely
stated to encompass anything that can be used to deliver the game experience
including pen and paper, cards, computers, and mobile devices. He states that the
“… technology you choose for your game enables it to do certain things and
prohibits it from doing other things” [19]. These four elements are built upon to
show how each plays a role in the overall process of game design. Similar to
Hunicke’s approach of considering the player perspective, Schell includes an
interpretation of which elements are more versus less visible to the player.

Tracy Fullerton leads the USC game design lab and has developed an approach
similar to Schell’s and the MDA framework. Fullerton’s approach is composed of
three main elements, Formal, Dramatic, and Dynamic [11]. These three elements
share commonalities with MDA as well as Schell’s four elements. Fullerton wraps
up mechanics, logic, rules and procedures into the ‘formal’ element as she agrees
with Schell that these elements are what separates games from other media avenues
[11]. Fullerton combines the aesthetics and story from Schell’s model into her
dramatic element. She expands greatly in areas of what makes a game challenging
and how to incorporate the nature of play into the process. Fullerton’s dynamic
element is similar to MDA, but expands into a description of how defining simple
rules and logic in the formal element can lead to a changing dynamic environment
in which the player interacts. Fullerton presents her model as an iterative game
design model which can be seen in Fig. 9.3.

Fig. 9.2 The elemental tetrad
by Jesse Schell (source [19],
p. 51)
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Each model uses similar constructs but takes a slightly different approach.
The MDA framework focuses on the different ways in which game designers and
players approach the game. A key point from this model is that when designing
games one should truly consider how the player will experience the game. Schell’s
model [19] is a detailed breakdown from a developer’s point of view, where each of
his four elements can be assigned as tasks to various team members. Fullerton’s
approach defines three components that can be reworked in an iterative process.
When considering these three models and factoring in the importance of incorpo-
rating instructional design elements, Fullerton’s approach was selected as a starting
point to build the new framework as it was the most adaptable and allowed the
instructional design elements to flow freely.

Fig. 9.3 Model for iterative
game design by Tracy
Fullerton (source [11], p. 272)
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9.4.3 A Model for a Smarter Serious Game

In his discussion of smart learning environments, Hwang [12] discussed seven
modules that comprise a smart learning environment including a learning status
detecting module, a learning performance evaluation module, an adaptive learning
task module, an adaptive learning content module, a personal learning support
module, a set of databases, and an inference engine. The iMPOS2inG model for
smarter serious games (Fig. 9.4) incorporates each of these modules. Each module
will be discussed in detail below. These modules are not only meant to provide
conceptual modularity, but also modularity in software design. By designing the
code in a modular way, individual modules can be modified much more easily
without greatly affecting other modules.

Capturing in-game actions and events. Every smart learning environment
needs a learning status detecting module. In smarter series games, this is the portion
that allows for monitoring of player actions and detection of in-game events.
Depending on the type of game, this process can be very simple or very complex.
For example, in augmented reality games, the player’s physical movement through
space, geographic location, surrounding objects, and gesture interactions all need to
be tracked. In a physical fitness training game, wearables can be used to monitor the
player’s heart rate, movement, and location. In contrast, for a simple turn-based
game where the player interacts with the mouse, in-game actions would consist of a
player taking their turn or interacting with menus.

Fig. 9.4 Model for smarter serious games incorporating modules needed for smart learning
environment
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Storing User Data. In order to record progress and inform a player model,
player actions and in-game events need to be stored. The simplest way to do this is
using local storage on the user’s device. It is relatively straightforward to store data
objects in a serialized format that can be accessed throughout game play. Local data
storage also has the advantage of allowing users to play without an internet con-
nection. However, storing data locally does not allow players to maintain progress
between devices or provide a backup in case the local file is corrupted or lost. In
addition, locally stored data is inaccessible to game developers. By using one of the
many available online storage systems, developers have access to player data to
monitor player progress, improve game play by analyzing player results, aid in
identifying user reported problems during troubleshooting, and inform a player
model to support an adaptive game.

Player model and inference engine. The gold standard for smart educational
tools is to provide tools that adapt to the learner to support their learning based on
learner characteristics, learning style, as well as past results. This requires a refined
player model that serves as an inference engine where the inputs are information
about the player and player actions and the outputs are in-game events such as
levels being unlocked or additional content and resources being provided.

Individual player information and data. Individual player information needs
to be accessed and stored throughout the game. By centralizing all of this infor-
mation as a single entity that is persistent throughout the game, all other elements
within the game have a single point of reference for the player’s progress, current
status, and progression through the game. Other details unique to a certain serious
game implementation can easily be added to this player model.

Learn, play, assess in the gaming environment. The Learn, Play, Assess
structure mimics a traditional classroom structure where material is presented,
students practice the material, and finally are assessed on what they have learned. In
some smart serious games, these three activities could be carried out seamlessly
throughout game play so that the player is not aware of a transition between the
three. However, the game developer still needs to consciously implement all three.
The Learn, Play, and Assess modes provide the adaptive learning content module,
adaptive learning task module, and learning performance evaluation module,
respectively. Even though in reality these three modes of play may have significant
overlap in keeping with a system dynamics approach, we will discuss each of these
aspects as a mode in which the user is engaged during game play.

User interface. An adaptive and responsive interface is critically important in
serious games as it supports all components of effective learning activities. The user
interface provides context by showing the setting and background and providing the
player with any narrative details. The user interface needs to accurately convey the
challenge to the player and potentially provide clues on how the player can over-
come the challenge. All actions and communication between the player and the
game during the activity phase are provided by the user interface. Finally, feedback
on performance is provided to the user through the user interface.

External and internal learning support. Throughout game play, content
resources can be made available to players to facilitate their learning. In the
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Stern2STEM program, this involves directing users to other program components
including tutoring and advising. However, in general, there is a vast array of resources
available for most topics in education. Simply redirecting student to a short video
example at an appropriate time can be considered incorporating external resources.

9.4.4 The Cycle for Smart Serious Game Development

Now that a model for a smarter serious game has been presented, a process that will
allow for the development of models within that framework is required. A process
incorporating game design, instructional design, and player considerations is shown
in Fig. 9.5.

Environment. The first step in the process is similar to the collection of
background information from SAM. The process begins by identifying and col-
lecting information from subject matter experts (SMEs), target student population,
curriculum and content requirements, and any existing resources including existing
resources that are smart. All this information will be combined to define the
environment within which the smarter serious game will be developed.

(Re)Define. The outset of the project will begin in a Define phase. As wewill cycle
through this phase many times, it will become a Redefine phase that will allow for
updates to the existing definitions from feedback information. During this stage, we
are defining the target audience needs and characteristics. Initially, this may be a
general set of characteristics that will eventually evolve into a playermodel that can be
used in combination with an inference engine to allow the game to become smarter.

Fig. 9.5 Process for developing smarter serious games that fits within an adaptive framework
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The content and overall curriculum goals are also under development during this
stage. Initially, this involves selecting a group of topics at a high level. As the process
continues, determinations are made about which of those topics contain learning
objectives that can be effectively conveyed through game play. Further in the process,
learner feedback will be reviewed to determine if there are topics that are not being
conveyed effectively or additional topics that can be added to further assist learners.
Finally, as part of the game development, the overall game objectives, procedures,
and rules are being defined from both a player and developer perspective.

Develop. Proceeding into the develop phase, development begins on the soft-
ware that will eventually become the completed game. The player model will start
very simply. As more information is collected, the player model will become more
sophisticated with the goal of eventually having a player model that supports an
adaptive learning experience. In addition, content and material development begins
by creating both in-game and external resources as necessary. At this stage, the
structure for the games and user interface is cultivated. As more cycles of the
process are completed, these will become more mature. It is best to follow a
modular design so that items in the user interface can be swapped out and replaced
as needed. In addition, designing games that are reusable for a number of different
topics not only shortens development time, but also decreases the burden on the
user to learn a large number of different modes of play.

Enhance. The key benefit of rapidly developing a playable model is that
feedback can be easily gained from demonstrations and players. During demon-
strations, developers can collect feedback on how easy the controls are to use, if
there is enough direction and help, and what may be frustrating or preventing
players from completing certain tasks. Once there are a significant number of
players, the data collected during game play can be used to inform and redefine the
player model. In addition, the content can be enhanced by reviewing assessment
data to see which topics are being effectively addressed and which are not.

This process is designed to be traversed many times throughout the development
spiral so that feedback can be incorporated to improve the game. By having a
modular framework for the overall game, it becomes easier to modify certain
aspects that may not be satisfactory without having to change the entire game. For
example, if the current data management system is not working, it can be easily
replaced by only changing the parts of the code that are reporting back in-game
events. A good code design will have these items isolated to a few scripts so that the
modifications are minimal.

9.4.5 Focusing on Smartness: How the Framework
Supports Smartness Features

The ability to develop and implement smart serious games as smart learning
environments enhances a smart university’s ability to adapt, sense, and infer to
provide an enhanced teaching and learning experience. These are three of the
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smartness features based on the Taxonomy of Smart Universities developed by
Uskov et al. [14]. Each of these smartness features is discussed as it is highlighted
in the iMPOS2inG model as well as an example game that was developed using this
system. The game highlighted is called MAVEN and was developed to help stu-
dents obtain a better understanding of precalculus topics.

Adaptation. The very purpose of developing a modular framework for smarter
serious game development was to enhance the developer’s ability to modify
existing elements to allow them to adapt to player needs. In fact, adaptation is
highlighted twice in this approach. By using modularity and well-defined interfaces
in the software design, the model itself is adaptable by providing the ability to
interchange various components to better meet the needs of the learners. In addi-
tion, the model provides the opportunity to collect data to inform an adaptive player
model and inference engine that will then be implemented to allow the game itself
to adapt to the needs of individual learners.

In MAVEN, the adaptive model has been used to allow design changes driven
by initial feedback and testing. For example, the original in-game menu user
interface was separated and positioned at corners of the screen. Figure 9.6 shows an
older implementation of the interface with the menu in the top left, help in the top
right, and a back button to return to the main navigation menu in the bottom left. In
addition to this physical separation which required users to interact with different
parts of the screen to conduct menu interactions, the control of these areas was
separated. Changing the menu user interface to one that was more compact and
centrally controlled was made easier due to the modularity of the overall design.
The only components that had to be modified were the menu items and their
interfaces which had been kept simple to support the modular design. The new
compact design is shown in Fig. 9.7.

Fig. 9.6 A scene showing a former implementation of the menu user interface
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Additionally, the player model itself supports adaptation. Currently in MAVEN,
the player model adapts to the player’s performance by only allowing the player to
progress when they have successfully completed previous tasks. During play, the
game is constantly collecting feedback and player data that will allow the game
designers to adapt the player model to be more intelligent as time goes on.
Eventually, it is feasible for the framework to support a player model that adapts the
path of the user through the game based on previous performance as well as
external factors.

Sensing. Since the game is constantly collecting player data, it is continuously
monitoring the actions of the players. It collects data about how and when learners
are using the game. This can contribute to awareness of unique ways in which
students are engaging with the content. For example, a variety of information is
collected as individuals play MAVEN. Initially, players are required to create an
account and answer a series of demographic and educational background questions.
This will allow developers to assess whether or not external factors contribute to the
overall effectiveness of the game. Additionally, each gameplay action in MAVEN
is mapped to a question that the user gets either right or wrong. For example, one of
the games in MAVEN requires players to match the graphs of functions with the
correct category of parent function as shown in Fig. 9.8. The player is presented
with a set of missiles, each displaying a flag that shows the graph of a function.
There is also a set of planes that each display the name of a type of functions.

The goal is to load the missiles on the planes that correspond to the correct
parent function type for the graph. The player controls a cart that they must use to
pick up missiles and transport them to the correct planes. In this game, each time the
player loads a missile they are actually categorizing a function by type. The player’s
action is recorded as the response to a question and scored as right or wrong.
Information about the problem, including the graph of the function, and the player’s
answer, and whether it was correct or incorrect, is stored in a time stamped online
database of player information. This information can be used by developers to
review player performance. It also provides training data for an intelligent player
model and will provide inputs to that model for future players. For example, given
that a player has missed a certain number of questions of a certain type, the model
may recommend they play a different game or provide information on more formal
remediation.

Inferring. In addition to the player inference model which makes inferences to
inform the player’s path through the game, the model can be used in a more general

Fig. 9.7 New menu user interface where menu controls and player status are consolidated and
available in one location

278 K. Smith et al.



sense. For example, by collecting data and pairing it with student data already
maintained by the university, recommendations can be made in order to alert
educators of students that are not performing well in particular areas. These early
alerts could allow interventions that would help the student to get back on track
before it was too late.

Currently, inference is implemented on a smaller scale. The Stern2STEM pro-
gram provides tutoring to on-campus student veterans as well as providing edu-
cation games for their use. While students are being tutored, the tutors will often
encourage them to download the game and play it either in the tutoring center or at
home. The tutors keep a list of the usernames of the students who are being tutored
and monitor student progress through the game to help inform them about the
student’s progress.

9.5 The Model and Process in Action: Discussion
and Supporting Examples

Now that the iMPOS2inG model has been presented and defined, it is important to
demonstrate how it can enhance the development of serious games and help them to
become smarter. Following a discussion of how the framework can be applied, this
will be demonstrated by specific examples using a series of games that were
developed to help military veterans enhance their understanding of precalculus
content through the Stern2STEM program [16].

Fig. 9.8 An example of a game from MAVEN where players practice their knowledge of library
functions by matching functions with their parent type
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9.5.1 Refining the Player Model

At the beginning of a project, game developers are unlikely to have a
pre-developed, sophisticated player model. However, in the early stages of devel-
opment, developers can research to find general information about the target
audience as well as information about the content that can inform a simple player
model. For example, developers may interview potential players to gather infor-
mation or talk to a content expert or instructional designer to determine the best
method or order in which to present content. The simple model developed may be a
linear model that describes a common path that all players take through the game,
progressing only when they master the previous content. As user data is collected
and analyzed, this simple model can be replaced with a higher fidelity model that
allows the game to adapt to the user’s needs based on performance. In fact, multiple
models could be developed and compared to see which best support the learning
goals of the game.

As an example, the Stern2STEM project performed a literature review and relied
on subject matter experts in both the veteran population and academic community
to devise a descriptive set of student characteristics [16]. This set of student
characteristics in addition to information from STEM educational content subject
matter experts helped game developers design a primitive player model at the onset
of development of MAVEN. This primitive player model was used to develop a
linear gameplay progression. An illustrative example of this gameplay is described
below. An image showing one of the content submenus from MAVEN is shown in
Fig. 9.9.

Fig. 9.9 An menu scene from MAVEN which is a serious game developed to help military
veterans obtain a better understanding of precalculus content
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This menu shows that the player has limited access to game areas. This access is
updated based on completion of specific tasks. For example, when the player first
gains access to the Trigonometry Destroyer shown, they can only access the “Learn
Trigonometry!” area. Once they have gone through some content introduction in
this area, they will gain access to the first play area “Track and Hunt Enemy
Planes!” where they will practice the skills they have just learned. They will
continue to play until it is determined that they have mastered the previous content
and are ready to continue learning. This process of unlocking will continue until the
player has unlocked and mastered all available play areas. We can see in Fig. 9.9
that this particular player has one play area left to unlock. Once all play areas are
mastered, the player is assessed to determine their level of understanding of the
content presented in the learn and play areas on this ship.

While this is certainly a primitive model that makes many assumptions about
how the target population learns and employs a simple adaptive approach that is
responsive only to player mastery, the modular design of Fig. 9.4 makes it easy to
interchange a more advanced player model with this one. This simple model allows
the development of the game to move through a full cycle, so that player data can
be collected to inform a more sophisticated model. In addition, it is important to
note that the player’s individual path through the game is associated with the player
profile rather than then overall player model. This is essential as it allows the
individual player’s path to be an output of the player model so that it can be easily
individualized for more sophisticated models.

In addition, the player inference engine has inputs both from the player’s indi-
vidual data including demographics, player progress, and player status as well as
from the game itself. This makes it possible to develop a model that adapts the
game play in a way that takes into account in-game actions, learning styles and
behaviors.

9.5.2 Learn, Play, Assess: Bringing Together Game
and Instructional Design

In the Learn mode, players are presented with content. Technology provides a
variety of ways to present different content including interactive visualizations,
videos interspersed with checks for understanding, and interactive pop ups that
remind players of key principles during game play.

In Play mode, players engage in game play focused on practicing the content
knowledge they are learning. As discussed above, in the Successive Approximation
Module (SAM) for instructional design, effective learning events involve context,
challenge, activity and feedback [10]. Each learning event should be structured to
include these four components while also adhering to good game design. In
Fullerton’s game design model, there are Formal, Dynamic, and Dramatic com-
ponents that must be implemented throughout the game [11].
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9.5.2.1 Structuring Learning Events by Interweaving Instructional
and Game Design

Since the goal of a serious game is to help the player learn, the first focus is on the
four components of an effective learning event and the second is on ensuring that
each of the components needed for game design are incorporated into each com-
ponent of the learning event. This process is described below.

Context. The context is the way that the game is presented to the player. The
Formal elements incorporated in context are the rules and the instructions for the
player to follow. The Dynamic elements of context relate to how the context
changes as the player takes actions within the game as well as the strategies that are
promoted to the player through cues from the context. The Dramatic elements of
context involve the background story and setting for the game. The context is
usually dominated by the Formal and Dramatic elements.

Challenge. The challenge is the problem that is presented for the player to solve.
The Formal element of the challenge is the actual problem itself. The Dynamic
elements of challenge are how the player devises a strategy to overcome the
challenge. The Dramatic elements of the challenge are the visual features and
feedback that help the student recognize the problem they need to solve. The
challenge is usually dominated by the Formal element.

Activity. The activity is the set of actions that the player needs to complete in
their attempt to solve the challenge. The Formal aspect of the activity is related to
the boundaries on the gameplay and the resources the player has available to them.
The Dynamic element of the activity is the set of actions that the player actually
takes as they attempt to solve the challenge. This includes player strategy and
behavior within the game. The Dramatic element includes the visuals that change as
the game state changes. This may be due to a player action or simply the passage of
time within the game. The activity is dominated by the Dynamic elements of game
play.

Feedback. Feedback is provided to the player to inform them of changes in the
game due to player action or the passage of time. For example, if they solve a
challenge successfully, they would be rewarded with positive feedback. If there is a
time limitation, they would be made aware when the time to complete the challenge
was running out. The Formal element of feedback involves the rules for awarding
player score and resources based on how they behave in the game. The Dynamic
aspect of feedback focuses on the relationship between game and the player. For
example, if a player fails to solve a challenge, they receive an indication that
encourages them to modify their strategy. The Dramatic element of feedback
includes visual effects, sound effects, and text or narrative feedback that result from
a player’s action during activity. The feedback component is dominated by the
Dramatic elements of gameplay.
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9.5.2.2 An Example Learning Event

Following this general overview of how instructional design and game design are
interwoven throughout learning events, it is helpful to go through an example of
learning events in a game that follows this model. For this example, the focus will
be on the game shown in Fig. 9.10 which shows a serious game designed to help
players practice their manipulation of trigonometric identities.

Context. The player is presented with a set of missile expressions. Each missile
type has a different trigonometric expression and limited ammunition. In addition,
there are ships positioned on a grid. Each ship has between two and four targets,
where each target is associated with a trigonometric expression. The Formal ele-
ments are the defined rules of gameplay that stipulate that the player is able to cycle
through their missile expressions and search through the target expressions. In
addition, the restricted number of missiles is also a Formal element in that it places
a resource restriction on the user. The Dynamic elements are involved with the
ability of the player to cycle through the missile expressions and search through the
ships to find target expressions. The player has a choice between keeping a set
missile expression and selecting different ships, keeping a set ship and cycling
through missile expressions, or some combination of the two. Each of these
strategies may result in varied degrees of success. The Dramatic elements are the
background story and setting. In this game, the player is attacking enemy ships in
an attempt to protect their own ship. They can see their battleship in the foreground
while hunting through the open ocean in the background.

Challenge. The player needs to fire missiles at targets that match the missile
type. A match is determined by whether or not the trigonometric expression

Fig. 9.10 An example of Play mode in a serious game designed to help players practice their
knowledge of trigonometric identities
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associated with the selected missile and target are mathematically equivalent. This
defines the Formal element of the challenge by formally identifying the problem.
The Dynamic element focuses on how the player changes their strategy to address
this challenge. For example, they may at first try to only cycle through the missile
expressions while focusing on a single ship, but find that this takes a long time
because there are a small number of target equations on each ship and most of the
missile expressions will not match. They could adapt their strategy to better address
the challenge. The Dramatic element of the challenge is how the challenge is
interwoven into the narrative. In this game, the player needs to sink ships.

Activity. The player can cycle through missiles and search through various ships
to find a match. They must use algebraic manipulation and trigonometric identities
to decide if they have found a match. Once they have found a match, they indicate
their answer by clicking on the target expression. The Formal aspect is the set of
affordances and limitations that are placed on the user’s activities. They can use the
arrows to cycle through expressions and click to select different ships. However,
their actions are limited to the number of ships on the game board and the number
of missiles remaining for each missile expression. The Dramatic element is revealed
in how the player interacts with the game. Their activities during game play and
behaviors are both Dramatic elements. The Dramatic element is how the setting and
user interface change as game play moves forward. In this case, the expressions are
different on each ship and the player can see which targets they have already hit.

Feedback. Once the player fires a missile, feedback is immediately provided in a
number of ways. The Formal aspect defines the rules by which a hit or a miss is
awarded to the player. In addition, the rules for the number of points awarded for
each hit and how ammunition is removed are Formal elements. The Dynamic
element involves how the player may modify their strategy based on the feedback.
For example, if a player got a hit, they may look to see if there are any other target
expressions that are the same as the one they just hit. The Dramatic element is
revealed in the way the sound and visual effects are used to indicate the result of the
player’s activity. In the event of a hit, an explosive sound effect is triggered, the
target expression is replaced with “Hit!”, and the player is rewarded with an
increase in score. In the event of a miss, the player hears the missile splash into the
water near the target and “Miss!” is displayed in the text feedback area directly
above the missile expressions. In addition, feedback on overall progress is dis-
played at the bottom right of the screen showing a green segment for ships that have
been sunk and a red segment for ships that are no longer able to be sunk due to a
lack of ammunition.

Assess mode evaluates the player’s content retention over a range of previous
topics. The assessment could be built into game play, take the form of a more
traditional test, or be presented sporadically throughout game play for players to
earn bonus points.
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9.5.3 Topic Selection: Focusing on Topics Appropriate
for Gaming

While topic selection may at first seem like a purely instructional or top-level
project consideration, game developers quickly realize that their input in topic
selection can have a large effect on the overall success of a serious game. Because
of the time and expense required to develop a serious game, it is first important to
narrow down the list of topics to those that students struggle with that are not
appropriately addressed by existing methods. If there is no demand for a new way
to teach a certain topic, developing a game to do so will have little chance of being
successful. Once the list of topics has been narrowed to a subset, the game
developers need to consider how effectively the content can be conveyed within the
confines of a game. Sometimes this takes more than a little imagination; but making
sure that the game play is well designed and based solidly in the content is
important [20]. In a traditional classroom, getting students to do their homework is
a constant struggle; however, one of the main assets favoring gamifying education
is that when students are engaged in game play, they are effectively practicing
skills. Whether they are practicing skills through homework or game play, the
outcome of practicing and engaging with the material is the same [21].

The list below defines a set of criteria that are important in selecting content
areas which can be successfully incorporated into games. While it is not necessary
for each topic to meet all the criteria, identifying topics that meet most of the criteria
helps to narrow the range of topics to those that are more easily adaptable to being
presented through game play.

• The topic is not satisfactorily addressed by an existing resource.
• There is a known deficiency in the understanding of the topic in the target

population.
• The topic would be enhanced by interactive visualizations.
• The topic involves some process of cause and effect that is not easily visualized

by traditional methods.
• The topic involves a learning process that can be broken down into manageable

steps that can be turned into effective learning events.

It is important to note that some topics may not be covered completely by serious
games. However, taking the most common stumbling block in a process and cre-
ating a game around that portion can help students gain the skills and confidence
they need to learn the rest of the topic by more traditional methods. Game designers
should not be afraid to mix serious games with external resources to present the
student with the best possible learning environment. In fact, one of the key features
of a smart learning environment is that it provides timely access to external
resources to promote student understanding.

Example topic selection. Students in precalculus traditionally struggle with
graphing using transformations. This topic is particularly important as they move on
in mathematics as more advanced courses are often dependent on student
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understanding of how functions change. The existing method to teach this in the
classroom is to process the function transformations one at a time and move the
individual function points. This leads to difficulty for the students as they attempt to
visualize the overall function transformations. This topic meets all five of the
conditions above.

In order to address this topic, an interactive game has been developed. This game
is shown in Fig. 9.11. This game will be presented in terms of the components of an
effective learning event to give another example of how to apply the iMPOS2inG
framework. After giving this overview, emphasis will be placed on the components
that make this game a good match for the selected topic.

Context. The player is presented with two graphs that are identified as paths for
their ship to take through the ocean. The darker grey path is the desired path while
the lighter gray path is the route that the player is charting. The equation for the
lighter gray graph is shown at the bottom of the screen.

Challenge. The player needs to choose the correct parent function from the grey
area and the correct equation coefficients to match the lighter gray graph to the
darker grey graph. There is limited time as the ship is already traveling along the
path.

Activity. The player can use the toggle menu to the left to select the correct
parent function. Then, the player can use the up and down arrows to increase or
decrease the values of the four coefficients in the equation to modify the graph to
match the target graph.

Feedback. Every second, the player is awarded points based on how closely their
graph matches the target graph. These points are shown using score pop-ups. This
rewards players for working more quickly. In addition, players can see how close

Fig. 9.11 A serious game that helps students learn about graphing by transformations
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their graph is by viewing the bull’s-eye pattern at the bottom right that indicates a
percent match between the two curves.

This game overcomes deficiencies in the traditional method of instruction by
allowing the player to manipulate the equations themselves and immediately see
how their changes affect the graph. This is a quicker way for them to understand the
function behavior than graphing by hand. Once they have a firm understanding of
the effects of changing the different coefficients, they will be better equipped to
move to the next learning objective which would be sketching the graphs by hand.

9.6 The Model and Process in Reflection: Discussion
and Lessons Learned

9.6.1 Broader Applications

Though the game used as an example in this work was developed to help learners
master precalculus skills, the overall framework and model developed can be used
to develop games for a variety of disciplines. Particularly, it would be easy to
extend the model to cover courses that are problem solving focused since the model
depends on mapping in-game actions to questions that can be scored as either
correct or incorrect. Examples of subjects that meet this description include cal-
culus, physics, chemistry, statics and dynamics. Students in all of these subjects
traditionally have difficulty visualizing problems and situations that arise, and a
virtual interactive environment would therefore support learning.

In fact, if a series of interconnected games were to be developed, instructors
could use a similar environment across a range of classes while receiving feedback
and early warnings when students were struggling with particular sections of
content. Stretching this idea further, virtual and augmented laboratories could be
incorporated as well to bring students a common virtual experience that would
allow them to engage with a number of smart systems as they completed their
coursework.

One thing that is interesting about the overall process is that it is general enough
to be applied to a variety of courses at a smart university. Though some of the
games developed for MAVEN are specifically tailored towards precalculus or
mathematics content, other games could easily be modified to include material from
a variety of subjects. For example, the destroyer game shown in Fig. 9.10 is used to
help students learn how to solve trigonometric identity problems. However, the root
game play action is matching. Therefore, any class which poses questions that can
be expressed in a matching context can be employed in this game. This includes a
variety of subjects including science, history, and business.
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9.6.2 Comparison to Existing Products

At this time, there are no other serious game in mathematics for higher education
that truly incorporate mathematics into gaming. There are other excellent interactive
mathematics resources, but they are mainly sources of content with interactive
questions interspersed. Khan Academy [22] is one excellent example of an inter-
active educational tool that is available on a wide variety of devices and presents a
broad range of topics including precalculus and calculus. Khan Academy presents
content mainly as videos with some typed notes interspersed. Students are invited to
practice what they have learned by completing questions between videos. There are
a variety of question types, including multiple choice, text entry, and a graphing
utility. Even though Khan Academy provides some aspects of gamification
including badges and achievements, it is not technically a game. Serious games,
such as the one developed here, complement the existing content resources by
encouraging students to engage in practice in the form of gameplay.

9.6.3 Lessons Learned

Throughout the development of this process and framework, there have been quite a
few bumps in the road. By being fastidious about employing modularity to both the
conceptual and software design, the flexibility required to adapt to changing
requirements and incorporate feedback along the way has been maintained. In this
section, a discussion of several issues that were encountered and how these issues
were surmounted will be provided.

9.6.3.1 Developing and Integrating External Tools for Equation
Display

The first issue was the display and manipulation of symbolic expressions and
graphs. The solution was to develop a custom toolkit to support the development of
the games [23]. Once this toolkit was implemented, it underwent many revisions as
more content was continually added to the game. By having a modular design
where the toolkit was only accessed through a single problem generating script, the
ability to make changes easily was preserved. In fact, even switching to another
tool, if required, would not have been difficult. In addition, there were instances
where real-time player interaction with functions was required. Because the toolkit
was calling Python scripts from the game, the implementation was not fast enough
to provide the desired real-time performance. In these instances, custom solutions
were developed while only modifying the interface between the problem generating
code and the specific game under development.
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9.6.3.2 Using Modularity and Communication to Support
Collaboration

Another issue encountered was with version control. A common problem in game
development is the handling of asset files by version control software. The solution
to this turned out to be a combination of modularity and communication. Before the
framework presented in this chapter was being utilized in the project, an unsuc-
cessful attempt was made to implement version control. This led to a great deal of
copying files, sending updates back and forth through email, and a significant
amount of repeated work. Since the framework has been implemented and project
components have been carefully set up to be independent, different developers are
able to work on different aspects of the project simultaneously. As long as there is
good communication in place, there are very few issues merging after modifying
asset files in binary format. One of the keys to this success has been the use of
Bitbucket [24] as a cloud hosting service for the entire project. Using
Bitbucket along with the git bash terminal rather than a git tool that had a graphical
user interface, provided a high level of control when merging files which prevented
many issues.

9.6.3.3 User Interface Redesign and Implementation

Another issue faced involved the user interface. Initially, the assumption was made
that the user interface would be essentially the same in every scene, so that it would
be smart to have it be one consolidated piece where individual components could be
turned on and off. This design seemed modular at first because the components of
the user interface were all together. However, over time the user interface became
unwieldy to work with and modify and was a bottleneck in the work flow. Looking
back at the overall framework, there was not enough separation in this original
model. While the user interface can be viewed as one component, different pieces of
the user interface are intimately involved with different modules in the framework.
After this realization, it made much more sense to break the user interface into
functional pieces that were associated with different framework modules. This
current implementation has a player menu, feedback menu, and user input menu.
Each of these menus is highly customizable and closely tied to the module it is
associated with rather than being tied to other user interface elements.

9.6.3.4 Integrating an External Player Data Management System

Data management also became a problem early on. Initially, all of the player data
was kept locally on the user’s machine, but this limited the model use case and
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jeopardized the player’s experience by prohibiting developer access to player data
and not allowing players to maintain progress between devices. As the development
of MAVEN continued, this concept was partially reworked as the decision was
made to host player data on a server so that the players could access their own data
from different devices and the developers had access to player data to allow for
analysis that would lead to game improvements.

This solution was implemented quickly by taking advantage of the existing
project web hosting services and using a Wordpress plugin within the development
engine. It turned out that this setup is limited and should only be used for small
amounts of player profile data including email, player avatar name, and other
non-duplicate data structures. The approach does not work well for storing data that
is generated from in-game actions and events because of the sheer quantity of data
generated during play. Since a great deal of data needed to be collected in-game to
improve the game and eventually inform an adaptive player model, alternative
solutions were considered. A better approach is to use a system that stores data in a
relational database system. This allows not only for the storage of data, but the
eventual retrieving and processing of data to inform developers based on user
progress and actions. While there are many existing services that would meet the
project needs, one example of a suite of packages that addresses data management
problems is Amazon Web Services (AWS) [25]. A major benefit of these services is
their ability to be integrated with existing social media sites where users may
already have accounts. This can be vitally important to retaining users and being
able to compare various user player data models. The combination of offloading
data management to a system like AWS and using a complementary social media
platform allows more interaction among players and allows us to take advantage of
leading cloud storage systems. The cloud model is an industry standard in software
development as it provides the developers with an enhanced package of tools, takes
advantage of economies of scale, and automatically adjusts to handle various user
capacities. Players will be able to log in from a wide range of platforms and
experience the same result.

In particular, cloud based storage systems offer the opportunity to use their
services to handle data management, employ industry standard encryption for user
data, integrate social media platforms, broaden the user base, and importantly build
a complex system of player data models. These player models can take advantage
of leading technology trends in machine learning, adaptive learning, and smart
learning models. Using a cloud based relational storage system in combination with
an accurate player model can provide developers and educators with valuable
information and allow that information to inform complex player models that will
provide players with the smartest player model. This player model can dynamically
adapt to the player’s current level of knowledge. Figure 9.12 provides a visual
representation of how these updated services would connect into the existing
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model. The overall conceptual model does not change, but the modular components
are replaced to provide a smarter learning environment.

9.6.3.5 Game Manager Implementation

The final lesson learned was about overall game control. Since the design is
modular, it makes sense to have a state machine that can transition the game
between a set of known states. This allows for events that are common for all
modules to be centralized while individualized events can be handled by their
respective modules. These states are easy to implement from a single script and it is
relatively simple to add another state should the need arise. Currently, MAVEN has
the following six states:

• Initialize: Allows for initial variables to be set at the beginning of a menu or
game. The online data functions that need to be called at the beginning of every
game are centralized.

• Warm-up: Allows for a variable length pause between player entry into a scene
and the start of a game.

Fig. 9.12 Using the model for smarter serious games incorporating AWS service modules needed
for an adaptive, smart learning environment
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• Demo: Incorporates the use of guided prompts to instruct a user in how to play a
certain game.

• Play: Regular mode of play where the user is completing learning events.
• Menu/Pause: Allows the game to pause and open the menu at any point. Allows

for central handling of pause and menu functions from any scene.
• End: Allows for a common end to each game where a round over menu with

feedback on the level just completed and navigation buttons is presented to the
player.

Centralizing the transition of these events to a single game manager which
interfaces with individual game controllers in every game has proved to be a
successful way to handle transitions between states as well as assisted in getting
new games up and running quickly by handling the common events that occur in
every game.

9.7 Conclusion and Future Work

In this chapter, instructional design and software design models have been com-
bined into a novel modular framework and accompanying development process
aimed to facilitate the design and development of smarter serious games. Under this
framework, each smart serious game can be viewed as a smart learning environment
that enhances the smartness of an overall university by contributing to the devel-
opment of individual smartness features. In addition, this framework and process
have been demonstrated through their application to the development of an
evolving serious game designed to assist military veterans in enhancing their
understanding of precalculus topics as they return to pursue engineering degrees.
This process demonstrates how to maintain a focus on the target player population,
instructional design principles, and game design principles in order to develop a
serious game that has interchangeable components to facilitate continued
enhancement and development over time.

In the future, additional data will be collected from this game and others
developed using this framework. It will be particularly interesting to perform an
efficacy study and then incorporate the results back into the games that have been
developed. In addition, future work will include incorporating additional elements
that are known to engage users in game play, such as high score boards to facilitate
competition, additional rewards including unlocking special items for successful
game play, and interactive in-game assistance to provide just-in-time learning
during game play. Additionally, it is of interest to further modularize the user
controls in order to modify controls by player preference for a variety of devices
and to address accessibility concerns. Finally, the work will be continued by
developing additional games within STEM fields including calculus, physics, and
chemistry.
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Chapter 10
Using a Programming Exercise Support
System as a Smart Educational
Technology

Toshiyasu Kato, Yasushi Kambayashi and Yasushi Kodama

Abstract During the completion of programming exercises at higher educational
institutions, students typically must complete the assigned exercise problems
individually. While there are certain students who can easily solve the problems
independently, many students require too much time to do so. For this reason, most
institutions use teaching assistants, or TAs, to help teach programming classes. In
this chapter, we propose support functions to assess the learning conditions of a
programming practicum. The aim of these functions is to reduce the burden on
instructors by supporting the assessment of learning conditions in order to improve
the quality of instruction. In the current study, we have designed support functions
to assess learning conditions for a support system. We also conducted experiments
in actual classes to assess the results. We propose three functions for a program-
ming exercise support system. The first function is to support teachers with the
analysis of students with common problems. The second function is to support
teachers with the analysis of students who are having difficulties. The third function
is to provide TAs with the features of students’ programming behaviors. We have
developed smart educational environments through these three functions of our
programming exercise support system. The system has successfully supported
instructors and TAs in their provision of smart pedagogy for students.
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10.1 Introduction

Higher education institutions use various learning management systems for
laboratory-style lessons [1, 2]. In addition, researchers have conducted studies to
analyze the learning histories stored in such learning management systems [3, 4].
When doing programming exercises, students independently complete the assigned
problems. While there are certain students who can easily solve the problems
independently, there are many students who require much time to solve the same
problems [5]. In order for an instructor to effectively support students’ problem
solving, the instructor is expected to not only answer the questions from the stu-
dents, but also understand which particular students really need help [6]. The
instructor needs to understand which students need assistance, what kind of
assistance is needed, and in what situations it will be most effective [7].

As for the current state of programming exercises for entry-level classes, the
number of instructors and the number of TAs are limited [8]. The instructor can
recognize the learning situations of students from observing their computer screens;
however, accurately assessing the work progress of the class as a whole as well as
each student’s individual learning needs are two completely different tasks.
Assessing student’s individual learning needs is difficult to achieve. Instructors can
encourage students to raise their hands to indicate their need for help or check
student submissions of the assigned problems. This method is inefficient, though,
because it takes a lot of time when the number of students in the class is large.

This chapter presents the learning situation awareness functions of the
Web-based learning management system for the implemented programming exer-
cises. This function enables instructors to assess the learning situation of each
student. This cannot be understood by simply viewing a student’s computer screen.
The proposed functions present the information necessary for the instructors to
guide each student individually. The instructors and TAs can assess the learning
needs of each student and give appropriate guidance according to the information
that the function provides.

In order to implement the given function, we performed a requirements analysis
of the programming exercise designated for learning situation awareness. Next, we
executed the design and implementation of the function on the basis of previous
investigations. The assessment of student learning situations is generally performed
in a face-to-face manner. Therefore, the present study extracted the functions from
the requirements analysis that assesses the student learning situations during a
regular, face-to-face class. In addition, the authors clarified that the problem of the
present study is the techniques used in previous studies. The present study requires
the use of a learning management system that can collect student learning history
data in real time.
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10.2 Literature Review

Kurasawa [9] developed a support system for assessing learning conditions that
provides instructors with information regarding students with common problems. It
collects the compiler history and, from the analysis of trends in past compiler errors,
it estimates and aggregates the locations and causes of errors. By supplying the
instructor with error messages, the number of errors, their causes, and error syntax,
the instructor can receive information on students’ common problems. This, though,
requires analyzing and preparing error cause candidates beforehand and, as the
instructor must analyze error causes, it adds to the workload of the instructor.
Moreover, it is limited to whole-class instruction and does not provide information
regarding individual students. Individual learning is fundamental in programming
practicums and information necessary to individual instruction, such as student logs
and repeated mistakes, is indispensable. In the present study’s proposed method,
error analysis takes place automatically. There is no need for the professor to do any
work. Furthermore, it assesses and displays assessments of common student
problems as well as individual solution histories to allow for both class and indi-
vidual instruction.

Higher education institutions could harness the predictive power of CMS data to
develop reporting tools that identify at-risk students and allow for more timely
pedagogical interventions, as well as which student online activities accurately
predict academic achievement [1].

Colthorpe [10] investigated the relation between the presence of self-reflection
based on material access and the report date of Learning Management System
(LMS) submission. Students that reported reviewing lectures as a learning strategy
were more likely to access the online lecture recordings, but higher access was
actually associated with poorer academic performance. Cluster analysis of all
available data showed high academic performance was positively associated with
early submission of intra-semester assessment tasks but negatively associated with
both the use of, and the reported of use of, lecture recordings by students.
Therefore, using an online test enables more realistic feedback.

Research on the assessment of programming behaviors includes debugging
training, programming tutorials, and error analysis. Ryan [11] studied how to
improve student debugging skills. He constructed a model from debugging and
development logs. He also found that students could improve their debugging skills
using the model. The present study also analyzes debugging logs and other pro-
gramming records.

Alex [12] proposed employing tutors to support students in developing programs
step by step. The tutors examined students’ processing and monitored whether they
were on the right track. Students received advice when their programs were
incorrect. For example, the tutor provided hints to students on how to refactor their
programs. The present study builds upon this work by using TAs to provide stu-
dents with problem-solving techniques to solve their own problems.
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Serral presented a synthesis and update of a long-term project that addressed this
challenge in the context of conceptual modeling by developing SAiLE@CoMo, a
smart and adaptive learning environment [13]. By crafting innovative process
analytics techniques and expert knowledge on feedback automation,
SAiLE@CoMo automatically provides personalized and immediate feedback to
learners. This research will deal with the problem of feedback deficits reported by
students and will significantly alleviate teacher effort. This leaves the instructor
more time for in-depth discussions with students.

Truong’s paper described a “fill in the gap” programming analysis framework
that tests students’ solutions and gives feedback on their answers, and detects logic
errors and provides hints as to how to fix them [14]. The framework makes use of
client-server communication architecture. This is where the execution of students’
programs takes place on their own machines while the evaluation is carried out on
the server. With this framework, teachers can immediately confirm changes to
program sources.

In light of the abovementioned research, we are able to assess student work
progress from the start of the exercise to the submission of their work. The purpose
of this is to find students with ongoing errors at an early stage. In addition, we will
be able to grasp the compilation errors occurring throughout the entire class without
requiring faculty error analysis. The reason for this is that the teacher must analyze
all of the errors if a single student generates multiple errors at once. Furthermore,
we are able to notice the students who are behind in their work in relation to the
whole class. This can help find and instruct students who are not progressing even if
no error has occurred.

Smart education is rapidly gaining popularity among the world’s best univer-
sities because modern, sophisticated smart technologies, smart systems, and smart
devices create unique and unprecedented opportunities for academic and training
organizations to improve their educational standards [15].

The smartness level here is the discovery of students experiencing difficulties
with a focus on assessing individual learning situations in detail.

10.3 Research Design and Research Objectives

A teacher can more accurately assess student progress on learning tasks and provide
feedback when using smart educational technology. This creates a smart learning
environment [16] for students.

10.3.1 The Problems of Programming Exercise Support

In programming exercises, each student must individually tackle the assigned
problems. The progress of each student is very different and depends on their skill
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levels [5]. An inefficient programming mode is generally the main reason a par-
ticular student cannot progress. This student occasionally comes to a standstill and
does not know what to do next. Such students can often become unmotivated [7]. In
programming exercises, it is important to identify these students during the early
stages of the exercise.

In the programming exercise, the instructor and TAs go around to students’
consoles. Even in this situation, it is not easy for the instructor and TAs to deter-
mine which students need extra assistance [17]. The instructor and TAs check
students’ progress through submitted programs and the students’ screens; however,
the number of TAs is limited. They are always too busy to check simple errors. We
have to rely on the instructor’s teaching experience and intuition to solve the
problems of individual students [7]. The instructor and TAs answer students’
questions as needed. The instructor teaches the class based on the information they
have collected from individual student cases. The instructor must advise students
when it comes to challenge topics and how to understand the learning method [17].

The objective of the learning management system for programming exercises is
to reduce the workloads of the instructor and TAs [18, 19]. The function of the
system is composed of the functions of the instructor and students. Figure 10.1
shows the basic functions of the programming exercise support system.

• Functions of the instructor:

– Exercise making: the question contents and the date of setting questions are
input and registered.

– Exercise demonstration: the specified exercise at the date of setting questions
is presented.

• Functions of the students

– Exercise receipt: the exercise is selected and the development of the answer
begins.

– Program edit: the answer program to the exercise is edited.

Fig. 10.1 Functions of the programming exercise support system
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– Temporary preservation: the answer program is temporarily preserved.
– Compilation: the answer program is compiled and it presents the results.
– Execution: the answer program is executed and presents the results.
– Answer submission: the answer program is submitted and the exercise is

complete.

10.3.2 Request Analysis for Smart Classroom Realization

In order to utilize a smart classroom for programming exercises, the following three
principles of instruction should be followed [20, 21]:

(1) Assess each individual student’s progress toward the learning target. The
objective is to consider subsequent lesson plans for each student based on his or
her current problems.

(2) Assess each individual student’s understanding of the learning content. The
objective is for the instructor to recognize the exact area where the student is
having difficulty so that he or she can arrange the guidance contents.

(3) Assess each individual student’s difficulties. The objective is for the instructor
to recognize where each student is having problems so that appropriate
instruction can be provided.

As for the proposal of the present study, we set three functions listed below on
the basis of the principles of pedagogy.

Work progress sum function. The work progress sum function presents the
achievement situation of the learning target as work progresses in the exercise. The
learning target of the programming exercise is to solve the exercise. The achieve-
ment situation refers to the advancement towards execution and compilation of the
exercise. The work of the programming exercises is as follows:

1. The answer begins
2. Input and compilation of the program
3. Confirmation of compile errors
4. Execution
5. Confirmation of execution results
6. Submission of exercise

The reason for this function is to understand the work progress of students on
exercises in class. Moreover, the function should be suitable for the intention of the
exercise. This function checks the answers and detects mistakes in the execution
results.

Error classification sum function. The error classification sum function
assesses student understanding of the learning contents as an error status of the
class. The reason for this is that the error of understanding of the shortage and the
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programming is the same. The goal of this function is to identify any common
errors occurring in the class.

Work delay detecting function. The work delay detecting function shows
delays in the completion of students’ work. The purpose of this function is to
inform instructors of which students are slow or late in completing the exercise.

10.4 The Function of Assessing the Learning Situation
of the Class

This function is a work progress sum function and an error classification sum
function. We first designed the function, then defined the algorithm, and then
completed the mounting.

Work Progress Sum Function
Function design
The objective of the work progress sum function is to present the number of

students that have completed the exercise at any time. The previous work is
specified for one work [12]. Therefore, the technique was not applicable to the
entire exercise. The present study was designed to assess student progress at each
step of the exercise. The proposal function presents the sum result at each work
completion time. The instructor modifies the instructions based on the display
contents. Therefore, the contents include work completion time, matriculation
number, name, and seat number. This information is input at the login of the
learning management system.

Work completion with correct answers is defined by the presence of the correct
answer according to the correct answer judgment. The correct answer judges the
student’s execution result, the instructor’s execution result, and the keyword. This
is done according to the timing of the students’ execution of the program. The
function then presents the presence of the correct answer or the incorrect answer
and the keyword. The work progress sum function calculates the number of
incorrect answers and the number of correct answers. The instructor only prepares
the example answer program and the keyword. As shown in the following example
of correct answer judgment, the correct answer is “for” in the answer program and
55 of the execution result. “The total from 1 to 10 is output by the use of the ‘for’
sentence.” This correct answer judgment can be applied to the exercises that obtain
the output result and ask for the grammar.

Algorithm

1. The function initiates the processing by the instructor’s access.
2. Each work completion time of the class set is input.
3. The number at each work completion time is totaled.
4. The total number of each work is output.
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User Interface
Learning situation screen (displayed in Fig. 10.2): This shows data for each

student’s work at the beginning, compilation, execution, correct answer, and answer
submission stages of the exercise. When the number of presented items is clicked, it
shifts to the learning situation screen according to the classification.

Learning situation screen according to classification (displayed in Fig. 10.3):
This shows students’ matriculation numbers, names, seat numbers, and work
completion times that come under each item of the learning situation screen.

Error Classification Sum Function.
Function design
The objective of the error-classification sum function is to present the result of

the error classification from the student’s program and the error message of the
compilation. The previous work will prepare the error factor and the error pattern
[9, 11]. Therefore, the present study was designed to identify student compilation
errors without requiring these analyses. The proposal function presents the sum
result of the error classification. The error classification presumes the place of a
common compile error. The number at the head of the error corresponds to the line
number of the example answer program (hereafter, correspondence line number).
Because the first error leads to other error factors, the error of the head is targeted.
The object language of the error classification uses the same Java language as the
lesson of the assessment experiment. The analysis object of the error classification
is a compile error of the student who does not arrive at execution. This is because it
acquires the error that occurs when performing the function. The reason to assume
the analysis object to be a compile error is that there is a necessity for the guidance
of the instructor in the programming exercise [7].

Fig. 10.2 Work progress displayed on the learning situation screen
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The error classification method uses the difference of the text by diff [22] in
UNIX. The line can correspond. “Diff-b answer program example answer program”
of the command in the diff is space and a tab by one and counted optional-b. This
method can be classified as an error to which the error of a different line is common
in two or more programs. Moreover, the correspondence line number is “Line of
error line c example answer program of the answer program” in the result of diff.
Therefore, the proposal function can identify the error in the line number and types
of classes regardless of the way the answer program is written. This error classi-
fication can be done according to the line number and the error type in the error
message. Therefore, this can also be applied to C language, C ++ language, etc.

Algorithm

1. When the instructor accesses the function, it initiates the processing.
2. Input of answer program, error message, and example answer program.
3. The first error line number and the error kind are extracted from the error

message.
4. The correspondence line number of the example answer program corresponding

to the error line is extracted.
5. If the correspondence line number does not exist, the correspondence line

number is assumed to be unclear.
6. The correspondence line number and the error type of pair are output.

An example of executing the error classification follows. Figures 10.4, 10.5,
and 10.6 show examples of the answer program, the error message, and the
example answer program, respectively.

1. The instructor accesses the error classification sum function.
2. Input of answer program, error message, and example answer program.
3. The “11” of the error line number and error kind of “‘;’ expected” are extracted

from the error message.
4. Correspondence line number “7” is extracted from the answer program and the

example answer program.

Fig. 10.3 Learning situation screen according to classification
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5. Because the correspondence line number exists, nothing is done.
6. Correspondence line number and error kind of “7 ‘;’ expected” are output.

The line numbers of Figs. 10.4 and 10.6 provide additional explanation. This
technique does not target an irrelevant character string in the error line. Therefore,
this can display the tendency for compile errors.

User Interface
The learning situation screen (shown in Fig. 10.7): The correspondence line

number and the kind of error pair are displayed in the order of the sum number.
When the number of presented items is clicked, it shifts to the learning situation
screen according to the classification. Refer to Fig. 10.3.

Fig. 10.4 Answer program

Fig. 10.5 Error message

Fig. 10.6 Example answer
program
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10.5 Function to Assess Slow or Late Students

The method of achieving the function designs the function of the work delay
detecting function. Afterward, the algorithm is defined and mounted.

Work Delay Detecting Function
Function design
The objective of the work delay detecting function is to detect the students who

are behind. The pattern of the work delay is prepared during previous work [8].
Therefore, the present study detects the student who submitted their work late
without requiring the pattern of the work delay. The proposal function detects
students who have not finished working when the time expires. The function per-
formed statistically labels these as outliers for the distribution of the class at the
work completion time. The reason at a time now is that there is no work time data
for the students who have not worked yet. Therefore, the student for whom work is
late is shown at the time of the outlier. The detection by the outlier function also
used the threshold method. This method is problematic, though, as the delay of
continuous work is detected without fail according to the work time. The instructor
should instruct only the students who are working slowly [23].

Analysis methods of the outlier use the Smirnov-Grubbs test to consider the
delay of work to be an outlier by the elapsed time of work [24]. The
Smirnov-Grubbs test is a technique for giving official approval of the maximum or
minimum value. Figure 10.8 shows an actual class distribution of the answer
beginning, compilation, execution, and submission during the laboratory class. The
present study assumed a normal distribution of added time at the completion time of
work, as shown in Fig. 10.8. The outlier at a time now can define delayed students
who have not yet begun working. This detection can present students who are
behind in their work progress because it changes the amount of detection due to an
increase in the problem presenter.

Fig. 10.7 Error classification sum on learning situation screen
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Algorithm

1. When the instructor accesses the function, it initiates the processing.
2. Input of work time set and significance level and time now.
3. The time now is added to the work time set and the outlier is analyzed.
4. The coming off standard value is calculated from the number of the Smirnov

dismissal authorization table and work time set.
5. The test statistic of each work time is calculated.
6. The maximum value of the test statistic is extracted.
7. The maximum value of the test statistic comes off and, if it is larger than the

standard value, the work time is assumed to be an outlier.
8. This algorithm is ended if the outlier is not time now.
9. Information on students that the work time does not exist in the work time set is

output.

An example of executing the work delay detection is as follows. The submission
time set is shown in Table 10.1 as an example of input data.

1. The instructor accesses the work delay detecting function.
2. It is assumed “17:38:25” of time now and the work time set. The submission

time set and the significance level “5%” are input.
3. The time now is added to the work time set.

Fig. 10.8 Distribution of
work time

Table 10.1 Submission time
set

Students Submission time

A 17:09:00

B 17:12:00

C 17:12:40

D 17:15:10

E 17:16:13

F 17:21:40

G 17:25:10

H –

I –

J –
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4. The coming off standard value is from a Smirnov dismissal authorization table
to “2.032” when the number of work time sets is 8.

5. The test statistic of each work time is requested. Table 10.2 shows the test
statistic of the work time set.

6. The maximum value of the test statistic is “2.064” at the time now.
7. The maximum value of the test statistic comes off and the time now is assumed

to be an outlier because it is larger than the standard value.
8. The outlier is next at time now.
9. The matriculation number and the name of student “H, I, J,” who does not have

the work time, are output.

Tables 10.1 and 10.2 arrange the time in ascending order for explanation.
Students who have not submitted their work receive a “-”. Moreover, expression
(10.1) shows the test statistic using the Smirnov-Grubbs test. t of the coming off the
standard value of Smirnov-Grubbs test is the number n of specimens, significance
level a, and a/n � 100 of t distribution of the degree of freedom n-2.

s ¼ n� 1ð Þt
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

n n� 2ð Þþ nt2ð Þp ð10:1Þ

User interface
Learning situation screen (shown in Fig. 10.9): This shows the students who

are late completing their work, their working names, and how many there are.
When the number of people is clicked, it shifts to the learning situation screen
according to the classification. Refer to Fig. 10.3.

10.6 Evaluation of the Smart Classroom by Instructors

10.6.1 Objective

The objective of the experiment was to evaluate the utility and effectiveness, in an
actual lesson, of the achieved learning situation assessment function (hereafter, the

Table 10.2 Test statistic of
work time set

Students Test statistics

A 1.029

B 0.714

C 0.643

D 0.381

E 0.270

F 0.303

G 0.671

Time now 2.064

10 Using a Programming Exercise Support System … 307



achievement function). The method of evaluating the utility measures was to use the
achievement function in an actual lesson. The method of evaluating the effective-
ness measures the presence of guidance by the achievement function. Moreover, we
questioned the lesson instructor.

10.6.2 Method

Outline of the lesson. The course used was “Basic Programming and Exercises”
based on the console application in Java. Table 10.3 shows the outline of the
experiment subjects. This subject has two classes, each of one instructor, and TA of
two people and four people. The classes have 38 people and 73 people respectively.

Experiment system. Figure 10.10 shows the composition of the experiment
system. This experiment system is a client-server method of the Web-base that can,

Fig. 10.9 Display of students whose work is late on the learning situation screen

Table 10.3 Outline of subjects in the experiment

Learning contents Number of
exercises

Performance target

Arithmetic operator
and expression

3 Do the learning of something as the expression

Condition branching 4 Do the learning of the method of switching processing
on the condition

Boolean 4 Do the learning of expressible of the combination of
two or more conditions by the use of Boolean

Repetition 4 When the loop construct is used, do the learning of can
the description of the repetition instruction of the same
processing
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in real time, collect students’ learning history data in the programming exercises.
The student screen of the client requests preservation, compilation, execution,
temporary submission, etc. from the server for the input answer program.
Figure 10.11 shows the student screen. The instructor screen shows the exercise
and the example answer program. These are transmitted to the server and the result
is received. The server does the compilation and execution of the received program
and returns the result to the client afterward. The programming languages used in
the experiment were PHP, HTML, Ajax, JavaScript, and MySQL.

Experimental conditions. Two experiments were conducted. In the first, the
achievement function was used twice. In the second, the achievement function was
not used twice. This looks at the user’s experience through the achievement
function and presence of the effect. The environment of the experiment is composed

Fig. 10.10 Composition of the experiment system

Fig. 10.11 Student screen
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of the learning management system that can be accessed from all PCs on the
network.

The significance level in the work delay detecting function was fixed at 25%.
This setting was an average value used to detect outliers. Not using the work delay
detecting function to evaluate the examination.

Measurement method. Measurement items for usefulness shall be the guidance
frequency that is the cause of guidance on the presentation screen of realized
functions in order to measure whether or not the realization function is used for
instructors. Moreover, the items that measured effectiveness were the guidance
frequency for each realized function based on the guidance content provided. The
method of measuring these included a voice recording of the instructor, taking a
picture of the lesson scenery, and taking a picture of the operation record on the
instructor screen. Figure 10.12 shows the measurement environment. The learning
situation screen, instructors and TAs walking around, and students raising their
hands all lead to the assessment that a student requires assistance. The result of
guidance was a pair of the entire guidance or an individual counseling and specific
guidance content. We recorded the guidance that the instructor directed the TA to
provide, but we did not record the guidance given by the TA to the student.
Guidance from the TA is described in Chap. 7 of the following description.
Moreover, we did not record the contents of student questions following the
instructions. Finally, we interviewed the instructors at the end of the experiment.

10.6.3 Results

There were 30 instances of guidance based on the screen of the achievement
function. Table 10.4 shows the guidance contents shown on the screen of the

Fig. 10.12 Measurement environment of two classes
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achievement function. Guidance was given five times regarding the work progress
of the class based on the work progress sum function (a1 in Table 10.4). Guidance
was given 4 times to correct common errors of the class using the error classifi-
cation sum function (a2 in Table 10.4). Guidance was given 2 times to slow stu-
dents using the work delay detecting function (a3 in Table 10.4).

The numerical value in () in Table 10.4 is the frequency of common guidance
contents. Moreover, guidance was given 64 times by the instructors and TAs
walking around and from the students raising their hands. The achievement func-
tion was not used in these cases. The use case was 33 times. Table 10.5 shows the
guidance frequency by the instructors and TAs walking around and students raising
their hands.

The results of the interview with the instructor are seen below. The first question
was “Please tell us a good point and a bad point about the proposal function.” Their
answers to this question were as follows:

Answer of Instructor A:
Good points:

• Everything from the beginning of the exercises to submission is automated as a
system. Therefore, the instructional workload is decreased during the exercise
and the confirmation of the problem submission.

• The error status when compiling can be understood. Therefore, I can understand
the students’ standstill situations in detail. This can be used as prior information
before guidance is provided.

Table 10.4 Outline of the experiment

Result Classification Class Individual

The main
guidance
contents

The demand of the support is
pressed from the entire work
progress to late studentsa 1 (5)
Use the Booleana 2 (2)
Confirm the method of
connecting character stringsa 2
(2)

Student with a long
interval time of the
compilation is urgeda 3
(2)

Guidance
frequency

10 20

Total 30

where: a 1, 2, and 3 show guidance given unconventionally
() the frequency of common guidance contents is shown

Table 10.5 Guidance
frequency by instructor
rounds and students raising
hands

Achievement function None Used

Case Rounds 42 23

Raising hands 22 10

Total 64 33
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Bad points:

• Nothing in particular.

Answers of Instructor B:
Good points:

• It is possible to provide comments about compile errors to many students at
once.

• The learning situation can be assessed remotely from the rostrum. Therefore, I
can issue instructions to the TA based on the contents.

• Moreover, I can understand the causes for which student work is late based on
the information of the function.

Request:

• Please let me know (send me the alert message) about those students who need
guidance.

The second question was as follows: “Please tell us about the effect of the
display contents of the learning situation assessment function on guidance.” The
instructors’ answers were as follows:

Answers of instructor A:

• Information on student work progress can provide understanding of the learning
situation and needs of the class.

• Information on error classification sum can be provided for the entire class or
individual students for guidance.

Answer of instructor B:

• Information on students for whom work is late can identify students who are
slower than others and need guidance.

10.6.4 Consideration of the Results

Guidance based on the proposal function was given 30 out of 63 times.
Additionally, the instructor interviews provided useful feedback regarding the
contents of the achievement function. The achievement function presents useful
information regarding the areas in which students require guidance. This is effective
for the assessment of student learning situations during programming exercises.

The guidance given when only the achievement function was used is detailed in
a1, a2, and a3 in Table 10.4. Additionally, the interview results provided answers
that confirmed that the contents led to guidance. Moreover, the ratio of guidance
from the instructor was high in the lessons that used the achievement function.
Table 10.6 shows the ratio of guidance from the instructor. The numerical value of
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() in Table 10.6 is the frequency of guidance for each cause of guidance. The ratio
of active guidance increased because the instructor was able to understand the
learning situation from the screen display of the achievement function. The ratio of
guidance given at the students’ request decreased because the instructor was able to
identify the question from the display screen before the question came from the
students. The ratio of this guidance is intentionally high at a significance level of
1% by the chi-square test. The instructor was able to assess and instruct a difficult
learning situation. Moreover, the instructor can give guidance before help is asked
for by the student. Therefore, the achievement function is effective for guidance
during programming exercises.

According to the results of the interview, the instructor should return to the
rostrum during the achievement function. Instructors can not check their own
computer while teaching at student’s desk. Instructors can direct and instruct more
students without returning to the rostrum if they use the accomplishment function.
A method to overcome this problem is the use of the tablet terminal. Figure 10.13
shows instruction using a tablet terminal in the lesson in the following year of the
assessment experiment.

Students can request instructor guidance remotely through the use of tablets.
Therefore, tablet use is more effective than the instructor making rounds when time
efficiency must be taken into consideration.

Table 10.6 Ratio of active guidance by the instructor

Achievement function None Used

Case Observing screen
and making rounds

The instructor’s active guidance 65.6% (42) 84.1% (53)

Raising hand The student requests guidance 34.4% (22) 15.9% (10)

Total 64 33

where the guidance frequency to the cause of guidance is shown in ()

Fig. 10.13 Assessment of
learning situation using a
tablet terminal
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When the achievement function is developed with other languages and courses,
it raises the issue of what should be how much time can be given to each learning
task. Moreover, the error classification sum function can correspond in the case of
the console application. There is a problem, though, in the method of acquiring the
error for the GUI application.

10.7 Function to Understand Programming Behavior
for TAs

10.7.1 Analysis for TA

Data mining, as a smart educational technology, can support the TA and help in the
realization of a smart learning environment.

During programming exercises, the main role of TAs is to assist students in
correcting their errors. The programming behavior of a particular student, which
includes his or her programming style, is different from other students’ behaviors.
For this reason, it is hard for TAs to provide appropriate guidance other than error
handling for each student [25]. The lecturers understand students’ learning contexts
due to their prior teaching experiences. TAs have greater difficulty understanding
students’ learning contexts because they do not have enough teaching experience to
do so. Therefore, the present study proposes a function to help TAs understand
student programming behavior and common student difficulties. The factors of
problem solving in programming include how much a particular student follows the
programming codes, understands the grammar of the programming language, and
uses the compiler. This section reports on the results of our data mining, which
focused on the programming mode. The programming mode is the basic attitude
that represents how much a particular student follows the programming codes that
they are encouraged to follow at our institute. Furthermore, by focusing on the
programming mode, we can collect students’ behavioral data in real-time. This is
done through the programming exercise support system that we have developed
[19].

The present study classifies the features of the students’ programming behaviors
in order to infer the characteristics of each student. Through the classification, we
have examined the relationship between the results of the questionnaire toward the
programming mode and the programming behaviors. The behaviors include the
number of compilations, the number of trial executions, the number of errors, the
number of repetitions of the same errors, the average interval of the compilations,
and the average intervals of the executions. The programming codes are shown in
Table 10.7. We found that each student had a particular programming trait. We also
found that we can measure that trait by observing how much a particular student
follows the programming codes.
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10.7.2 Classification of Programming Behaviors

In this section, we classify the features of programming behaviors. In order to do so,
we have performed a cluster analysis of the records of the programming behaviors.
Clustering is a process of grouping objects into classes of similar objects [26]. It is
an unsupervised classification or partitioning of patterns (observations, data items,
or feature vectors) into groups or subsets/clusters based on their locality and con-
nectivity within an n-dimensional space. In the present study, we have performed a
cluster analysis over the submitted programs that solve the assignments. The total
number of the subjects was 80 and we employed seven feature variables.
Figures 10.14 and 10.15 show the results of the cluster analysis.

We employed Ward’s method of hierarchical clustering in the cluster analysis
[27]. We also employed k-means for the non-hierarchical clustering. Ward’s
method is a criterion applied in hierarchical cluster analysis [28]. K-means is an
algorithm that clusters objects based on attributes in k partitions [29]. The result of
the k-means analysis depends on the initial values. Therefore, we have chosen
initial values as the best values produced by Pseudo-F, where the number of clusters
is 4, in our preliminary experiments. Pseudo-F is an evaluation criterion in cluster

Table 10.7 The programming codes

Code
#

Programming code details

1 When the grammar is ambiguous, examine it in the texts or manuals

2 Add one line of sentence and compile

3 When compile errors appear, deal with the first error

4 Construct programs from the skeleton

5 When the execution result is not correct, trace the execution process

6 Insert spaces after keywords so that they are highlighted

7 Write output sentences first so the behaviors of the program can be observed

8 Make and try several solutions to solve the errors

9 Insert spaces after commas, so that they are easily seen

10 When inserting an opening parenthesis, insert the corresponding closing parenthesis
immediately

11 Write meaningful comments so that the semantics of the program can be understood

12 Choose meaningful variable names

13 When the usage of the instruction is ambiguous, refer to the samples

14 Insert space lines so that blocks in the program are clearly seen

15 Indent the codes so that the structure of the program can be clearly seen

16 Insert spaces before and after operators so that they are highlighted

17 When modifying the program, leave the old source codes as comments

18 When the program behaves strangely, print out intermediate variables

19 Write many more programs until you can write them comfortably

20 Use the patterns of program codes
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analysis [30]. A good Pseudo-F value means the resultant clusters have little
overlapping. In addition, the density of each cluster is high.

The present study examined the relationship between the students’ programming
behaviors and their programming modes. Tables 10.8 and 10.9 show the results.
The numerical values in Tables 10.8 and 10.9 are mean values of the number of

1 2 3 4

Individual Students

Fig. 10.14 Cluster analysis using Ward’s method

3 

4 
2 

1    

Fig. 10.15 Cluster analysis using k-means
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individuals in each cluster. The numerical values of the programming modes are the
answers of four-stage evaluation (+1 done and −1 not done). Moreover, we have
performed the correlation analysis with the duration time for problem-solving and
programming mode. We have observed positive correlations (0.24) in 18 of the
programming codes.

The dotted line of Fig. 10.14 indicates the middle of the dendrogram, that is,
2500. We can observe that Tables 10.8 and 10.9 are similar. We can conclude that
there were four clusters, as follows:

• Cluster 1: Duration time of problem-solving is short. The score of the pro-
gramming mode is high. The intervals of the compilation and the intervals of
execution are short. The compilation frequency is few. The students understand
the contents of the errors and what they are doing in the program.

• Cluster 2: Duration time of problem-solving is shorter than cluster 3. The score
of the programming mode is low. A lot of errors exist and many are similar
errors. The intervals of the compilation and the intervals of execution are shorter
than those of the cluster 3. The students are doing the programming without
understanding the contents of the errors.

• Cluster 3: Duration time of problem-solving is long. The score of the pro-
gramming mode is low. The students are repeating the same error. The students
are compiling without understanding the contents of the errors.

• Cluster 4: Duration time of problem-solving is long. The score of the pro-
gramming mode is low. In Table 10.8, there are many compilation frequencies
and execution frequencies. The students compile frequently and are committing
many errors. In Table 10.9, the compilation frequency and the execution fre-
quency are low. Surprisingly, these students are submitting the correct solutions
to the problems. They have likely copied the correct answers from cluster 1
students.

10.8 Evaluation of the Smart Classroom by TAs

We set up a hypothesis based on the considerations of the previous section. The
hypothesis is that the programming behavior appears in the programming mode.

Experiments. In this section, we verify the hypothesis about the programming
mode and programming behavior. This was to what degree the understanding level
in the programming codes corresponds to the programming behavior. Moreover, the
present study verifies the differences in the results of the questionnaires about the
subjective understanding level of the students before and after the experiment.
The TA instructs the students based on the results of the questionnaires completed
before the experiment. The TA guides the basic attitudes within the low numerical
value for understanding level based on the questionnaires.

The verification method is to evaluate the duration time of the problem solving
of both the experimental group and the control group. The group consists of forty
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students who all submitted their solutions late. These students were split into two
groups at random to create the control group and the experimental group. The
procedures of the experiment were as follows:

1. Perform understanding level inquiry of the programming mode the first time.
Acquire the duration time for problem solving before the experiments.

2. First experiment: guidance from TA.
3. Second experiment: guidance from TA.
4. Third experiment: guidance from TA.
5. Fourth experiment: no guidance from TA. Perform understanding level inquiry,

the second time, of the programming mode. Acquire the duration time for
problem solving after the experiments.

Figure 10.16 shows the change in the problem solving time. We can observe the
improvement of the duration time of the problem solving in the experimental group;
however, there was no significant difference between the two groups.

Table 10.10 shows the result of the understanding level inquiry. The under-
standing frequency value of the experimental group rose by 5% compared with the
control group. The result of the questionnaire, according to the cluster, is shown in
Table 10.11. In Table 10.11, the gray background shows where the improvements
in student understanding levels are remarkable.

Discussion. The problem solving time may have been shortened due to the
understanding level of the programming codes corresponding to the programming
behavior. Data mining of students’ behaviors enabled the TAs to provide effective
guidance. Moreover, the results of the data mining provided the TAs with the
features of the students’ programming behaviors.
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We possibly did not observe significant difference between the two groups
because of the close connections between friends. For example, students may have
shared the advice of the TA with their friends.

The guidance effects on programming mode are shown in Table 10.12. The data
mining of students’ behaviors enables TAs to give advice beyond just simple error
correction.

Table 10.10 Results of the questionnaire of understanding level by student subjectivity

Group Understanding frequency value

Before After Effective None

Experimental 6.66 9.7446% UP 13 students 4 students

Control 5.84 8.241% UP 13 students 6 students

Table 10.11 Results of the questionnaire in each cluster

Cluster Matter 1 2 3 4 5 6 7 8 9 10 11

1 Before 0.1 0.8 0.7 0.0 0.3 0.1 0.6 0.4 −0.2 0.1 0.7

After −0.2 1.0 0.9 0.1 0.4 0.1 0.5 0.6 0.0 0.1 0.9

2 Before −0.1 0.3 0.7 0.2 0.3 0.3 0.8 0.4 −0.4 0.6 0.7

After 0.2 0.7 0.7 0.2 0.3 0.7 0.9 0.9 0.1 0.6 0.9

3 Before 0.1 0.2 0.8 −0.2 0.5 0.0 0.7 0.5 0.0 0.3 0.7

After −0.2 0.6 0.9 0.1 0.3 0.6 0.8 0.8 0.1 0.5 0.7

4 Before −0.3 0.3 0.7 −0.1 −0.2 0.5 0.6 0.4 −0.3 0.6 0.9

After 0.1 0.6 0.6 −0.3 0.1 0.6 0.8 0.3 −0.1 0.6 0.7

Cluster Matter 12 13 14 15 16 17 18 19 20 Students

1 Before 0.8 0.8 0.8 0.7 0.8 −0.3 0.5 −0.4 1.0 5

After 0.5 0.9 1.0 0.3 0.8 −0.1 0.5 0.4 0.8

2 Before 0.1 1.0 0.9 0.3 0.6 −0.2 0.3 −0.3 0.8 13

After 0.2 0.7 0.8 0.3 0.7 0.0 0.5 −0.2 0.9

3 Before 0.3 0.3 0.8 −0.2 0.3 −0.4 0.1 −0.4 0.7 11

After 0.3 0.6 0.8 0.2 0.6 0.0 0.4 −0.4 0.9

4 Before 0.0 0.8 0.7 0.4 0.9 −0.5 −0.2 −0.6 1.0 7

After 0.3 0.5 0.9 0.5 0.5 0.2 −0.2 −0.3 1.0

Table 10.12 Effects of programming mode

Cluster Effective Ineffective

1 Examine the grammar
Write the comment
Make a lot of programs

None

2 Adjust the appearance
Write the comment

Make a lot of programs

3 Adjust the appearance Compile for each line

4 Compile for each line
Deal with the first error
Copy the sentences that work

Examine the grammar
Write the output sentence first
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10.9 Scaling-up to Smart University

We have experimented on subjects in programming exercises. We would like to
apply it fully to other subjects.

We are currently trying the proposed method in language classes [31]. We are
studying how the students can reflect even in the face-to-face class. Typically, we
have implemented Web exercises using Google Forms for continual self-reflection.
We have performed the text mining to “Devised it” of the Web exercises. We have
observed the transformation from the mentally passive word “Do” to the active
words “Examine it.” We found that Google Forms motivates students’
self-regulatory learning. Based on these findings, we also present a prospect for a
lesson that draws out the subjectivity of the students.

Furthermore, we are studying which tasks effectively motivate students.
Currently, it is not very smart, but further study of deep learning in programming
classes will make it possible to extract issues that increase motivation. The
smartness level can be improved by developing these areas.

There is manual work in realizing smartness and it would be a restriction when
considering large-scale deployment. By using more sophisticated machine learning,
we can realize a smart learning environment. Moreover, we have analyzed the
relation between programming behavior and programming mode. The results were
related to the behavioral features and the programming mode. The authors have
reached the hypothesis that the duration time of problem solving could be reduced
as a result of the effective guidance of the TAs concerning programming mode.
Then, the authors performed the assessment experiments of guidance by TAs. As a
result, the duration time of the problem solving of students who were taught has
been shortened. Therefore, the proposed technique enables TAs to provide effective
support for students because they can better obtain a deep understanding of the
learning situation of each student. Therefore, we can conclude that the proposed
function enables TAs to effectively support students when learning and
programming.

10.10 Conclusions

This chapter described the achievement of the learning situation assessment func-
tion in the programming exercises for entry-level programming classes. This
function provides an assessment of the learning situation of individual students as
well as the class as a whole. The function for students indicates who is behind in
their work and who needs help. The function for the class displays the sum of the
work progress from the beginning of the exercise until submission. Moreover, the
function provides the error classification summary by identifying compile error
lines based on the example answer program. We found that the function applied to
the Java programming exercises actually produced accurate output. Moreover, the
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function identifies students that are behind in their work via outlier analysis of class
work progress. Because the instructor appropriately sets the standard value of the
outlier, this function can identify students who are behind in order to provide them
with assistance before it is too late. In the assessment experiment in an actual
lesson, we observed appropriate guidance being presented using information from
the proposed function. We, thus, can conclude that the proposed function is
effective for assessing student learning situations in programming exercises for
beginners.

In summary, we have achieved a smart educational environment through the use
of this function. The environment supports instructors and TAs so that they can
provide smart pedagogy to students.
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Chapter 11
The Role of e-Portfolio for Smart Life
Long Learning

Lam For Kwok and Yan Keung Hui

Abstract Life-long learning and whole person development are becoming more
critical than just academic performance, particularly in career development per-
spective. Employers are looking for soft skills more than hard skills from
employees. It is one of the responsibilities of universities to develop students’ work
readiness. A smart university, as part of a smart city, is no longer limited to provide
technologies inside and outside classrooms. In this chapter, we discuss how a smart
university may facilitate self-regulated learning of learners through the introduction
of personal development e-Portfolio, which assists learners in planning their
development path and reflecting upon their own learning. An implementation
example in the City University of Hong Kong is reviewed. Also, the way of
extending it to lifelong and professional development is discussed.

Keywords Smart university � e-Portfolio �Whole person development � Outcome
based learning � Self-regulated learning

11.1 Introduction

“We now accept the fact that learning is a lifelong process of keeping abreast of
change. And the most pressing task is to teach people how to learn.” [1]. It is critical
for learners to acquire new knowledge and skills in an ever-changing work envi-
ronment. Lindeman, an American educator notable for his pioneering contributions
in adult education, stated that [2] “not merely preparation for an unknown kind of
future living… The whole of life is learning, therefore education can have no
endings”. A similar view was found in recent years [3]: “Lifelong Learning is a
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feature of modern life and will continue to be so. Change is everywhere and we
need to learn to cope with it in different aspects of our lives. Jobs are changing with
continually developing technology and pressures to keep up with foreign com-
petitors. Daily life is changing with faster communications and more technology in
our homes…” The practicing professionals, such as engineers, face similar chal-
lenges throughout their career life and, therefore, must remain competent
throughout their working careers in order to carry out their duties properly.

Learning may happen anytime and anywhere, consciously or unconsciously.
A person’s mind may be triggered upon watching an occurring event, participating
in discussions or activities, reading, or simply listening to others. These mental
activities may result in learning, but it is always a difficult task to measure what a
learner has learnt or achieved, especially referring to skills and knowledge that are
beyond the curriculum; however, such skills in communication, collaboration with
others, learning, etc., are attributes frequently sought when one is looking for a job.
The National Association of Colleges and Employers (NACE) [4] points out that
about 80% of employers are looking for evidence of leadership skills and 78.9% are
looking for the ability to work in a team. Communication skills, problem-solving
skills, work ethic, initiative, analytical/quantitative skills, and
flexibility/adaptability are the other competences/attributes that more than 60% of
employers are looking for. In addition, these figures also show that leadership skills
and being involved in extracurricular activities are having higher influential power
in job-hunting than just having a high grade point average (GPA) in academic
results. Similar results can also be found in both Hong Kong [5] and Mainland
China [6] that communication skills, teamwork spirit, and creative problem solving
are the major attributes that organizations are looking for from the applicants;
however, most graduates only have a deep knowledge in a specific discipline that
may prevent them from having immediate success in the global market [7]. Gaps in
the needs between employees and companies are increasing. Managing to learn in
these aspects is thus an important process in whole person development.

Outcome-based learning is a learning paradigm that places focus on defining the
learning outcomes at the beginning of a learning process, designing the curriculum
with linkages of its associated learning activities to the defined outcomes, and
measuring achievements of students according to the defined learning outcomes [8].
Although outcome-based learning is initially considered for those courses with a set
of more definite goals, it does provide a possible structured approach for the whole
person development of a student, which refers to the development of a variety of
skills and knowledge beyond normal courses.

Portfolios have been used in some disciplines, including education, to organize
and present works; to provide a context for discussion, review and feedback from
teachers, mentors, colleagues, and friends; and to demonstrate progress and
accomplishments over time [9]. Traditional paper-based portfolios are bulky and,
hence, not readily portable and accessible when needed. On the other hand, elec-
tronic portfolio systems can be used to organize artifacts in different media in order
to demonstrate what a student has achieved.
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As described by Lombardi et al. “education becomes an important component
and has been used as one of the important criteria in performance evaluation of
smart cities” [10]. A smart university, as part of a smart city, provides learners with
a smart learning environment, transforming them into the smart workforce. A city
requires smart people to carry out their jobs smartly and innovatively in order to
maintain its classification as a smart city.

A smart university is a learning environment where knowledge is shared among
various stakeholders including teachers, learners, and employees in a seamless way
[7]. Being smart is merely not only focusing on technological aspects in facilitating
learning by setting up more sensors, building better networks, and providing more
equipment in the classroom; it is also focused on management aspects of learning
by allowing all stakeholders know what a learner has learnt, how competent a
learner is, and what learning path a learner is to be suggested. Through
self-reflection, learners are able to plan for their own learning paths, evaluate their
learning progress, and be able to match their career needs so that they are
work-ready at the time they get a new job opportunity, either after graduation or at
different stages in their lifelong career development.

This chapter discusses why current e-portfolio systems cannot support the
whole-person development, explains how the concepts of learning design may help,
proposes a new approach to building a portfolio to record the whole person
development, and illustrates an example of a practical implementation in the City
University of Hong Kong (CityU). Finally, the similarity between lifelong
learning/professional development and whole personal development is identified
and, thus, the development of e-portfolio could possibly be extended to lifelong
learning and professional development. Potential contributions are discussed fol-
lowed by the conclusion.

11.2 Literature Review

11.2.1 Smart University

What is smart? There are many definitions for this word, but we tend to define
“smart” as “very good at learning or thinking about things, showing intelligence or
good judgment or quick in action in handling problems” [11]. When a system can
provide what one needs according to the dynamic need of users, it can be con-
sidered as smart.

Smart University. A smart university is part of a smart city. A smart university
is defined as “a platform that acquires and delivers foundational data to drive the
analysis and improvement of the teaching & learning environment” [12]. It is
suggested that “a smart university should have tools, similar to those suggested in
the European Competence Framework (ECF) framework, to build educational
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profiles and consequently, curricula and courses that both adhere to the standards
required by the scientific and professional communities (e.g., IEEE, ACM)” [7].

The rapid development of technologies, especially the Internet and mobile
devices, introduces new challenges to teaching and learning. “Being smart” should
not be confused with “being digital” [7]. A smart university provides a learning
environment that does not only enable learners with access to digital resources and
interaction with learning systems in any place and at any time, but also actively
provides the necessary learning guidance, hints, supportive tools, or learning sug-
gestions to them in the right place, at the right time, and in the right form [13]. It is
also important to provide personalized learning support based on the learning status
and personal factors of a learner such as learning progress, knowledge levels,
learning styles, cognitive styles, and preferences. These enable learners to set their
learning goals and to construct their learning plans in supporting self-regulated
learning.

11.2.2 Stakeholders in Smart University

Education involves numerous closely related stakeholders including teachers, stu-
dents, parents, institution administrators and managers, and the Government.
Stakeholders in education will have different requirements on intelligence that, in
turn, require various supporting technologies and, therefore, may have their own
expectation on what smartness they need [11].

Students. Students could potentially want their studies to be more interesting
and their learning methods to be efficient. If motivated, the goal would most likely
be to be admitted to a better school or university or get a better job. They desire to
be self-managed and self-controlled when it comes to their own learning.

Teachers. Teachers want to know the learning progress and status of students’
knowledge in order to apply corresponding teaching methods to motivate and
stimulate the students’ learning interest. They also want to know the latest devel-
opments in the subject matter in order to give instructions more effectively and
efficiently. The effectiveness can be measured by the level of student engagement in
the class as well as in deeper learning. They also need to understand the overall
performance of students in order to better communicate with parents and improve
collaboration between the institution and the students’ parents. Teachers may also
expect to reduce their administrative work or streamline the administrative duties in
a smart university.

Parents. Parents may want to monitor their children’s learning progress and
performance. In addition, they could potentially expect to receive ample warning
when their children’s behavior deviates from normal.

Institutions. From the perspective of an institutional management team, they
might want to make decisions based on data. In order to achieve that, it may be
necessary to know the operational efficiency of the institution such as performance
indicators of teachers and students and ranking data as compared to other
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institutions. It is desirable to promote student success, such as getting better further
study opportunities, better personal development, and work readiness, through early
prediction of students’ performance. It may also be necessary to report to the local
education authorities on various key performance indicators.

Local Educational Authority. The local educational authority keeps track of
accurate and reliable performance indicators from institutions, which can support
their decision making in defining/refining the education policies and plans. Data is
collected for the purposes of monitoring and analyzing institutional performance.

11.2.3 Lifelong Learning

“The illiterate of the 21st century will not be those who cannot read and write, but
those who cannot learn, unlearn, and relearn” [14]. Lifelong learning is well
believed to be an important way of continuous success or survival in career
development. The need for lifelong/professional learning is increasing as a result of
globalization, rapid technology development, and moving to a knowledge‐based
economy. This requires employees to acquire new knowledge and skills [15]. It is
particularly true for professionals such as engineers who have a need to acquire new
knowledge and skills when performing their duties. Continuing professional
development (CPD) is, therefore, a commitment by all professionals to continually
update their knowledge and skills in order to remain professionally competent [16].

Competency, consisting of knowledge, skills, and behavior, is a standardized
requirement for performing a specific area of jobs. Competency is defined as “a
specific, identifiable, definable, and measurable knowledge, skill, ability and/or
other deployment related characteristic (e.g. attitude, behavior, physical ability)
which a human resource may possess and which is necessary for, or material to, the
performance of an activity within a specific business context” [17].

Competency requirements become more common in lifelong learning, specifi-
cally in the area of training and performance improvement. Learning outcomes,
with respect to the required competence, are clearly defined. Therefore, a profes-
sional engineer’s competency level can be measured with the corresponding dis-
cipline of engineering. Professionals can begin their learning processes by defining
the learning goal with intended learning outcomes as well as designing a cus-
tomized learning path according to professional needs.

The major challenge for standardizing competency requirements of a specific
range of job functions across an industry is that we need to clearly define learning
outcomes for each unit of competency in order to facilitate the establishment of the
progressive learning paths.

In traditional lifelong learning, courses or training materials are organized in a
structured, but rigid, way. Learners may only follow predefined paths in achieving
the learning goals. When there is no explicit mapping between the courses with
intended learning outcomes and no properly maintained e-portfolio, it is hard to
recommend the most suitable learning paths to learners and, thus, adaptive lifelong
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learning is difficult to achieve [18]. It is particularly true in the information age that
learning courses, learning materials, and learning activities come from various
sources without any explicit or predefined structure. Identifying meaningful
learning opportunities through these unstructured resources becomes unclear and,
as a result, is one of the major challenges in smart lifelong learning [19]. It is
expected that smart lifelong learning should be able to support learners in exploring,
identifying, and seizing both structural and nonstructural learning activities, as well
as proposing learning paths based on learners’ learning history, learning goals, and
intended learning outcomes of the corresponding learning activities available to the
learners [20]. Self-directed lifelong learning relies on the matching of available
learning activities with learners’ personal needs, learning history, prior competent
levels, and preferences in a quick and effective way [21].

11.2.4 Whole Person Development

Setting learning goals, planning learning activities, executing the learning plan, and
reflecting on the learning outcomes are essential parts in personal development.
A learner establishes learning goals and will need to plan a series of learning
activities in order to achieve these goals. After the plan is executed, that is, par-
ticipating in the chosen learning activities, a learner adjusts the goals and refines the
plan based upon reviewing and reflecting on one’s own learning achievements.

Personal development can be regarded as the learning process of a person.
According to Kolb’s experiential learning theory explanation [22], learning is not
conceived in terms of outcomes. Rather, learning is an experience-based continuous
process that requires interaction between a learner and the environment. Knowledge
is created through the interaction that resolves the conflicts between abstract con-
cepts and concrete experience under certain situations. For example, two people
may have a different experience regarding the same issue when the issue happens in
different situations. In other words, every person who participates in the same
learning activity may have a different learning experience. This, however, does not
necessarily mean that the learning experience of a person is immutable. Learning
experiences may be mutated when certain situations apply to it. That is to say,
learning is not a single execution process. The learning process, according to Kolb
[22], “can be described as a four-stage cycle involving four adaptive learning modes
—concrete experience, reflective observation, abstract conceptualization, and active
experimentation”.

The learning process cycle from the experiential learning theory perspective is
visualized in Fig. 11.1, where abstract concepts are transformed into the concrete
experience through experimentation under different situations. The concrete
learning experience is gathered and transformed into new abstract concepts through
reflection and observation based on the experience or situation. To apply this theory
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to personal development, an example from the Quality Assurance Agency for
Higher Education (QAA), UK is shown in Fig. 11.2. From QAA guidance [23],
abstract conceptualization refers to the process of identifying learning goals and
creating development plans. Through executing the plan under different learning
situations, concrete experiences and achievements can be obtained. This is based on
which reflection and observation is carried to identify new learning needs.

11.2.5 Outcome-Based Education

In the 1950s, Ralph W. Tyler began the discussion of outcome-based learning.
Throughout the following decades, different definitions have been proposed [24–
29]. In the year 2002, Harden [24] characterized outcome-based education as:

(1) Developing and publishing clearly defined learning outcomes that must be
achieved before the end of the course;

Fig. 11.1 Experience learning cycle

Fig. 11.2 Personal development cycle
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(2) Designing a curriculum, learning strategies and learning opportunities to ensure
the achievement of the learning outcome;

(3) Matching the assessment process to the learning outcomes and assessing
individual learner to ensure that they achieve the outcomes; and

(4) Providing remediation and enrichment for learners as appropriate.

Despite different meanings of wordings and its original target for well-structured
curriculum, it matches the personal development cycle very well for extracurricular
activities, achievements for developing various skills, and knowledge beyond
normal courses.

11.2.6 e-Portfolio

Portfolio intends to “contain material collected by the learner over a period of time;
that the portfolio is the learner’s practical and intellectual property relating to their
professional learning and personal development… the learner takes responsibility
for the creation and maintenance of the portfolio and if appropriate, for the pre-
sentation of the portfolio for assessment” [30]. The materials collected are related to
an individual’s personal development, such as transcripts, recognitions, and cer-
tificates. There are different definitions of e-Portfolio varying in the context of use.
Electronic portfolio refers to a digital form of a physical portfolio that documents
individual learning and personal development. A highly profiled definition of
e-Portfolio was suggested by Educause NLII in 2003 [31], saying that e-Portfolio is
“a collection of authentic and diverse evidence, drawn from a larger archive, that
represents what a person or organization has learned over time, on which the person
or organization has reflected, designed for presentation to one or more audiences for
a particular rhetorical purpose.” Strictly speaking, an e-portfolio is a particular
perspective of the personal development archive for the specific context of which
the portfolio in use. Some example contexts include: assessing the development;
presenting the works during the development; guiding, tracking, and reviewing; and
planning the development.

Assessment e-Portfolio. It is used to demonstrate an individual’s learning
outcome by relating evidence to certain defined learning objectives. The assessment
would be made based on defined rubrics [32]. It is the perspective used for
assessing the degree of learning in a learning process.

Presentation e-Portfolio. It is used to show an individual’s learning, achieve-
ments, and recognition to a general audience [32]. It can be in any form, but the
most common is a resume. Profiles can also appear on social networking sites.

Learning and development e-Portfolio. It is a life-long portfolio, which helps
to document, guide, and advance an individual’s learning over time. There are
planning and reflection modules [32]. A personal development portfolio is an
example of this. Personal development planning (PDP) is defined as “a structured
and supported process undertaken by an individual to reflect upon owns learning,
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performance and/or achievement and to plan for their personal, educational and
career development” [23].

Learners may assume responsibility for improving themselves through iterations
of goal setting, action planning, activities participation, affirmation of achieve-
ments, self-reflection, and refining the intended learning outcomes. This process
may help enhancing their critical thinking and meta-cognitive capacity, meaning
they know what they know. Most importantly, their self-esteem could be enhanced
through seeing their own growth. The dynamic portfolio process consists of four
functions [33]:

(1) Setting the learning goals. There are different learning goals for different
courses or learning activities. There are also different learning goals at different
stages of the personal development. It is important to set up clear goals at each
stage.

(2) Planning the learning activities. Once the learning objectives are defined, there
should be an action plan set out to achieve the learning outcomes. The action
plan involves defining a series of activities relevant to achieving the learning
outcomes.

(3) Recording the activities and linking achievements to learning outcomes. Details
of participating in activities are recorded. The time dimension of the portfolio is
maintained to demonstrate the personal development history; however, infor-
mation about the impact of incidences on learners, the experience gained from
an activity, the feedback from peers and teachers, and the reflection details
during the whole process could be lost as a result of frequent updates. The
collection of this formative evaluation can help learners to know how they
learn, which is useful in planning their further development. An additional
aspect is to give learners the ability to map their achievements to activities as
well as learning outcomes.

(4) Reflection. Besides the organization of portfolio content and the audit on the
learning process, the proposed framework should allow external comments to
be captured. Portfolio sharing and peer commenting are desirable features in the
reflection process. Affirmations and comments from instructors and peers
would boost learners’ momentum for advancement.

Learning profile provides information on identity, preference, hobbies, etc., of a
learner. Learning goals represent learning objectives of a learner in the form of a list
of focused and achievable targets or attributes. These learning objectives can only
be achieved by a series of learning activities and, thus, a substantial amount of
information depicted in the portfolio focuses on the participation of activities.
Obviously, an activity is a visible act that is indispensable in a portfolio. The actual
evidence relevant to accomplishing a specific learning outcome is the achievements
induced from participating in that activity. It is important to distinguish an
achievement from an activity due to the fact that the latter solely provides an
opportunity for development of valuable attributes and perceptible contributions.
This helps to avoid learners spending much time on activities aimlessly without
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making any significant achievement relevant to the intended learning outcomes.
Achievements could be a quantifiable performance evaluation of domain specific
knowledge and skills in addition to generic skills. In terms of information structure,
each of the intended learning outcomes should be connected to multiple instances of
activities. Similarly, learners can benefit from an activity in more than one aspect.
Consequently, an activity usually links to multiple achievements and, thus, forms a
networked path echoing back to the individual learning outcome. Reflection is the
key to learning. A list of activities and achievements alone can only give a
superficial account of efforts made by learners. In a reflective process, learners
integrate their experiences in various activities and achievements so as to match
with the designated learning objectives and search for the direction for improve-
ments [8].

11.2.7 Self-regulated Learning

The Self-regulated Learning. Self-regulated learning (SRL) is related to
goal-directed, self-controlled learning behavior in learning processes [34] and is
defined as [35]: “a process in which individuals take the initiative, with or without
the help of others, in diagnosing their learning needs, formulating learning goals,
identifying human and material resources for learning, choosing and implementing
appropriate learning strategies, and evaluating learning outcomes”. Zimmerman
[36] described that “self-regulated learners plan, set goals, organize, self-monitor,
and self-evaluate at various points during the process of acquisition” and become
self-masters of their learning and directly enhance their learning outcomes. It has a
learning cycle similar to the personal development cycle and is a closed iterative
loop to distinguish self-evaluation, planning and goal setting, and learning.

Self-regulated Learning and Smart University. A smart university has the
ability to support self-regulated learning by automatically obtaining, acquiring, or
formulating new or modifying existing knowledge, experience, or behavior in order
to improve its operation, business functions, performance, effectiveness, etc. [37]. It
also has the ability to suggest various learning paths for learners through various
prediction models. Smartness relies on the availability, accuracy, and comprehen-
siveness of data. Intelligence is based on known procedures and through integration
of existing information systems merging with human intelligence.

An example of evidence of outcome-based education is the achievements of
students in different aspects. These are not limited to course-embedded assessments,
but also include participation in extra-curricular activities as well as self-reflections
with respect to the learning goals. Data can also be obtained in many other situa-
tions such as teaching and learning, extracurricular activities, and performance
assessments of teachers and students. Given the scale of “big data”, it is crucial for
the educational authority, at a higher hierarchy, to define the standard for data
collection from various sources based on the need of planning and monitoring.
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A unified standard enables data to be collected and compared in the same format
[11].

Self-regulated Learning and e-Portfolio. It is found that e-portfolios are increas-
ingly being used to support SRL [38] and is also found tomotivate studentsmore so than
paper portfolios [34]. E-portfolios are used to facilitate acquiring skills relating to SRL
including self-assessment of performance, formulation of learning goals, and selection
of future tasks. E-portfolios normally include learning plans with goal settings and
action plan to meet the goals [39]. Learners may perform self-evaluation to verify their
progress against the goals, and to reflect their learning experiences. SRL is achieved
through these self-managing and self-reflective tasks [40].

11.2.8 The Challenges

There are many challenges in building e-portfolio systems for OBE, both technical
and administrative procedural challenges.

Technical Challenges. Specifying outcomes clearly is a difficult task, particularly
for unstructured learning activities. It is always a difficult task to manage unstructured
data electronically. In addition, a learning activity may have similar or even a small
set of common attributes contributing to the learning outcomes. A learner may want
to achieve different sets of learning outcomes at different stages.

There may be a lot of achievements of a learner at different stages, especially in
terms of whole person development and lifelong learning. A learner may not realize
what specific attributes are contributing to the set of achievements or learning
outcomes. The ignorance in understanding learning attributes may lead to a lack of
reflection during the learning process and lead to difficulties in linking evidence of
achievements to the learning goals. As personal development involves many
learning goals, development plans, and learning situations, recording the details of a
learning process could be helpful for reflection and observation.

Although the above-mentioned e-portfolio systems may provide entry points for
recording some of the essentials, they mainly assist learners in executing e-learning
activities and reflecting upon their learning. They do not have a process model or
well-defined approach to assist the complete personal development cycle as
described earlier. In particular, supports for goals setting and planning are missing.
Existing systems may not have an approach to assist planning where the plan of the
next learning process directly influences the quality and outcomes of learning at
next stage. Facilities to assist the entire cycle of personal development are, thus,
desired to be integrated into existing e-portfolio module of an e-learning system,
including goal setting and learning plan design [41].

A university may face challenges to cope with novel needs of learners, and to
provide a seamless integration between the education production system (i.e., the
education of the future workforce) and jobs, firms, industries, and organizations,
which are requesting a multi-disciplinary education with complementary compe-
tencies and skills ranging from humanities to technologies [7].
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Administrative Procedural Challenges. With a historical failure rate of more
than 65% of enterprise systems implementations worldwide [42], information
technology services/projects that are built around discontinuous, unique, and
complex deliveries of projects require careful management and maintaining good
client satisfaction and relationship [43]. The successfulness of the system depends
on the affective attitude towards a specific computer application by someone who
interacts with the application directly [44, 45]. Gaining user satisfaction and
acceptance is the key successful factor of the system. In relationship marketing,
trust and commitment are necessary for constructing and maintaining the rela-
tionship between the project team and other stakeholders [46–48]. Adopting
e-portfolio and outcome-based learning in personal development, particularly for
extracurricular activities, is clearly requiring respectively new administrative pro-
cedures to gain buy-in, acceptance, and satisfaction from various stakeholders.

11.3 The Design

11.3.1 The Design: Challenges

While personal development highlights the importance of learning in both struc-
tured curriculum and unstructured learning histories, traditional learning manage-
ment systems fail to capture information about extracurricular activities in
association with learning outcomes and attributes/competence expected from
employers. Major challenges are identified below:

(1) System architecture: Too many standalone systems induce non-standard
information definition and difficulties in the information exchange. There are
many information systems available in higher education, including student
information system, learning management systems, administrative management
systems, space and facility management systems, etc.

(2) Information model, goal setting, and development planning: There is no stan-
dard set and meaning of a list of learning outcomes and attributes, no linkage
between extracurricular activities and achievements, and no linkage between
extracurricular activities/achievements and learning outcomes/attributes.
Therefore, a well-defined information model is missing and thus goal setting
and development planning are infeasible.

(3) Learning activity participation: Not all extracurricular activities are captured
electronically in a single repository and no non-academic achievement record is
recorded or vetted by the institution.

(4) Consolidating learning experiences: Attendance and feedbacks of participating
in learning activities are not captured and thus learning experiences cannot be
traced [49].

(5) Reflection and observation: It is difficult in drawing statistical reports on
extracurricular activities because of the missing a well-defined information
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model with corresponding information in non-academic activities, and thus
reflection and observation are hard to be performed [33].

11.3.2 The Design: System Architecture

The first challenge for building a central repository is the selection of system
architecture and platform; however, there is no quick solution to transform a uni-
versity from being digital to being smart. Smart systems will not be built from
scratch, but evolved on existing systems and infrastructures.

The inevitable trend in building smart systems in smart universities is to enhance
and improve existing systems features and increase the level of automation gradually.
It is a long evolving process of developing a smart university by making a digital
campus work cleverer as well as smarter [11]. Fortunately, most institutions have a
centralized database for storing the academic learning histories covering admissions,
enrollment, registration, academic advising, degree audit, program and course reg-
istration, academic results and feedbacks, academic achievements, and academic
transcripts. They also keep major student life activity records and processes, such as
exchange, residence hall history, internship/campus work schemes, and student
development courses. These platforms normally allow the building of self-service
functions on top of the existing student information systems by sharing both the
database and application layers. Taking CityU as an example, the student information
system (SIS) is based on an off-the-shelf product (BANNER) with capabilities in
building self-service functions, which form an integrated platform. The platform is
called “administrative information management system” (AIMS) [50].

Figure 11.3 shows the high-level system architecture of an e-portfolio system,
where the database layer and the application layer of the existing system are being
used as the basis. The functional layer is re-defined in three groups:

(1) Administrative module for maintaining common code lists, which is a list of
attributes with codified meaning as shown in Table 11.2.

Fig. 11.3 System
architecture of the proposed
system
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(2) Extracurricular activities module for managing activity details, enrolments, and
attendances.

(3) Achievement module for submitting achievements by students and being vetted
by authorized staff.

A seamlessly integrated system provides a standardized look and feel of system
functionalities to all users and thus it may gain better user satisfaction because of
technology acceptance and perceived ease of use. Moreover, it may shorten the
implementation period and implementation cost by reducing system complexity and
increasing the system stability because all these hardware and network architecture,
as well as application architecture, can be re-used.

Mobile technology cannot be ignored when engaging learners in universities.
Tecmark’s recent research indicated that a person looks at the smartphone more
than 200 times a day [51]. Most learners in universities are around the age of 20,
when mobile devices are “something that they couldn’t live without” [52].
Therefore, the mobile-friendly design is a major consideration when choosing the
application platform.

11.3.3 The Design: Information Model

Figure 11.4 shows the proposed conceptual information model of a new type of
portfolio system in which learning outcomes and attributes are important elements.
Activity organizers and learners, however, do not have a standardized or consistent
way of defining and using the attributes, learning outcomes, and their mappings.

In fact, code lists and mappings of learning outcomes and attributes can be
defined at the institutional level by involving representatives from all departments.
These representatives will organize extracurricular activities and define a standard

Fig. 11.4 Information model
of the new portfolio system
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set of attributes as a result of reviewing the local employer survey and the insti-
tution’s strategic plan.

In 2010, the Hong Kong Government defined attributes based on the employer
survey conducted [5], the strategic plan of the institution [53], and literature review
relevant to personal development. Attributes can be grouped in different categories
including spiritual, intellectual, physical, social, psychological/emotional,
professional/career, and international. Professional/career related attributes may
include skills such as career planning, leadership, organization of work, language
proficiency, professional/business ethics, and application of professional knowl-
edge, while social related attributes may include skills such as team work, inter-
personal skills, negotiation, conflict resolution and communication skills, and civil
responsibility.

Learning outcomes and corresponding mapping with attributes can be identified
from graduate outcomes of the institution, as shown in Fig. 11.5. Tables 11.1 and
11.2, list out learning outcomes and the mapping with corresponding attributes
based on the graduate outcomes of CityU [54].

Fig. 11.5 Graduate
outcomes of City University
of Hong Kong

Table 11.1 List of learning outcomes

Learning
outcome

Description

GO1 Apply effective communication, language, numerical and IT skills to a
variety of professional settings

GO2 Apply multi-disciplinary critical thinking skills to solve problems and create
new ideas

GO3 Relate cultural awareness to collaborate effectively in a broad range of
teamwork situations

GO4 Generate a positive and flexible approach to lifelong learning and
employability

GO5 Reflect on the ethical and social responsibility required for professional
citizens in global society
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11.3.4 The Design: Personal Development Cycle

Learning Activity Participation. The major challenge of recording learners’
participation in extracurricular activities is that the expected learning outcomes of
an activity are sometimes difficult for learners to know, but can be purposely
designed by activity organizers. In addition, various organizing departments have
different ways of announcing activities, receiving applications and recording
feedbacks and attendance records. They may use standalone systems, Excel
spreadsheets, or even hardcopy forms.

In order to solve this design issue, not only the attributes, learning outcomes, and
the mapping between them should be defined clearly, but a centralized application
module in the same student information system for organizers to create and
maintain extracurricular activities, should also be developed. Activity information
can then be synchronized to the institutional announcement system so that learners
can receive personalized announcements from a single channel and perform online
registration effectively.

Trainers/supervisors can input feedbacks of a specific learner on a specific
activity and organizers can record the attendance as well. Learners’ participation in
extracurricular activities and achievements can be recorded centrally and
structurally.

Consolidating Learning Experience. The challenge of consolidating learning
experience is due to the missing link between extracurricular activities and
achievements as well as between attributes and learning outcomes. Low incentive
from learners on reporting achievements is another major challenge to keep
information complete in a centralized repository.

Each organizing department is being requested to define the related attributes of
an extracurricular activity when it is created. All organizers receive training to

Table 11.2 Sample mapping between learning outcomes and attributes

Category Attribute Learning
outcome

Professional/Career Career planning GO4

Leadership GO3

Organization of work GO3

language proficiency GO1

Professional/business ethics GO5

Application of professional knowledge GO2

Social Team work GO3

Interpersonal skills GO1

Negotiation, conflict resolution and communication
skills

GO1

Civil responsibility GO5
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ensure a common understanding to interpret attributes that are mapped to an
extracurricular activity.

Furthermore, having the system architecture, it becomes feasible to consolidate
learning experience because information models and the learning activity partici-
pation records can be stored in a central repository. A set of static reports, as well as
a generic reporting tool that allows flexibility in defining the search criteria, output
fields, and sorting/grouping orders, are implemented. These allow learners to
analyze their learning history from the point of view on either learning outcomes or
attributes and allow organizers to analyze data for facilitating decision-making.

By building capabilities of reporting achievements by students and having
authorized staff to perform vetting on the reported information is one of the major
ways of motivating students to self-report their achievements to the system.
Usability, achieved in the same system architecture as mobile friendly devices, is
another key factor to improve student motivation.

Reflection and Observation. The challenge of performing reflection and
observation in the personal development cycle is mainly due to a lack of complete
information being captured.

With the central repository being built, advisors and learners can conduct a
review of the learning history across different attributes and learning outcomes. In
addition, they can holistically review both academic and non-academic activities
being mapped to the same set of learning outcomes and attributes. Strength and
weaknesses can be easily identified and thus proper suggestions to students on
further improvement can be provided.

Goal Setting and Development Planning. The challenge of goal setting and
development planning in terms of extracurricular activities is its non-structured
nature. Any departments at any time for varying reasons may organize activities.
Achievements may appear in many forms. In contrast, an academic curriculum has
much clearer learning outcomes together with a series of pre-defined courses and
activities for learners.

An academic advisor can suggest a study plan and discuss with each learner at
the very beginning and monitor the progress from time to time on academic aspects.
Alerts can be issued to the learner and the academic advisor when there is an
indicator of potential deviation from the plan. Study plans can be revised to rectify
issues promptly, but this does not apply to extracurricular activities and
achievements.

With the proposed information model, goal setting and development planning
become feasible. Although it cannot be performed from the very beginning of a
learning lifecycle, it can be reviewed and defined from time to time based on the
accumulated learning history, the gained soft skills and abilities, and available
extracurricular activities instead of purely based on a learner’s personal interest and
time availability. At the same time, activity organizers in departments of a smart
university may then plan for the most desirable activities in the future based on
historical statistic instead of simply repeating the same activities regularly.
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11.4 Implementation Review

CityU has recently launched a system, CRESDA, which is built into the student
information system to record the extra-curricular activities and self-achievements in
a centralized repository according to the design described in the previous section. It
was implemented based on the concepts of personal development, outcome-based
learning, and e-portfolio to centrally record learners’ extracurricular activities with
linkage to the desired attributes/competences according to the graduate learning
outcomes as defined. It aims to assist learners in becoming smarter through
self-regulated learning in a smart university. An implementation review is, there-
fore, important before lifelong learning/professional development is further
explored.

11.4.1 Acceptance and Satisfaction

As a result of gathering comprehensive user requirements from academic depart-
ments and academic support units, a set of mappings between the learning out-
comes and attributes have been developed. These are readily available for activity
organizers and learners to link the learning attributes to extracurricular activities and
achievements correspondingly. The following key approaches were adopted during
the implementation with consideration of the implementation challenges as
discussed:

(1) Representatives of all user groups are involved from the very beginning
throughout the project [55]. Building trust and commitment to such a project is
a long process. It is essential to pull core stakeholders into the project from the
very beginning and empower them throughout the project lifecycle from user
requirement gathering, design, implementation, and evaluation of the system.

(2) Representatives of all user groups are involved during the user acceptance test
(UAT) and user training [56–58]. The involvement of user representatives in
the project early may also help the system to be accepted widely by all user
groups.

(3) The prototype methodology is adapted as “seeing is believing” [59]. With a
prototype that is expected to be identical to the future system, in both look and
feel of all functional design and screen navigation, stakeholders can make
comments and provide feedback more easily and actively during the design
stage. Problems identified during the design stage can be solved much easier
than problems identified at a later stage of the project because “prevention is
better than cure” [60].

(4) All types of potential users carried out the user acceptance test in order to
increase the success of the system [55] because involving representatives from
all potential user groups in testing may be treated as a part of user training and
may make it widely accepted by all user groups.
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(5) Psychological and emotional barriers or “Cognitive lock-in” [61] is one of the
major reasons of being resisted to a new information system. Phase approach by
delivering system functionalities in batches and gaining quick and small wins
can reduce the cognitive lock-in of an end user as well as an increase in the
possibility of gaining satisfaction through perceived ease of use and technology
acceptance [56]. As such, CityU has finished the implementation of Phase 1 and
is reviewing the continuous improvement of next phases.

(6) Perceived ease of use and technology acceptance has a positive influence on
satisfaction, trust, and commitment of an information system [56–58]. CityU
has designed a series of promotion activities tailored for different user groups.
Hands-on classroom training is designed for administrative staff while seminars
and demonstrations are designed for students for gaining perceived ease of
usage and technology acceptance, thus gaining the acceptance, trust, and
commitment. Other events, such as web-story and opening ceremony, are being
used to enhance awareness and buy-in.

11.4.2 Strengths and Areas for Improvement

The Phase 1 implementation was completed in early 2016 with a total of 27 user
representatives from all user groups participated in and endorsed the user accep-
tance test. These user representatives developed test cases while technical staff set
up the testing environment with pre-requisite data. A pre-UAT briefing was con-
ducted in order to ensure user representatives familiar with the testing procedures
and methodologies. Each user representative can test the system using different
simulated user privileges. Major positive feedback includes:

(1) The available learning histories, together with the associated learning attributes
associated with extracurricular activities, make learners think in terms of
achieving goals and learning attributes from activities.

(2) The predefined list of attributes and learning outcomes make the definition be
transparent and standardized.

(3) A central repository can facilitate decision making by obtaining an overall
picture with using the generic reporting tools.

(4) The available data in a central repository can help learners review their learning
history, plan for future learning activities, and facilitate their resume building
for job seeking so that learners may have more control over their learning.

(5) Mobile friendly design can encourage user acceptance.

The following enhancement opportunities were identified:

(1) For a better self-reflection by each fresh graduate, it is required to be facilitated
in generating customized resumes from their learning histories by matching the
attributes that employers are looking for.
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(2) For assisting learners in learning plan development, it is required to provide an
automatic enrolment feature or alert feature based on the predefined criteria to
better facilitate self-regulated learning.

(3) Different learners participating in the same activity may gain a different level of
knowledge and skills [5] and therefore it is required to build a linkage between
extracurricular activities and achievements in order to make them traceable.

The implementation provides an e-portfolio tool to supplement existing systems
of academic learning activities covering also the extracurricular learning activities
and facilitating learners to plan their learning based on the required graduate out-
comes. Phase 1 implementation was completed and is being planned for
university-wide launching followed by a quantitative review [37, 38].

11.5 Extending to Lifelong Learning and Professional
Development

The need for CPD. Professionals, such as engineers, need to take opportunities to
update their depth and breadth of knowledge and expertise by means of continuous
professional development (CPD) and to develop those personal qualities required to
fulfill their roles in industry and in society. Therefore, the practicing professionals
should aim to remain competent throughout their working careers so that they can
properly carry out their various duties [16].

CPD covers not only technical matters, but broader studies of importance to
professional engineers in advancing their careers such as communication, envi-
ronmental matters, financial management, leadership skills, legal aspects, market-
ing, occupational safety, and health and professional ethics. Similar to learning in a
university, the format of CPD activities are flexible and may include participating
and organizing courses, lectures, seminars, conferences, presentations, workshops,
industrial attachment and visits, e-learning, and other professional activities.

Challenges in CPD. While a lot of professional bodies in engineering are
adopting the approach of competence-based assessment of experience, the major
difficulty for standardizing professional competency requirements for all disciplines
is the need to clearly define learning outcomes in each knowledge domains and
define benchmarks for each unit of competency. This is very similar to the chal-
lenge of how extracurricular activities are mapped with outcome-based learning in
the context of a smart university. In a continuous professional development, soft
skills building through unstructured curriculum occurs even more than in a uni-
versity. A major challenge is to facilitate self-regulated learning for professionals
and allow more flexibility in matching the CPD requirements. With the recent
advancement of technology, learners may learn from various open sources such as
massive open online course (MOOC). Therefore, MOOC may be a potential source
of information for building the e-portfolio in facilitating learners’ goal setting,
planning, and self-evaluation through enhancing their self-regulated learning.
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Can MOOC help? There are no formal definitions for a MOOC. The Oxford
Dictionary defines it as a course of study made available over the Internet without
charge to a very large number of people; Wiki defines it as an online course aimed
at large-scale interactive participation and open access via the Internet. In addition
to traditional course materials such as videos, readings, and problem sets, MOOCs
provide interactive user forums that help build a community for the students,
professors, and teaching assistants (TAs). Of course, there is still room for
improvement on the level of interactive participation for the time being.

Such a platform may accommodate a large amount of course materials and
support a large amount of users, which may have a good potential to support CPD
for the professional community. The content may include courses at various levels,
seminars held at various times and places, live demonstration of specific skills, etc.
The user group may include professionals such as engineers; students who may
want to become a member of a professional body; and even the general public who
may want to acquire skills and knowledge in the certain discipline of professionals.
In this sense, the board concept of MOOC can certainly help.

The content for supporting the professional development can be at various
levels. At the university level, the academic programs in engineering disciplines, for
example, that have gone through the accreditation process can be put on the MOOC
platform. These may help engineering students enrich their choice of electives
which may not be offered in one university but can be found in others. If this
concept can be extended to other engineering programs under various recognition
schemes like Washington Accord, the choice of engineering courses may be widely
open and this can enhance the engineering education in general. This concept may
be applied to other professional disciplines.

At the CPD level, this can be even more flexible. Currently, there are numerous
seminars organized by various organizations. Using CPD for professional engi-
neers, as an example, the contents of these seminars and talks can be put online.
This means professional engineers may now have more options to fulfill their needs
and requirements in professional development. For example, when having diffi-
culties in finding CPD training in a particular type of soft skill such as safety, a
generic essential training element for all engineering disciplines, in their areas may
find it easily in other engineering disciplines. Thus, putting seminars and talks of
CPD nature on MOOC may help professional engineers to further develop them-
selves according to their needs and fulfill the CPD requirements as defined by the
corresponding professional association they belong to.

Issues when adopting MOOC for CPD. When adopting the concept of MOOC
in supporting the training and CPD requirements of professional engineers, though,
there are certain areas that need to be addressed before it can really help [16].

(1) In order to make the contents of MOOC searchable by learners, these content
materials can be treated as learning objects. Each of these learning objects will
need to be accompanied by a set of learning object metadata (LOM). The IEEE
Learning Object Metadata (LOM) standard [62] defines a learning object as any
entity, digital or non-digital, that may be used for learning, education or
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training. It aims to facilitate the searching, evaluation, acquisition, and using of
learning objects by learners, instructors, or automated software processes.
Metadata is the data about a learning object, including attributes about the
metadata itself, the measures and controls of the contents, its physical prop-
erties, description of the contents, and its contextual use. This information may
help learners obtain relevant learning resources easily [63, 64]. The sharing of
learning resources on MOOC is more convenient and practical with the use of
metadata.

(2) Although seminars and talks are relatively smaller units than courses in terms of
length and materials to be covered, it is worth specifying its intended learning
outcomes with descriptions of its content before putting it on the MOOC
platform. Such a mental exercise from the authors or organizers make it a
natural screening process for putting only valuable contents with clear learning
objectives on the MOOC platform.

(3) A competence model is required to clearly define the requirements of a pro-
fessional discipline. The generic model of competence for all disciplines defines
the general educational requirements and the number of years of relevant
experience. Each discipline may need to define the domain knowledge con-
tained and its level of attainment. The representation of professional compe-
tence requirements in ontology helps professionals clearly understand the
domain knowledge and skills that they must acquire. Discipline panels may
maintain and update these competence components and knowledge domains.
The competence model provides a basis for accreditation of engineering
degrees and for a professional assessment.

(4) A training path can be considered as a learning sequence in which a learner may
study the courses, seminars, talks, etc., according to a set of pre-defined rules.
A training path is established from the training goals and training history of a
learner [15]. The setting of the training goal by professionals provides a better
control of training by themselves so as to achieve self-regulated learning.
A mechanism is required to categorize the competency requirements of pro-
fessionals, like engineers, using ontology for different disciplines, to automat-
ically record their learning progress and qualifications, knowledge, and skills
they gained, and to propose personalized learning paths based on these infor-
mation. Professionals may first set up their respective training goals. With
reference to their training history and the competence model, they may identify
their training needs from the course and seminar information available on the
MOOC platform. The stated intended learning outcomes on the MOOC for
corresponding courses and seminars can be used for matching against the
competency level of respective engineering disciplines. Possible technologies
to be adopted include Semantic Web ontology technologies and IEEE LOM
standards to define the category and details of each competence components,
course information, and training record ontology for learners. Supervisors or
human resource managers may define the training targets with learners based on
learners’ training history and propose personalized training paths to learners.
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A professional engineer may need to keep records of qualifications, knowledge,
or skills one possesses to identify a clear training goal. With reference to a clear
goal and the corresponding training logs, learning advice would be more
concise and relevant by matching course information against ones’ current
competency level. The courses to be suggested to a learner and the sequence of
these courses form the training path of the learner. The sequence of the sug-
gested courses are set based on a set of rules in order to ensure the suggested
learning path fits the learning goal the most.

(5) After the competence components for engineering disciplines and the intended
learning outcomes of training materials have been clearly specified, it is pos-
sible to build an individualized CPD portfolio for engineers. The building of
such a portfolio can be part of a larger personal development portfolio that can
be used to demonstrate the fulfillment of CPD requirements. There are many
challenges in building such a portfolio system. Specifying outcomes clearly is a
difficult task. A program of study, a specific course, a seminar, or even a visit,
may have a series of goals or outcomes for a learner to achieve; however, the
outcomes have to be specific before they can be measured. The information to
be collected in such a portfolio includes several major entities: learning out-
comes, activities and achievements, reflections, and abstracts. This information
may help learners organize their learning objectives and track evidence of their
achievements and competence [33]. The portfolio should reflect the learning
process according to the selected learning path dynamically. Through iterations
of action planning, activities participation, affirmation of achievements,
self-reflection, and refining the intended learning outcomes, professional
engineers should assume responsibility for improving themselves. The process
enhances their critical thinking and meta-cognitive capacity, meaning they
know what they know. The dynamic portfolio process consists of four func-
tions: planning the goals, recording the activities, linking the achievements to
learning outcomes, and reflection.
There are a lot of accomplishments of a learner at different stages, especially in
intensive training as a trainee. The ignorance in understanding learning attri-
butes may lead to a lack of reflection during the learning process and lead to
difficulties in linking evidence of achievements to the learning goals. The
outcome-based portfolio construction is focused on defining the intended
learning outcomes, recording the learning activities, collecting learning
achievements, and linking them to intended learning outcomes.

(6) In order to maintain training contents on MOOC, a vetting mechanism is
desirable. Such a vetting mechanism will rely on the setting up of a panel,
which consists of domain experts in the professional disciplines and in areas
relevant to the CPD requirements. The main focus of such a mechanism is to
check whether the specification of the intended learning outcomes of a training
unit has been properly done and check whether such intended learning out-
comes can be mapped to the competence components of respective disciplines.
The requirement on such a clear specification of intended learning outcomes
may help the content providers think carefully as to how the courses provided
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can map to the competence component at varying level. This may, in turn, help
professionals find the right courses fulfilling their training requirements.

Continuing professional development (CPD) is a commitment by all profes-
sionals to continually update their skills and knowledge in order to remain pro-
fessionally competent. The challenge of defining a competence-based approach in
assessment is similar to that of defining an outcome-based approach in extracur-
ricular activities in a smart university context. The issues in adopting MOOC in
helping professionals meet the training and CPD requirements are similar to the
implementation of CRESDA in CityU. The common issue is to solve difficulties in
providing learners the abilities in setting their learning goals, planning their learning
activities, evaluating their learning histories, and providing assistance in advising
proper learning materials and learning paths. These again rely on their
self-regulated learning ability, which can be enhanced through the development
e-portfolio. Keeping these records in a portfolio of professional development may
help them further develop themselves professionally in the long run.

11.6 Discussion

Although the implementation of CRESDA is in a university setting, it can also be
extended to handle lifelong learning because it shares the same personal develop-
ment cycle and challenges as what learners in universities are facing for personal
development. This session discusses some areas requiring further studies and some
potential contributions in different aspects:

Further studies. The proposed design can contribute to research domains,
including smart university, lifelong learning/professional development, e-portfolio,
outcome-based learning, whole person development, and learning analytics.

(1) Whole person development involves not only the academic knowledge, but also
the skills and knowledge to be gained through extracurricular activities and
self-achievements. Extending the data landscape of learners from academic
activities and achievements only to also covering non-academic activities and
achievements can fill the gap between learners and companies’ needs. This data
landscape needs to be further refined.

(2) The learning outcomes can be applied to link up the extracurricular activities.
This linkage may provide an overall picture of a learner on both academic and
extracurricular achievements, joining a series of learning activities linked with
the same set of learning outcomes under learners’ self-control. Defining a set of
clear learning attributes for various learning activities in achieving the intended
learning outcomes becomes an important issue to address.

(3) Learning analytics is an emerging research area, where the majority of the
researches were focused on the prediction of student success from students’
academic performance, demographic, and psychological information. Only
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30% of the variance in student success can be explained [65]. It was validated
that including non-academic skills and achievements can enhance the accuracy
of classification models in learning analytics for predicting student success [66,
67].

(4) Including the non-academic skills and achievements into e-portfolio can
enhance the portfolio and thus improve the prediction power of learning ana-
lytics [68]. Measuring the level of competence of soft skills, however, requires
further studies.

(5) One of the indicators in a smart learning environment is the ability to provide
capability and flexibility in learning activities, planning by both the learners and
designers, and in goal setting, for lifelong learning and professional
development.

Potential Contributions. In a practical point of view, this can contribute to
various stakeholders in the teaching and learning processes:

(1) Institution: can make use of the information for better decision-making. It also
facilitates the institution in providing a better learning environment for the
teaching and learning. While the institution and ranking agencies put more
focus on internationalization and graduate employability [53, 69], having a
centralized repository for related activities can facilitate record keeping, activity
planning, and analysis in order to create a better policy to improve the level of
internationalization and students’ skills for better employability.

(2) Curricular designers: can review and revise their learning activity designs for
enhancing student success with the extension of data landscape of learners
since student development outcomes through non-academic activities and
achievements, are critical for research on the course and curricular design [65].

(3) Activity organizers: can make use of the information to enhance activity con-
tents, frequency, timing, and targeted students for the purpose of enhancing
students’ whole person development as well as employability. Instead of
organizing activities in a routine way following previous years’ practices,
activities can be planned in a much better way based on various factors such as
what activities can improve students’ learning outcomes and employability,
when will be the best time for an activity, which activities are most popular, etc.

(4) Teachers or advisors: can monitor and evaluate student’s learning progress in
both academic and non-academic activities and achievements in order to pro-
vide more accurate suggestions to student’s study paths and provide inter-
vention to at-risk-students timely and effectively. Proper alerts and intervention
are useful for teachers and advisors to provide personalized learning activities
and materials to students in academic side. Compared to assessing and giving
advice purely based on students’ academic results, teachers/advisors can now
provide suggestions with overall considerations.

(5) Learners: can better know their strengths and weaknesses during self-reflection
and self-awareness with consolidated information on both academic and
non-academic achievements. It helps students to review and revise their study
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plan and also enhance their self-regulation level. This further improves their
engagement and, thus, their learning outcomes. Instead of applying activities
simply based on interest and time availability, students can plan their partici-
pation based on accumulated learning outcomes that they have already gained
and compare this with the actual learning outcome to be achieved.

(6) Employers: can better match potential candidates against recruitment criteria
based not only on academic performance, but also on evidence of what soft
skills candidates have developed and achieved.

(7) Professional assessment body: can assess one’s ability in a more structured and
systematic way.

11.7 Conclusion

In this fast changing environment caused by digital enablement, the amount of time
for face-to-face lectures is decreasing; hence, the amount of time for self-regulated
learning will need to be increasing with more and more self-learning activities
followed by self-evaluation. Universities must maintain their leading role in pro-
viding a more flexible learning environment in order to facilitate better
self-regulated learning and transform from a smart university into an even smarter
one. Due to this, both teachers and students may enjoy better learning through
higher participation in learning activities more efficiently and effectively, with
collaboration to achieve a common objective of better learning [7]. A smart uni-
versity can enhance learners’ self-regulated learning and allow them to plan and
evaluate their learning in a more effective way and extend it to their lifelong
learning and professional development throughout their career life.

The proposed CPD model and the CRESDA system provide a mechanism in
associating intended learning outcomes to learning courses and learning activities,
which facilitates learners in selecting the most desirable learning courses and
learning activities dynamically according to their personal needs in achieving the
various goals at different stages in the lifelong learning process. Thus, they have
more control in managing their own lifelong learning process. A smart university
may facilitate learners in achieving smart lifelong learning in terms of adaptation to
the dynamic needs of learners to allow a greater degree of self-directedness and
self-organization with the help of suitable learning technologies. When learners
establish personal learning goals by reviewing their learning history in the
e-portfolio and reflecting on their current learning activities, they may select
learning courses or learning activities recommended by the proposed CPD model
and the CRESDA system by means of mapping the learning outcomes of learning
activities to desirable attributes to be achieved. Learning path recommendation
becomes feasible and, thus, learners may manage their learning in a self-directed
and self-organized manner. Since learners may have different requirements on
selecting learning activities in terms of not only the learning outcomes, but also
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learning pace and learning style, the proposed CPD model and the CRESDA
system may be adaptive to the needs of learners dynamically and thus may help the
university to move one step forward towards a smarter university.

In this chapter, we reviewed smart universities and discussed the role of
e-portfolio in both lifelong learning and personal development with the
outcome-based education framework. Common challenges were identified, a sys-
tem implementation was proposed, and an actual implementation in CityU was
reviewed. A model combining training contents on MOOC with intended learning
outcomes specified clearly, together with competence based definitions and per-
sonalized training portfolio, may help professionals fulfill their CPD and training
requirements.

It is expected that the portfolio design proposed in this chapter may provide a
useful reference for researchers and institutions in keeping learning history and
promoting student success, including employability and continuous professional
development.
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Chapter 12
Towards Smart Education and Lifelong
Learning in Russia

Lyudmila Krivova, Olga Imas, Evgeniia Moldovanova,
Peter J. Mitchell, Venera Sulaymanova and Konstantin Zolnikov

Abstract This paper describes the experience of introducing smart technology into
the educational process at a Russian university between 2010–2016. Particular
attention is paid to such innovative and smart techniques as training sessions, group
teaching methods, role-playing games, the use of smart components, etc. The
authors propose a method to enhance students’ motivation for independent and
life-long learning. This approach was trialed with students majoring in power
engineering and the results are discussed. The main challenges in introducing smart
technology are described, and areas for future development and improvement are
identified.

Keywords Smart technology � e-learning � b-learning � Independent learning �
Lifelong learning

12.1 Introduction

In the 21st century, engineers and university graduates need to be able to find
information, making use of scientific and technological innovations, and interact
with colleagues abroad. Moreover, innovative solutions to professional problems
require a new approach. Universities should therefore focus on the individualization
of professional training using smart technology. In this context, a new approach in
the educational process (smart technologies) provides universities the opportunity
to meet the requirements of consumers and employers. Smart education is a new
educational paradigm that involves the implementation of an adaptive educational
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process using a range of smart information technologies. Smart education should
provide the opportunity to benefit from the global information society, and to meet
educational needs and interests [1].

The educational system in Russia is not immune to the influence of economic
and geopolitical factors. One of these factors is the network economy that underpins
international cooperation. In the context of globalization, academic mobility is one
of the most crucial indicators of assessment for university performance, as well as
the quality of education overall. Thus, globalization processes create a need for new
forms of education, such as intercultural and transnational education. In Russia, the
reforms envisaged by the Bologna process are now being felt by universities [2].
Internationalization of higher education requires the development and accreditation
of modern curricula as well as new, more effective teaching techniques. Innovative
technologies such as smart technologies determine the attractiveness of a university
in the educational market. Their use meets the requirements of the educational
environment, namely, to cater for a wide variety of all possible participants of the
educational process.

The advantages of using smart education are in its unique ability to apply
modern Information and Communication Technology (ICT) in: (1) the educational
process; (2) new methodological and pedagogical educational approaches;
(3) classrooms, (4) independent learning, etc. [3]. Smart technologies such as:

1. open educational resources for information (in addition to lectures, seminars,
books, etc.);

2. new student-teacher and teacher-student relations;
3. a new testing and assessment approach;
4. a new approach to organization of communities (Internet community, profes-

sional community, etc.)

enabling restructuring of the educational process.
Rapidly evolving technologies lead to the rapid “aging” of knowledge (about

15–20% per year) [4]. Therefore, most obtained knowledge may become irrelevant
within 3–5 years. In this case, the crucial goal of modern education is to develop
self-learning skills and provide motivation for lifelong learning. Moreover, a smart
approach to the educational process provides a wide range of possibilities for
e-learning, blended learning (b-learning), etc.

The introduction of e-learning began in South Korea in 1997. Currently, there
are 20 cyber universities with electronic educational services. Smart Education in
South Korea is based on the concept of the country’s competitiveness growth with
limited natural resources. This is supported by the World Bank defining the cate-
gory of “national wealth” as equal to 5% of natural resources and 77% of
knowledge and skills.

In the modern world, traditional approaches may not be suitable for solving
certain engineering challenges. Consequently, we need specialists who can quickly
respond to any changes in the environment, to adapt to them, and to be engaged in
continuous self-education. A modern specialist can be educated only through direct
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interaction with the professional community. A combination of group teaching
methods, game teaching methods, interactive tutorials, and student collaboration
connects students, teachers, and instruments, thus enriching the learning process. In
this case, a smart environment and smart instruments support smart learning but are
not sufficient in themselves. When introducing smart technologies to the educa-
tional process, the following aspects are especially significant:

• the readiness of a teacher to use smart technologies;
• the psychological and social features of students;
• a combination of student-centered, communicative, and socio-cultural approa-

ches; and
• use of modern pedagogical principles.

A teacher should have creative skills, which allow him/her to leave behind
professional stereotypes and find new solutions. In addition, in using smart tech-
nologies a teacher is able to minimize students’ feelings of anxiety and uncertainty,
which are typical for freshmen.

In our opinion, organizing a learning process based on teacher-student cooper-
ation seems to be the most effective approach. Cooperative learning promotes
student adaptation to the new environment, their personal growth, and professional
development.

12.2 Literature Review

Issues of professional education have been widely discussed for an extended period
of time. Since the middle of the 20th century, associations of engineers have been
formed, followed by the establishment of engineering educational associations
around the world. The latter have formulated requirements regarding graduates of
engineering programs; however, the best ways to fulfill their sets of criteria are still
discussed.

12.2.1 Student-Centered Approaches

It has been observed that the inclusion of scientific and engineering tasks in the-
oretical disciplines improves the learning outcomes of freshmen students [5].
Several universities have implemented Project-Based Learning in Engineering [6].
Universities are not always ready to undertake such drastic reforms, but they are
forced to find and implement new approaches. For instance, in [7], the author
emphasizes a new approach based on supervising students rather than traditional
teaching. This method enhances student motivation to find correct answers and new
ideas while broadening students’ scope of interests. The author of [7] develops new
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social learning technology using existing ones: ontologies versus social tagging,
exploratory search, trust, reputation mechanisms, etc.

Modern Digital Natives (students) make university faculty develop various
distance learning platforms and online content. The new generation of students is
accustomed to rapid satisfaction of their interests, so they strive to be involved in
creative processes, gamification, and collaboration with fellow students and other
participants of the educational process [8]. The authors believe that the
socio-psychological characteristics of today’s students require the creation of a new
educational environment that meets their needs. In [9], principles were formulated
that should be incorporated into the educational process to encourage students
toward a lifetime of learning. It is assumed that lifelong learning skills are based on
the skills developed while studying at school and university. It should be assumed
that open, context-aware, ubiquitous learning environments are intended to be a
foundation for supporting lifelong learning [10]. The authors develop criteria for a
smart learning environment and note that the presence and promotion of new
computer, communications, and sensor technologies are not sufficient to create such
an environment. The creation of a smart learning environment should involve
experts in different fields of education: educational theory, psychology, computer
science, information technology, and, of course, college professors, academics, and
school teachers. A properly designed educational environment is required for both
online and face-to-face activities.

Issues of motivation have been widely discussed, both in Russia and abroad. For
example, Kegan [11] developed a 6-level model of student motivation based on
Maslow’s 5-level model [12]. This model enables the determining of the initial
level of student motivation and developing an individual learning path in order to
enhance intrinsic motivation, which is an important factor in the success of edu-
cational outcomes.

12.2.2 Learning Systems

Nowadays, educational systems aim to make use of innovative approaches. One of
the most popular forms of innovative education is smart education. Components of
smart education (a smart environment, smart campus, smart learning, and smart
classroom) are described in [3, 13, 14] in detail. Based on an analysis of traditional
and distance learning, the authors conclude that properly organized e-learning and
innovative tools (online counseling, webinar, digital white boards, online assign-
ments, etc.) do not lead to a deterioration in the quality of learning outcomes. This
is supported by a comparative analysis of ranking scores.

According to Tikhomirov [15], e-learning is becoming routine; however, the
question of students’ readiness for e-learning is still under discussion because
e-learning is actually independent study. Education is a complex process comprised
of the accumulation and transformation of knowledge, mindset formation, and
formation of a personality that is ready for self-development. It is believed that
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innovations in the educational process improve the efficiency of cognitive processes
and positively influence the quality of outcomes. A good example of innovative
technology being implemented intensively throughout the world is blended learn-
ing. Concurrently, methods for the analysis and monitoring of learning outcomes
are being developed [16].

Learning management systems (LMS) such as WebCT, Moodle, dotLRN, etc.,
are widely recognized as reliable control and management systems in education. In
a study of blended learning and student satisfaction, it was shown that online
teacher-student communication is not effective [17]. A survey reported in [18]
shows that 84% of respondents noted that online feedback was unsuccessful and
only 1% received too much feedback online from their teacher. Forty-six percent
did not receive sufficient helpful online feedback from their teacher as opposed to
15% who actually received sufficient help. Students were satisfied, however, by the
organization of the e-learning systems: 69% of students responded saying that they
understood how the website for their unit related to the whole unit of study. In [19],
over the course of 4 years, a blended model was examined in order to analyze its
effects on the quality of education as well as the opinion of teachers and students
regarding the model. The authors showed that both students and teachers had a
positive attitude toward e-learning. The students involved had a unique opportunity
to study subjects according to their own day plan, to use IT tools for acquiring
skills, and to have free access to teaching aids. Moreover, they were emphatic that
the knowledge assessment system became more understandable. While there were
positive responses, the surveys also showed that the quality of communication
between students and teachers was deteriorating. Forums and chats cannot substi-
tute face-to-face communication. Some universities, though, such as Illinois State
University and Idaho State are developing a variety of pedagogical concepts and
technologies based on b-learning and implementing them at different levels of
education (middle school, high school, university) [20].

12.2.3 Integrating e-Learning

In [21, 22], existing schemes of e-learning integration in the educational process are
described in detail. It is noted that the development of e-learning courses for the-
oretical disciplines met some challenges. Although e-learning is an appropriate
means of practicing lifelong learning, it does not provide future engineers with deep
theoretical knowledge. This theoretical knowledge is developed only by personal
communication with a teacher. The study [23] included a comparative analysis of a
survey of the mobile learning preferences of faculty involved in teaching language
and science courses. Aspects such as ease of use, continuity, relevance, adaptive
content, multiple sources, timely guidance, student negotiation, and inquiry learn-
ing were examined. The authors found significant differences in the requirements
for mobile language and science courses. Therefore, according to the language
specialists’ opinion, adaptive content is a key part of a mobile course. This
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enhances teaching effectiveness and improves students’ learning outcomes, yet
teachers of theoretical disciplines believe that a mobile learning environment and
interaction or inquiry learning in the real world are more important. These con-
clusions are consistent with additional studies [17, 18]. Because of this, the authors
of this paper suggest an individual approach and appropriate methodology for
designing a mobile course. In addition, the structure and the content of a mobile
course depend on the learning strategy (b-learning, e-learning, etc.). For instance,
teachers are skeptical about studying higher mathematics using e-courses. This is
explained by the fact that successful studying of mathematics is based on the
development of skills and subjects, which can be achieved by adhering to the
following components:

1. Acceptance: intention to learn mathematics;
2. Reaction: intention to participate in math activities;
3. Value: active acknowledgement of the practicality of mathematics and promo-

tion of math activities;
4. Organization: integration of mathematics concepts into the student’s personal

value system; and
5. Confirmation of value: personal identification with math concepts and values

[24].

Some e-courses are used solely as an e-library with teaching materials uploaded.
Good examples of the successful introduction of an e-course are provided in [21,
25]. The authors utilized e-courses to teach a theoretical discipline to first-year
students. The problem solving portion of the course was conducted online. In this
case, the problem solving was checked by the teacher and automatically assessed.
Only student counseling was arranged face-to-face. The students successfully
completed all the online tasks before being permitted to proceed to the exam.
Theoretical tasks and issues were discussed during lectures, understanding of which
was assessed in the exam. The authors considered the experiment a success due to
the fact that only those students who completed the e-course management to pass
the exam with the highest grades.

Despite sustained discussions about the inclusion of industry representatives in
the educational process as active participants, only a few papers are devoted to this
issue. Most examples relate to medical social worker education and describe the
experience of collaboration with organizations during senior undergraduate courses,
as well as at graduate levels. For instance, [26] examines an interdisciplinary project
in bioprocess production between graduate students and industry representatives.
Such an approach not only motivated the students, stimulating their creativity,
critical thinking, collaboration, and communication, but also allowed the students to
gain expertise in allied professions, as well as establishing contacts with repre-
sentatives of laboratories and companies producing biotech materials. The most
appropriate scheme for engineering education is a gamification model. In [27], there
is a comprehensive overview of existing models of gamification. The paper also
describes in detail the author’s model of using smart technology based on external
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motivational tools, which was implemented in the educational process. The authors
conclude that the main goal in successful learning—motivation of students—was
mostly achieved.

12.3 Goal and Objectives

The literature shows that the introduction and use of smart technology is still open
to discussion. In higher education, there is no universal tool in the development of
new approaches to smart education. Independent learning and motivation to lifelong
learning, in our opinion, could be considered key elements of smart education. In
addition, we offer a unique method for involving students in the work of profes-
sional communities from the earliest days of study.

Nowadays, educational systems are attempting to meet the needs of national
economies throughout the entire world. Universities are forced to adapt to
employers’ requirements. In modern conditions, a stereotypical approach in solving
professional problems may not be suitable in some cases. Consequently we need
specialists who can quickly respond to any changes in the environment, and who
are continuously engaged in their own professional development. Modern freshmen
often have obscure ideas about their role in the educational process at their uni-
versity, about the amount of new information they will obtain, and their future
specialty. A properly organized educational environment would help students
quickly adapt to their new lifestyle.

University years coincide with a period of intensive personal development in a
physical, intellectual, social, and moral sense. While attempting to adapt to uni-
versity life, the educational system and university relationships could prove chal-
lenging to new students. A successful start in the learning process requires students
to have qualities such as self-discipline and self-organization. They became
accustomed to parents’ and school teachers’ assistance to the point that finding
themselves in a new environment leaves some freshmen diffident, burnt-out and
passive, gradually losing grasp of the prospects for furthering their studies.
However, not only students, but also faculty, are interested in effective student
adaptation to university life [1]. In this case, one of the main challenges for aca-
demic staff is helping students during their social, psychological, and academic
adaptation to university life; forming soft skills as well as necessary professional
and general cultural competencies as part of student academic activities; and
developing their personal academic pathway. Moreover, it is crucial to motivate
independent learning and the development of special learning skills.

The problem of fostering motivation for independent and lifelong learning has
been well studied. Some papers present a statistical analysis of low motivation
problems and provide some recommendations for its improvement. Some methods
for increasing motivation show a positive result, but are strictly limited to specific
conditions. Modern education requires universal methods for developing student
motivation for independent and lifelong learning. Let us note that, in Russia,
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priority is traditionally given to theoretical disciplines. Faculty attempt to resist
replacing theory with professional disciplines. In the situation of decreasing
face-to-face hours, faculty strive to preserve a deep theoretical education and often
invite students to study theoretical and unresolved issues and problems indepen-
dently. However, first-year students generally do not have the skills to gain the
knowledge that they need. These skills should be taught, and the introduction of
new educational technology should meet teaching objectives and be monitored at
all levels of learning outcomes.

One of the key principles in education should be the organization of a smart
environment based on the principles of “inverted” education, modified to develop
motivation for independent learning (“role reversal education”). “Role reversal”
education is an educational model where the students initially obtain information on
a specific topic independently. The students then discuss this topic with their tea-
cher and fellow students in the classroom. As a result of the discussion, this new
information becomes a basis for further research. Moreover, some courses are
taught in English as this model of education involves global educational content in
order to acquaint students with the latest developments and achievements in their
chosen profession. When introducing the principles of “role reversal” education, a
teacher should “claim ignorance of the topic” and discover it together with the
students, thereby creating an atmosphere of close collaboration and cooperation in
cognitive activity. Using this approach, knowledge of theoretical disciplines will be
a vital tool for the development of interdisciplinary problem-solving skills.

Thus, the goal of our study is to create an educational model that takes advantage
of smart technology and the principles of lifelong learning in order to achieve the
sustained involvement of students in education inextricably linked to professional
skills. For the achievement of this goal, we have set the following tasks:

1. To organize an educational smart environment that requires free access to all
educational resources, modern equipped classrooms, etc.;

2. To develop students’ skills for independent learning;
3. To enhance students’ motivation for lifelong learning; and
4. To create a curriculum that includes the interaction of students with professional

communities.

12.4 Theoretical and Methodological Framework

Professional training of modern specialists can no longer be based on the traditional
approach in higher education, when paradoxically the equipment and technology of
the workplace are ahead of the educational program and its content. Companies are
more interested in a specialist who knows not only the fundamentals of their
specialty, but who are also able to break stereotypes, to innovate, and to create.
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12.4.1 Organization of Smart Education

One of the major roles of a university is education. Nowadays, universities use the
most progressive and sometimes even futuristic ideas to motivate students to
acquire new knowledge and information, and to form the ability to find creative
solutions to professional tasks. Thus, one of our objectives is to create a smart
environment that will support a creative approach to professional activity. It is
expected that this approach will lead to forming students’ skills in generating
innovative ideas, developments, and improvements. An integral part of such an
educational environment is global technical equipment: unlimited access to the
Internet at the university and campus, classrooms with projectors and smart boards,
classrooms with student feedback, and modern equipped laboratories. For the
organization of student independent work and cooperation, we use the LMS
Moodle.

Cooperative learning. In this case, the role of the teacher becomes more
complicated. Teachers are no longer “a translator of knowledge”. Rather, they
become effective managers of educational activity known as smart teachers.
A smart environment and smart teacher are the main components of introducing a
smart approach. In addition, a modern specialist should be properly educated in
cooperation with the professional community.

Since 2010, at the Department of Electric Power Systems at Tomsk Polytechnic
University (TPU), a group of 10 masters’ students have been annually recruited to
study on an individual educational pathway plan for a two year period. At the same
time, power company specialists are involved in the educational process ensuring
that classes are delivered not only by university staff, but also by the best specialists
in this area. Laboratory work is organized using real equipment and the input data
are approximated to reality. Practice is organized individually to involve students in
solving professional tasks in lifelike conditions. As a result, we have a unique circle
of cooperation that involves students, faculty, and the professional community in
the smart environment (Fig. 12.1).

In addition to the above, the smart content is created, not only by faculty, but
also with the participation of power industry specialists, as well as students (based
on their questions and new ideas). Such an approach allows students to obtain

Fig. 12.1 Circle of
cooperation
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real-world knowledge that is applicable to their future professional activity. Thus,
the university is becoming a place of professional independent learning.

Obviously, professional disciplines follow deep knowledge of theory. Therefore,
interdisciplinary connection and a systematic approach are crucial for the successful
development of professional skills. This should be achieved through specific tasks
transformed from general theoretical knowledge to expertise. That is, students
should always be sure that the knowledge obtained could potentially be applied in
order to solve other more complicated and unresolved tasks. Group teaching
methods and role-playing games are considered the most productive learning
techniques. For example, the course “Power Stations (in English)” was delivered in
classrooms with free Internet access and multimedia devices. The students were
divided into three teams: one team of investors and two teams of power plant
designers. The designers had to develop and present a new design of a power
station without restrictions on the equipment and information used. The team of
investors had to ask questions, discuss, and then choose one project for financial
support.

Student motivation. To enhance student motivation to study professional dis-
ciplines in a non-native language, productive and reproductive types of tasks should
be used. Unfortunately, not all students have sufficient language and professional
skills, potentially leading to a number of difficulties with creative tasks. Simple
tasks in combination with more sophisticated tasks will allow the potential of every
student to be discovered and ensure a comfortable environment, developing pro-
fessional language competence.

In addition to the basic educational program, students have the opportunity to
participate in a double degree program. At TPU, an intensive language training
program has been developed for students who would like to obtain a double degree
diploma. This reinforces motivation for foreign language learning and for devel-
oping the professional competencies necessary for communication with colleagues
from other countries. As noted above, independent learning is one of the main parts
of the educational process. Nowadays, one of the most affordable methods for
organizing independent learning at TPU is the LMS Moodle. To date, more than
1,000 courses have been developed and are being used for e-learning and
b-learning. It should be taken into account that theoretical and professional disci-
plines require rather different approaches in terms of web-course development, as
they are conducted at different levels of the educational process. Unfortunately,
traditional and b-learning/e-learning models of education are not combined. This
may be due to the unique set of tools of the discipline. A developer of a web-course
has to not only be a creative specialist in the discipline, but also have knowledge of
psychology from the content perception point of view. Therefore, the introduction
of e-learning elements into the educational process requires analysis of their
effectiveness.

To generate creativity and increase motivation for independent learning, the
“role reversal” education method can be used. This method has been tested at the
Department of Electric Power Systems for the discipline “Power Plants” for
third-year students in the spring semester. Every student received an individual task
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for presentation on a new, not previously studied, topic. This new knowledge was
then applied to power plant design. Each student had to find a reasonable way to
present new equipment, switching devices, and current-carrying parts for his/her
fellow students. At the same time, in some cases, students found a piece of
information that was new for the teacher as well. Additionally, a number of new
questions, to which the students were not used to, arose when they were searching
for information for their presentation. Presentations were discussed in the class-
room, corrected, and uploaded to the LMS Moodle. Thus, the educational content
was created together by students and instructors. This approach is based on the
principles of free education when teachers and students study the subject together.
This provides psychological comfort while studying a new discipline and gives
understanding that nothing is static or predefined in the professional area of
knowledge.

The link between education and professional activity. It seems reasonable to
study a professional discipline first in Russian prior to in English, expanding the
students’ boundaries of knowledge. The field of knowledge of professional disci-
plines (in Russian) and general English can be presented as two areas of knowledge.
As a result of their overlapping, professional training in English is formed
(Fig. 12.2).

The greater the bilingual professional skills—the greater the area of the circles’
intersecting will be. Ideally, the training of a modern specialist means a full
overlapping of these two sections. Here we face some difficulties, primarily, the low
motivation of students to study professional disciplines in English. Student surveys
show that only 5% of students have intrinsic motivation to study a foreign language,
i.e. students study the subject only because it is included in the curriculum. At TPU,
classes of “Professional English Training” amount to 32 h per week, giving 108 h
of tuition each semester for first-year masters’ students in Power and Electrical
Engineering. Such a quantity of hours is sufficient for the special training to use
English in their education and future career.

Participation, collaboration and co-authorship should become central in educa-
tional activities for faculty, following the principles of smart education. The sug-
gested ways of increasing students’ motivation for studying professional disciplines
in English have been partially introduced and yielded positive results, but could be
expanded and supplemented. Modern students have to know English to possess

Professional 
Disciplines

General 
English 

Fig. 12.2 Field of
knowledge
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relevant information on the issue. It is obvious that translating into Russian and
publishing scientific papers, new equipment design, instructions, etc. takes some
time and such knowledge eventually becomes irrelevant. Table 12.1 shows the
results of a survey for the management of Russian power companies (78 managers
and engineers in total).

As the table shows, the vast majority of managers need effective and confident
English for any aspect of their professional work. Even an interpreter does not solve
the problem of free communication and normal comprehension with their partners
from other countries.

Thus, modern students have to study, at minimum, one foreign language to a
level that allows them to use the latest equipment, read and understand texts on a
subject in the original language, communicate with foreign colleagues, participate
in scientific conferences, etc.

Moreover, the majority of research and scientific papers are written in English.
Smart education is implemented by using numerous components [3, 13]. Various
smart devices, approaches, etc. support the education of future specialists in the
power engineering industry. Table 12.2 shows smart components and their use in
teaching theoretical and professional disciplines at the Department of Higher
Mathematics and the Department of Power Plants at TPU.

12.4.2 Supporting Smart Education

Each educational institution has a unique system of activities to develop students’
personalities [15]. At TPU, guidance counseling plays a key role in providing the
basis for the development of students’ general and professional competences [28].

Being a connection between the freshman and a new community, guidance
counselors of an academic group use active and interactive activities in the class-
room and outside. These include role-playing games, psychological training, group
discussions, museum tours, excursions to companies, arranging master classes by
invited experts, meetings with representatives of companies, government, public
organizations, etc.

Table 12.1 Necessity of using english in professional activity

Questions Yes, % No, %

Is english required to obtain new information necessary
for solving technical tasks?

85 15

Did you have any difficulties with modern equipment
if the manual and technical documentation were in english only?

95 5

Do you have to communicate with specialists from foreign
companies without an interpreter?

60 40

Were you satisfied by the interpreter (translator) service? 20 80
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Initial adaptation to smart education. All first-year students in the Institute of
Power Engineering at Tomsk Polytechnic University (TPU) must take the
Adaptation Course, which runs over two semesters. Classes meet for 2 h per week
in the fall semester and 1 h per week in the spring semester, over 36 weeks giving
48 h of tuition. After taking the course, students are able to:

• prepare themselves for facing new academic challenges;
• improve their time management;
• freely navigate through the informational environment of the university and

quickly receive all necessary information for study and leisure;
• present information clearly and effectively;
• make a speech confidently;
• work on their weak points after learning their traits and characteristics; and
• set and achieve goals.

The course is provided by proficient guidance counselors. At present, 17 guid-
ance counselors work with first- and second-year students in the Institute of Power
Engineering. All of them combine faculty positions (assistant professor or associate
professor) with guidance counseling. One guidance counselor supports each student
group.

The Adaptation Course contains 3 modules: “Informational,” “Academic,” and
“Social and Psychological.” The “Informational Module” includes introductory
sessions on university life and the students learn to use the “New Student Guide”, or
guidelines for new students on how to start their learning process successfully.
They also learn how to utilize the website to organize their student life including

Table 12.2 The major smart components used in the “role reversal” method

Smart technology
components

Theoretical
disciplines

Professional
disciplines

Professional
training in
English

Professional
communities

Hardware/
equipment

Ceiling-mounted
projectors

Yes Yes Yes Yes

Smart boards Yes No No No

Interconnected
desktop computers

Yes Yes Yes Yes

Smart
curricula

Adaptive courses Yes No No No

e-learning/b-learning
modules

Yes Yes No No

Face-to-face modules Yes Yes Yes Yes

Smart
pedagogy

Collaborative
learning

No Yes Yes Yes

Student-generated
learning content

No Yes No No

Gamification Yes No Yes Yes

Project-based
learning

No Yes Yes Yes
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schedule service, teachers’ contact hours, campus map, etc. The “Academic
Module” consists of workshops such as “E-services and the Educational Process in
TPU,” “Techniques for Working with Information,” “Public Speech,” “Cloud
Technologies,” etc. The “Social and Psychological Module” consists of psycho-
logical training such as “How to Set and Achieve Goals,” “Time Management,”
“Know Thyself,” “Stress Management,” “Conflict and Reconciliation Behavior,”
“How to Pass Exams Perfectly Well,” etc.

The aim of the academic and social adaptation project is to shorten the period of
student adaptation, increase stress resistance, and retain students. The use of smart
technologies, such as e-learning, b-learning, personalization, interactive tutorials,
learning through video games, etc., allows young people to adapt to rapidly
changing conditions and ensure transition from passive to active content. Over
recent decades, the Internet has proven to be the most successful global project,
changing the economy and society with new forms of communication and col-
laboration, implementation of innovations, and new modes of working with
information and knowledge. Currently, electronic educational resources are an
essential part of life for any person associated with education.

Firstly, all students receive access to all the information resources of the uni-
versity, which will help them in solving various troubles, problems, issues, and
challenges. After registration (receiving their username and password) as users of
TPU’s corporate network, every student is able to work with programs and services
in a personalized enclosed space, or an individual student online service. In the
individual student online service, a student and a guidance counselor have equal
opportunities for communication together. Additionally, there is the possibility that
students are given online counseling. Moreover, there is a series of tutorials, which
helps students adapt to university life. For instance:

• “Virtual TPU”—students familiarize themselves with university information
and the educational environment, namely, the resources and the services
available for students; and

• “The basics of work with information and library resources”—students make
themselves familiar with library resources, as well as rules and techniques for
information processing. They obtain information about rare and unique
resources, electronic catalogues, and options for more efficient work in the
reading rooms.

Smart technology for smart education. Use of internet technologies allows
students not only to help in their adaptation to university life, but is also conducive
to their mastering of subjects through expanding the course content, teaching, and
learning methods. In addition, it increases students’ motivation to learn and pro-
vides them with opportunities to study independently and acquire radically new
knowledge that would be of practical importance in their future workplace.
Guidance counselors are given unlimited opportunities for self-development,
which, in its turn, shifts teaching process to a much higher level. It is well known
[29] that group methods, which include training sessions, discussions, etc., are key
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to effective group work. This activity aims to develop such skills as teamwork,
readiness as the leader of the group to formulate team goals, to demonstrate the
importance of their future profession, etc. The cognitive process in the training
sessions relies on active work by the participants and their own experience. The
trainer can assist in acquainting participants with each other, creating an atmosphere
of cooperative work, partnership, and mutual understanding. The interactive edu-
cational technologies allow students to assimilate new knowledge more effectively
and to obtain more information owing to the opportunity to ask questions, express
their opinions, practice new skills, etc. Let us consider some forms of training and
their purposes:

• “Student Team Building”—communicative skills training, which aims to create
a cohesive team in a student group and includes three sessions: “Making
introductions,” “Group logo,” and “Development of group rules and
regulations”;

• “Time Management”—students learn techniques enabling them to use their time
in accordance with their personal goals and values;

• “Stress Management”—students learn the causes of stress; physiological,
emotional, cognitive and behavioral symptoms of stress; methods of coping with
stress; and examine how to avoid negative impacts of stressors;

• “Conflict and Reconciliation Behavior”—students learn conflict management
techniques and develop negotiation skills necessary for effective conflict man-
agement; and

• “SMART goals”—students examine the principles of goal setting and forming a
personal life program.

According to a survey among students, 32% of them frequently use skills
acquired during training and 46% use the skills occasionally. In addition, 8% of
students plan to, in the future, use knowledge and experience gained through their
training. Webinars are a modern and accessible learning method via the Internet,
which are now used as an integral part of the educational process at various levels.
Without leaving the office or home, students are able to attend lectures, workshops,
or seminars as well as participate in the discussion of topical issues. As mentioned
above, the Adaptation Course runs only over two semesters; however, continuity
and regularity are vital in student guidance counseling as second-year students are
also still in need of support. Therefore, seminars, lectures, and training sessions can
be offered using webinar technology. Webinar platforms provide both
web-streaming audio and phone-bridge options, yet a survey conducted in 2015
among the students of the Institute of Power Engineering found that 76% of stu-
dents prefer personal participation in training sessions. Also, 23% noted that they
were interested in online training sessions only if it was impossible to attend the
classroom.

Resources for smart education. At TPU, modern electronic educational
resources have been designed and introduced including software, interactive elec-
tronic documents, media resources, and educational complexes. All of these
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resources can be uploaded to an online Learning Management System platform to
provide centralized management of the educational services. At TPU’s Institute of
Power Engineering, an online educational resource for guidance counselors has
been designed, which includes both interactive electronic documents and an edu-
cational complex. The resource comprises the weblog “Guidance Counseling” and
the electronic course book “Communication training for the Adaptation Course
classes.” The personal weblog “Guidance Counseling” was designed by the senior
guidance counselor and consists of brief records, which are regularly added to in
reverse chronological order and include educational materials, media resources, and
presentations. The resources in the blog are available for all TPU guidance coun-
selors. The structure of the blog records resembles the familiar sequential structure
of a log and comprises the following pages:

• “Main page”—information on upcoming events for the guidance counselors
concerned;

• “Guidance and Counseling History”—history of guidance counseling at TPU;
• “Documents”—resources for performance: the TPU Statement on Guidance and

Counseling, schedule, guidelines and work plan templates for “Adaptation
Program” courses;

• “Presentations”—an extensive list of presentations, from which a guidance
counselor can choose the relevant one for his/her class;

• “Video”—videos for in-class activities and different video training sessions for
faculty;

• “Tests and Questionnaires”—tests and questionnaires designed for the coun-
selors to consolidate their expertise or to evaluate their level of knowledge for
further professional development;

• “Wall”—a feature making it possible for counselors to exchange their opinions
on different topics; and

• “Electronic manual”—where the electronic course book “Communication
training: in-class application” is posted.

A blog as a means of network communication has a number of advantages in
comparison to web forums, chats, and email. A blog reader receives information
and feels that he or she is a part of the counseling community. The latter is a result
of the guidance counselor being informed about the events held at the university
and knowing colleagues’ attitudes to the activities performed by other guidance
counselors. Additionally, a blog guest can make comments or participate in a
discussion with the blogger if the blogger agrees to such a mode of communication.

A poll conducted in 2014 among the guidance counselors of the Institute of
Power Engineering found that approximately 30% of them considered the
Adaptation Course classes difficult to teach. This was the reason for the develop-
ment of training materials as well as an electronic course book. The goal of the
electronic course book is to develop skills and knowledge for guidance counseling.
After studying the e-course book, a teacher is supposed to: know what a training
session is; be capable of using training plan templates and scenarios; gain
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experience in designing training session scenarios; and be able to hold a training
session within a class. In terms of the structure, the electronic course book is based
on three modules: introduction, basic information, and workshop and testing.

The advantages of using an electronic course book are having an advanced,
user-friendly and sufficiently simple navigation mechanism within the tutorial;
optimization of user interface adaptation of educational material to the level of
students’ knowledge; inclusion of multimedia fragments (graphics, audio, and
video); and adaptive user interaction with the elements of the course book.

Peer guidance. Within many Russian higher education institutions, there are
student organizations charged with helping freshmen to adapt to university life,
so-called “peer guidance.” Such a project was launched at TPU in 2013 with a clear
structure, strategic objectives, and feasible techniques. It is successfully developing
thanks to students’ active support.

The main objective of peer guidance is the educational and social adaptation of
first-year students to the university environment, as well as to student life, by con-
tributing to the personal development of the freshmen. To ensure successful imple-
mentation of the “Peer Guidance” project, students have designed an information and
communication website on the social network “Vkontakte”. The website is main-
tained by a student-guide under the supervision of the Senior Guidance Counselor of
the Institute and a psychologist in charge of the University Centre of Personal
Development. They post records, photos, and video films on the varied events
organized and held by students. It allows students and guidance counselors to
exchange information on their experiences, compete in their achievements, and
prepare an annual report, which is presented at the Guidance and Counseling Service.

The main advantage of peer guidance is that it was created for voluntary par-
ticipation, based on the personal motivation of each student-counselor. Thus, the
student-counselor becomes a mentor for first-year students, whom they trust, who
guides them, and whose opinion is important for them. A student-counselor not
only plays an important role in first-year students’ lives, but also helps and con-
tributes to the development of their competencies. Thus, guidance counseling
acquires a new form and extends the capability of its activities, becoming part of the
smart environment.

12.5 Testing of Research Outcomes

This educational model was tested at the Department of Electrical Power Systems at
TPU in cooperation with the Department of Higher Mathematics. Students are
taught disciplines supported by e-courses in LMS Moodle. In addition, first- and
second-year students are offered uncomplicated mathematical problems related to
power engineering. Third-year students study the professional discipline “Power
Plants” in Russian in the fall semester and in English in the spring semester.
Masters’ students are taught in collaboration with experts from local power industry
companies.
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12.5.1 Issues in e-Learning

The web-based portions of the courses aim to develop students’ independent
learning and assess the outcomes. The effectiveness of web-courses is monitored
annually. The online surveys were conducted at the beginning and end of each
semester and involved 546 students. The following aspects were analyzed:
(a) course site design and attractiveness; (b) student perception of online learning;
(c) benefit from the course; (d) prompt and timely feedback. The majority of
students consider teacher online feedback “important” and “very important”
(Fig. 12.3).

The solid line represents courses in general, whereas the dashed line represents
theoretical courses only [22]. Figure 12.3 shows that face-to-face communication is
of extreme importance for theoretical disciplines such as mathematics.

Online consultation in particular does not seem to be an appropriate way for
explaining some difficulties faced in problem solving. In our opinion, mathematics
requires not only verbal contact for better explanation, but also face-to-face com-
munication. Better results would be achieved by the personal involvement of stu-
dents in problem solving. Mathematics becomes clear and understandable through
watching the progress of solving problems on a board or on a piece of paper.
Therefore, some massive open online courses (MOOC) teach mathematics (for
example, at the University of Ohio) using simulation of a “sheet of paper and
pencil.” E-learning and b-learning allow not only student-teacher communication,
but also student-student communication. Figure 12.4 also shows students’ opinions
on the ability to communicate online with their fellow students. The prevailing
character of social networks could explain the low percentage.

Additionally, students noted some benefits of web-courses. Figure 12.5 shows
the students’ opinion of the possibility of increasing their rankings and constant
access to teaching aids (dashed line—Higher Mathematics, solid line—Power
Plants).

0

20

40

60

80

1 2 3 4 5

Prompt and timely feedback 

Fig. 12.3 Percentage distribution of responses of students from 1—“not important” to 5—“very
important”
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12.5.2 Student Perceptions on the Relevance of Course
Components

A comparative analysis of the relevance of web-course components was carried out.
The survey findings indicate that intensity of content requests was greater when
students were involved in creating content. Figure 12.6 shows the statistics of visits
to web-courses (dashed line—Higher Mathematics, solid line—Power Plants). As
seen in Fig. 12.6, the majority of freshmen start to use the electronic part of the
math course intensively just before the exam (dashed line). Moreover, the most
popular items during this period are different tests.

However, senior students use the web-course more evenly throughout the
semester (solid line). This can be explained by the fact that the professional dis-
ciplines involve innovative smart technology more frequently. For instance, the
discipline “Power Plants” was supported by two web-courses in Russian and
English. The Russian version consists of tests, forums, videos, teaching aids, etc. It
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Fig. 12.4 Percentage distribution of responses of students from 1—“not important” to 5—“very
important”
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Fig. 12.5 Percentage distribution of responses of students from 1—“not important” to 5—“very
important”
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should be noted that students, while under instructor supervision, created the the-
oretical portion of the content. After discussion in the classroom, the best presen-
tations were downloaded. It was observed that co-created content is required by
students of other groups as well. At the end of the semester, an anonymous survey
was conducted in order to analyze the effectiveness of this approach. The results are
shown in Table 12.3.

It was observed that the “role reversal” method forces students to use different
resources (books, the Internet, scientific papers, etc.) in order to find relevant
information. They even visited the websites of manufacturers of the required
equipment. The English version’s content aims to enhance intrinsic motivation for
studying professional disciplines in a foreign language. The web-course consists of
scientific papers, video materials, tests, a glossary, etc.

Fig. 12.6 Distribution of the intensity of use of web-courses during the semester

Table 12.3 Students’ opinions on the “role reversal” method of education

Questions Yes, % No, %

Was it your first experience of presenting a new topic
for your fellow students?

100 0

Was the topic of your presentation interesting for you? 90 10

Was it challenging to choose the exact piece of information
concerning your topic?

75 25

Was it challenging to organize and adapt the material for your presentation? 80 20

Were your fellow students’ presentations clear and understandable? 89 11

Do you find this way of new knowledge acquisition useful and promising? 94 6

Would you like this methodology to spread to other disciplines? 90 10
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Only authentic materials are used in the web-course. Teachers and students both
emphasized the significant role of the course in professional English training.
Figure 12.7 shows the survey results on how bachelors and masters’ students assess
the necessity of using English in their professional activities.

Figure 12.7 shows that the main driving force for studying the subjects in
English is:

1 the teacher demonstrates his/her proficiency in English (41%);
2 general knowledge of English (43%);
3 discipline and interest in the subject (14%); and
4 other variables (2%).

12.5.3 Providing Support for Students

The Institute of Power Engineering carried out a survey to learn the opinions of
students about the guidance and counseling service. The survey involved 243
students (174 first-year and 69 second-year students). The students were asked to
evaluate various aspects of the guidance counselors’ performance. Overall, about
90% of respondents assessed the work as “good” and “excellent.” Figure 12.8
shows the assessments on a 5-point scale: 5—“excellent”; 4—“good”; 3—“im-
provement needed”; 2—“bad”; 1—“very bad.”

The statistics show that not all the students were satisfied with the performance
of the guidance counselors. This could be explained by the fact that an academic
group usually consists of 20–25 students and a guidance counselor is not able to
focus on such a large number of individuals. We suggest that one guidance
counselor support only 10–15 students. Nevertheless, the experience of involving
senior students in guidance counseling showed good results.

Fig. 12.7 Bachelors and
masters’ students on studying
the “Power Plants” discipline
in English
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12.6 Discussion

As mentioned in the previous sections, smart education is a new evolutionary
paradigm in education with huge capacity for the development and creativity of all
participants of the educational process. Focusing only on two main aspects of smart
education—independent and lifelong learning—we became convinced of the
effectiveness of this approach in comparison to traditional education. In addition,
we saw an immediate positive student reaction to such smart components as
web-courses, smart boards, web labs, training sessions, etc.

Figure 12.9 shows what kind of training students find more useful and inter-
esting. As can be seen from the diagram, at the beginning just over half of the
students were in favor of a blended form. However, after graduation, about 70% of
students prefer a blended approach. This agrees well with the results in [18].

The effectiveness of the proposed methods for introducing smart technologies in
students’ independent work was evaluated. The evaluation has shown a positive
tendency in the development of independent learning skills. However, the analysis
has shown that intrinsic motivation is too low to achieve 100% effectiveness of the
proposed methods for the organization of independent and lifelong learning. This

Fig. 12.8 Assessment of
guidance counselor support in
adaptation to university life

Fig. 12.9 The answers to the
question: which form of study
would you prefer?

378 L. Krivova et al.



can be explained by the fact that we are taking the first steps in this direction as well
as by the relative overload of students.

At present, it is not always easy to involve professional communities in the
educational process. This approach has been implemented now only in one group of
undergraduates due to the heavy workload of professionals. Initially, the university
made use only of a traditional model, where the main components (theoretical
disciplines, professional disciplines, English language and the professional com-
munity) did not overlap in the educational environment, i.e., they influenced each
other, but without collaborative educational content (Model A) (Fig. 12.10).

Adding “Power Stations (in English)” to the curriculum, the area of overlapping
is formed naturally and depicted as a common content of disciplines “Power
Stations” and “General English” (Model B) (Fig. 12.11).

At present, the example of involving professional communities in undergraduate
education led to a scheme in which the content of professional disciplines and
professional communities overlaps (Model C) (Fig. 12.12).

In the future, the development of smart education and smart technologies ought
to lead to the overlapping of theoretical disciplines, general English, professional
disciplines, and the professional community in a smart educational environment
(Model D) (Fig. 12.13).

Fig. 12.10 Model A: traditional scheme
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Fig. 12.11 Model B: traditional scheme including professional English

Fig. 12.12 Model C:
traditional scheme involving
the professional community

Fig. 12.13 Model D: smart
educational scheme
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12.7 Conclusion

This paper examines some techniques aimed at enhancing student motivation in
terms of independent work and in relation to independent and lifelong learning. The
following means were considered:

• A “role reversal” method of education;
• Professional training in English;
• Involvement of the professional community in the educational process;
• e-Learning and b-Learning.

The above techniques were first designed independently by the faculty of dif-
ferent departments involved in teaching power engineering at Tomsk Polytechnic
University. A powerful trend toward a united effort to combine forces, techniques,
and experience in teaching the disciplines “Higher Mathematics,” “Power Stations,”
and “Power Stations (in English)” enabled us to discover common issues and
approaches to their solution.

The review of existing literature on the introduction of smart technologies in
higher education demonstrates its current relevance. The introduction of smart
technology makes the educational process much more interesting and helps to
develop the latent potential of students. It is expected that it will lead to improved
results in the training of professionals, which in turn requires teachers to have a
high degree of competency in using smart technology [30]. Analysis of the pro-
posed methods showed that the application of smart technologies to the indepen-
dent work of students (LMS Moodle) leads to higher results in the learning of both
theoretical and professional disciplines; however, professional and theoretical dis-
ciplines do not presently have common content in the smart environment. This
study marks the beginning of the formation of a new curriculum aimed at a fusion
of disciplines in all cycles of academic and vocational education—the creation of a
system of smart education.

We began with the creation of overlapping smart content for the subjects
“Higher Mathematics” and “Power Plants”. Further analysis needs to be conducted
to evaluate the results of the introduction of combined smart content to the edu-
cational process. Naturally, the first results may be obtained after at least four years
when the students complete studying both the theoretical and professional disci-
plines. In the future, it is expected that the introduction of such an approach will
lead to increased motivation in relation to independent learning and lifelong
learning. This is achievable owing to students forming the essential skills of
independent work while searching for new information and finding solutions to new
problems. In addition, these graduates will be capable of making use of interna-
tional practices and ideas.
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Chapter 13
Knowledge Building Conceptualisation
within Smart Constructivist Learning
Systems

Farshad Badie

Abstract This chapter focuses on the meeting of Constructivism (as a learning
theory) and Smart Learning and, thus, theorises Smart Constructivist Learning. The
main field of research is Smart Learning Environments. Relying on the phenomena of
‘meaning construction’ and ‘meaningful understanding production’ in the framework
of smart constructivism, we will focus on analysing Smart Constructivist Knowledge
Building. Accordingly, we will analyse Learning-and-Constructing-Together as a
smart constructivist model of learning. The outcomes of this chapter could support
the developments of smart learning strategies.

Keywords Smart learning � Constructivism � Meaning � Understanding �
Knowledge building � Collaborative learning � Philosophy of education

13.1 Introduction and Motivation

The process of knowledge building leads to changes in humans’ minds. In the
context of cognitive developmental psychology, conceptual change is a type of
process that focuses on the conversion of a human’s conceptions and the rela-
tionships between her/his old and new conceptions [1, 2]. Thus, the most salient
effect of knowledge building could be recognised to be on conceptual change of the
learners’/mentors’ conceptions over the course of time. We begin this chapter with
our special focus on the fact that knowledge acquisition (that is the most deter-
minative process within knowledge building processes) is a reflective activity that
enables learners and mentors to draw upon their previous (and accumulated)
experiences and reflect on their background as well as existing knowledge [3]. The
reflective activity of knowledge acquisition supports learners and mentors in
reflecting on themselves, on their society, and on their environment. Knowledge
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acquisition enables learners and mentors to conceptualise and understand.
Subsequently, it enables learners to evaluate both their present and past, so as to
build up and shape their future actions (i.e., operations, practices, proceedings,
movements, contributions and manners) as well as to construct and develop the
construction of their latest pre-structured and pre-constructed knowledge. As
described, ‘understanding’ has been recognised as the consequence of ‘conceptu-
alisation’. Our research [4, 5] has concluded that “an understanding could be rea-
lised to be a local manifestation of a global conceptualisation”.

It is important to account for the fact that human beings become concerned with
various construction processes over their pre-formed knowledge in order to obtain
the opportunities necessary to develop their constructed knowledge and to produce
their deeper understandings (i.e., meaningful comprehensions). Constructivist
Learning (based on constructivist epistemology and constructivist models of
knowing) has become the central framework of this research. Relying on this
framework, our supposedly theoretical model of learning deals with how knowl-
edge can assumedly be built by a learner/mentor. Through the lens of cognitive
psychology, Piaget’s developmental theory of learning says that constructivist
knowledge acquisition, as well as knowledge building, is concerned with how an
individual goes about the construction of knowledge in her/his own mental appa-
ratus [6, 7]. Accordingly, for any learner or mentor, knowledge acquisition could be
recognised as seeking knowledge regarding different objects, processes, events, and
phenomena with regard to her/his background knowledge. As for the structural and
existential characteristics of constructivism, the construction of knowledge is
conceived of as a type of dynamic process. It can be informally described in terms
of personal understanding in multiple actions. Consequently, constructivist learning
is highly concerned with the active generation of personal understanding [5, 8].

This chapter focuses on ‘Smart Constructivist Learning Systems’, which are a
specific sub-class of constructivist learning systems where ‘constructivism’ meets
‘smart learning’. In accordance with the subject of this book, though, we look at the
area of ‘Smart Learning Environments’. According to [9], “smart education repre-
sents an integration of smart objects and systems, smart technologies, smart envi-
ronments, smart features (smartness levels), smart pedagogy, smart learning and
teaching analytics systems”. Relying on the framework of smart education, we will
focus on the development of a conceptual framework for analysing knowledge
building in the framework of smart constructivism and over the flow of the learners’
understandings. Correspondingly, we will characterise the main components of a
smart constructivist pedagogy (and a smart constructivist model of learning). It may
justifiably be assumed that the outcomes of this chapter will support designing and
developing innovative learning andmentoring strategies as the products of smartness.
We will conceptualise and prove that there are strong interrelationships between
‘smart constructivist model of learning’ and ‘collaborative learning strategy’.
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According to [9, 10], research in the area of smart learning systems should not
only focus on software/hardware/technology features, but also on smart ‘features’
and the ‘functionality’ of smart systems. Furthermore, in order for smart learning
systems to be effective and efficient for different learners, or mentors, there are
certain smartness levels (smart distinctive features). The most significant feature in
this research is analysing the phenomenon of ‘smart learning’ in the framework of
constructivism. It focuses on acquiring new knowledge and building on existing
knowledge. Also, this research aims to identify and recognise the concept of ‘un-
derstanding’ toward the awareness of learners. Therefore, this chapter will be highly
concerned with the ‘learning/self learning’ feature. Additionally, our approach will
rely on logical descriptions using, e.g., assumptions, implications, and different
logical rules over conceptual analysis of the phenomenon of ‘smart learning’ and
the concept of ‘understanding’. Due to this, this research is effectively structured
over logical reasoning processes and could support researchers’ thoughts for the
development of inferential and logical reasoning processes within smart learning
systems.

Note that this research has been designed based on our own approaches to the
analysis of ‘meaning construction’ and ‘understanding production’ processes [8,
11–13]. Our ideas have been based on a new scheme for interpretation based on
semantics and interaction. Interaction consists of (i) interactions between learner
and her/his self, (ii) interactions between learner and other agents (e.g., mentors,
other learners, and smart programs), and (iii) interactions between learner and
her/his environment.

13.2 Background of Thought

In this research, our conceptualised scheme for interpretation (based on semantics
and interaction) will be analysed in the framework of smart constructivism. In our
opinion, learning in the framework of constructivism is highly concerned with the
active generation of personal meaningful understandings. This is based on personal
constructed meanings and over personal mental objects. More specifically, we
believe that the phenomenon of ‘understanding’ could be valid (and meaningful)
based on learners’ constructed meanings. In fact, this belief is the main building
block of this research. This means that this chapter is specially concerned with
‘meaning construction’, ‘meaningful understanding production’, and ‘knowledge
construction’ in the framework of smart constructivism. We strongly believe that
there is a bi-conditional relationship between ‘understanding production’ and
‘meaning construction’ in the framework of smart constructivism. Accordingly, it
shall be claimed that the phenomenon of ‘understanding’ could be valid and
meaningful based on learners’ and mentors’ constructed meanings in the framework
of constructivism and, in the context of smart learning environments.
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13.3 Constructivist Learning Systems: Literature Review

This section conceptualises the most significant and supportive characteristics of
constructivist learning. In our opinion, the following items are the most funda-
mental. These can be shared by Constructivism and SmartNess:

a. Understanding the learner’s understanding;
b. Respecting the learner’s background knowledge;
c. Paying attention to the learner’s understanding of personal learning; and
d. Focusing on the learners’ and mentors’ reliable universal knowledge in the

context of their interactions.

In fact, these items could both conceptually and epistemologically relate the
concept of ‘Constructivism’ to the phenomenon of ‘SmartNess’. This section totally
focuses on the concept of ‘Constructivism’. The next section, subsequently, will
focus on the actuality of the junction between constructivist learning and smart
learning systems.

13.3.1 Understanding the Learner’s Understanding

The most fundamental point is the concept of ‘understanding’. This concept is very
complicated and sensitive in psychology, neuroscience, cognitive science, cyber-
netics, philosophy, and epistemology. There has not been any absolute, decisive, or
independent description and specification of ‘understanding’. It is important to note
that (i) we can potentially describe our grasp (and our conceptions) of the concept
of ‘understanding’, e.g., [14]. This is relying on the fact that it is possible to support
the realization of understanding within various specific areas. Furthermore, (ii) we
could describe ‘understanding’ in order to support its representation (e.g., [15, 16]).
Finally, (iii) some descriptions could focus on specifying the components and
constituents of understanding (i.e., from the perspectives of cognition and affects)
[17–23]. We believe that the first item is the most crucial one. In addition, it shall be
claimed that (ii) and (iii) could logically be subsumed under (i).

Let us now focus on our own realisation of the concept of ‘understanding’.
Assessing from the epistemological point of view, it could be concluded that there
has always been a very strong bi-conditional relationship between ‘understanding
something’ and ‘explaining something’. The dependency between understanding
and explanation is considerable in analytic sciences (e.g., mathematics, physics,
chemistry, biology, computer science) as well as in the humanities and social
sciences. The explanation or the actual explaining of a phenomenon (an object,
event, or process) can shed light on the produced personal understanding of that
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thing. The relationship between understanding and explanation is bi-directional.
Therefore, there is also a path from understanding to explanation. In fact, the
well-understood phenomena could be explained more properly in order to be
interpreted and realised by other agents (mentors and other learners). It is worth
mentioning that there have been some descriptive models that focus on the concepts
of explanatory proofs and explanatory systems along with their interrelationships
with the concept of ‘understanding’ [24].

In our opinion, “a human being who tackles to understand something—directly
or indirectly—becomes concerned with the taxonomy of various concepts relevant
for that thing, and thus, she/he needs to move toward the chain of various related
concepts in order to approach to the more specified concepts” [12]. Additionally,
she/he must be able to propose strong explanations of those related concepts. We
shall, therefore, say that ‘concept’ and ‘generality’ could be interpreted as the most
significant ideas that could support the structuralist account of understanding and
could support understanding the concept of ‘understanding’. Consequently, con-
structivist learning (based on a constructivist epistemology and constructivist
models of knowing) is highly concerned with an individual’s knowledge building
processes based on her/his own produced understandings. The constructivist
learning systems make the learners and the mentors concerned with the under-
standing of more specific concepts with regard to the special focuses on their
understanding of more general concepts. In fact, the constructivist learning systems
focus on developing the concept of ‘understanding of more specific concepts’.

13.3.2 The Importance of the Learner’s Background
Knowledge

Any background knowledge, by activation, becomes actualised and directed to the
more-developed construction of knowledge. Living and experiencing different
things are the first metaphorical teachers of all human beings. Additionally, in the
context of learning environments, background knowledge could be defined as
knowledge that learners have. This may come either from their previous learning
environments and learning materials or from their own life experiences [25, 26].
Constructivist learning systems focus on knowledge building over learners’ back-
ground knowledge. In fact, through the lens of constructivism, the concept of
‘learning’ is seen as the ‘process of construction’ over personal background
knowledge. Furthermore, constructivism focuses on the individual learners’ com-
prehensions of their own objectives with regard to insights based on their back-
ground knowledge. The theory of constructivism could also focus on the individual
mentors’ comprehensions of their own objectives with regard to insights based on
their background knowledge and on knowledge of what will be taught.
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13.3.3 The Learner’s Understanding of Personal Learning

Here, the focus is on learners’ conceptualisations and realisations of the phe-
nomenon of ‘learning’ (e.g., [27–29]). More clearly, learners are concerned with
(i) their own conceptions of the phenomenon of ‘learning’, as well as their con-
ceptions of their personal learnings, and with (ii) the reflection of their personal
learning on themselves and society. It shall be stressed that the most significant
matter in constructivist learning is transforming the phenomenon of ‘learning’ into
the constructions of knowledge. In fact:

• Constructivism focuses on transformation of the phenomenon of ‘learning’ into
the learners’ comprehensions of their personal constructed meanings.

• Constructivism focuses on transformation of the mentors’ comprehensions of
their personal constructed meanings into the phenomenon of ‘mentoring’.

13.3.4 The Learner’s and Mentor’s Reliable Universal
Knowledge in the Context of Their Interactions

Constructivist learning could work as an explanatory, heuristic, and developmental
framework. It must be considered that there exists a kind of reliable global and
universal knowledge between constructivist learners and constructivist mentors. It
is constructed and developed by both groups. For example, this knowledge evolves
in learners’ and mentors’ action-grounded conversational exchanges [30, 31].
According to our research in [8], the produced meanings by learners and mentors
support the constructions of their own worlds. Subsequently, regarding Laurillard’s
conversational learning framework [32, 33], the learners’ and the mentors’ con-
structed worlds become interacted and the learner-mentor interactions manifest
themselves between their constructed worlds. The outcomes of these interactions
become reflected in the learners’ and the mentors’ conceptual knowledge that
support their reliable universal knowledge. These processes express how the con-
structed meanings could be reflected in their constructed reliable universal
knowledge.

13.4 Smart Constructivism: Research Project Objectives

This section, based on the identified concepts in the last section, investigates some
conceptual and epistemological linkages between constructivist learning and smart
learning systems. The conclusions could potentially express how educationalists
and educators in smart learning environments could benefit from constructivist
learning systems.
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13.4.1 Smart Constructivism: Understanding the Learner’s
Understanding

As mentioned, we believe that comprehending the learner’s understanding is the
most crucial conception relevant to the concept of ‘understanding’. According to
[34], ‘learning behaviour and learning pattern analysis’ could be one of the most
significant research issues of smart learning. It shall be taken into consideration that
these outcomes are applicable to understanding learners’ behaviours and learning
patterns in the integrated real-world and virtual-world environments.
Comprehension of learners’ understandings, as the consequences, could support
educationalists and educators in designing and developing more effective learning
strategies. In fact, this issue is a very good example of grasping the idea of learners’
understanding within smart learning environments.

In addition, we interpreted the concepts of ‘concept’ and ‘generality’ as the most
significant concepts that could support the structuralist account of understanding
and comprehending the concept of ‘understanding’. Taking into consideration the
concept of ‘generality’, the smart learning approaches must motivate deeper and
more complicated levels of learners’/mentors’ understandings. Accordingly,

• supporting any individual learner in producing her/his own deeper under-
standing of the world, and

• supporting any mentor in producing her/his own deeper understanding of the
learners’ understandings and of the problems of the learners

could be considered the most important objectives of smart learning systems.
The most salient characteristic of smart constructivist learning systems is their
special attention to the learners’ understandings and, respectively, to the mentors’
understandings, with respect to their own produced meanings and with regard to
their own generated meaningful understandings. An individual’s understanding of
more specific concepts could be achieved with regard to her/his understanding of
more general concepts. For example, a learner’s understanding of the concept of
‘InductiveLogicProgramming’ is absolutely dependent on and supported by her/his
understanding of the concept of ‘LogicProgramming’. Therefore:

i. Smart constructivist learning systems must focus on explaining more general
concepts, and, inductively, move toward explaining more specific concepts.

Also, similar to what [34] suggests for recording the details of the students’
learning behaviours, we can conclude that:

ii. Since smart constructivist learning systems respect the learners’ and mentors’
produced understandings of the world, these learning systems can record the
individuals’ understandings of the world. This can provide good opportunities
for educationalists to achieve valuable understandings of the learners’ under-
standings. Note that the educationalists, educational psychologists, and learning
theorists could also achieve valuable understandings of the learners’ and the
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mentors’ understandings. Furthermore, the long-term analysis of multiple levels
of the learners’/mentors’ understandings can definitely support researchers in
knowing more about the efficiencies and productivities of any smart educational
system.

13.4.2 Smart Constructivism: The Learner’s Background
Knowledge

In the framework of smart learning, any learner must be informed about the learning
program’s objectives. Subsequently, she/he could be able to identify her/his per-
sonal objectives. Accordingly, she/he

• activates her/his background knowledge,
• compares her/his own objectives with the program’s objectives,
• focuses on processing different kinds of information, and
• works on self regulating and organising her/his self.

We shall claim that activating background knowledge is the most crucial process
within these processes. Furthermore, referring to [35] and relying on constructivist
theory of learning, one of the most important characteristics of an effective, effi-
cient, and engaging smart learning environment is one that can adapt to the
learner/mentor and can personalise instruction and learning support. This charac-
teristic is highly relevant to (i) the wide variety of learners with different levels of
prior knowledge, different psychological backgrounds, and different interests, and
(ii) the attitudes and policies of mentors with their background knowledge of any
learning environment, their background knowledge of any learner, and their
knowledge of what they are going to teach/train. It shall be concluded that:

• Smart constructivist learning systems must respect the learners’ and the men-
tors’ background knowledge and attempt to construct, as well as develop,
knowledge over their existing background knowledge. These systems do not
destruct or destroy the pre-constructed knowledge of learners. Rather, they only
focus on repairing, mending, and developing.

• Smart constructivism must produce and develop a kind of self-organisation
process for any learner with respect to her/his own insights. This can be based
upon her/his life experiences, her/his previous learning experiences, and her/his
identified personal objectives.

• Smart constructivist learning systems can adapt to any learner in order to sup-
port her/his learning process by suggesting her/him the right learning strategies
with regard to her/his background knowledge. The outcomes could, to a very
high degree, support and advance the learners’ lifelong learning.
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• Smart constructivist learning systems can be adapted to the mentors, the
adaptive teachers, and smart programs, as well as personalise their own
instruction and teaching strategies with regard to the personalised learning
environments and the conceptualised learners.

13.4.3 Smart Constructivism: The Learner’s Understanding
of Personal Learning

In smart learning environments, any learner transforms the phenomenon of
‘learning’ into ‘demonstrations of understanding of what she/he is learning’.
Accordingly, the learner reflects on her/his own learning strategy and promotes it
over time.

Smart constructivism must consider the transformation of the phenomena of
‘learning’ and ‘mentoring’ into knowledge constructions. Smart constructivist
learning systems must support learners/mentors in reflecting their own conceptions
of ‘what they assume they have to do as learners/mentors’ on their
learning/mentoring processes, respectively, on their knowledge constructions, and,
consequently, on themselves and on their society.

13.4.4 Smart Constructivism: The Learner’s and Mentor’s
Reliable Universal Knowledge in the Context of Their
Interactions

Smart constructivist learning systems must aim at supporting learners and mentors
in developing their universal conceptual knowledge. By taking into consideration

i. the learners’ constructed worlds,
ii. the mentors’ constructed worlds,
iii. the learners’ conceptual knowledge, and
iv. the mentors’ conceptual knowledge,

smart constructivist learning systems must support the development of their
reliable universal knowledge. It shall be stressed that any learner and any mentor
can try to adapt the universal conceptual knowledge to her/his own constructed
world. This means there is always a bi-directional relationship between ‘own
constructed worlds’ and ‘the universal conceptual knowledge’ in the form of
‘reflections’ and ‘adaptations’, respectively.
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13.5 Smart Constructivism: Methods Used in Research
Project and Their Outcomes

13.5.1 Learners’ Developing Conceptions of Learning
in Smart Constructivism

This section focuses on learners’ conceptions of the phenomenon of ‘learning’ and,
subsequently, on their conceptions of the phenomenon of ‘smart learning’. Note
that any learner’s conception(s) of the phenomenon of ‘learning’ play(s) a funda-
mental role in her/his study behaviour [29, 36]. Regarding behavioural and cog-
nitive analysis of human beings’ qualitative interpretations of the phenomenon of
‘learning’, any learner observes, interprets, and evaluates the world through the
lenses of her/his own conceptions. In fact, the amalgamation of her/his mental
images of the concept of ‘smart learning’ and her/his mental representations of the
words ‘smart’ and ‘learning’ in ‘smart learning’ are manifested in the form of
her/his conceptions. Accordingly, they are expressed in her/his actualisations and
interpretations that all support her/his own understandings of smart learning. [37]
provides information about the amalgamations of ‘mental images’ and ‘linguistic
expressions’ regarding the philosophy of mind and language.

Note that the design and development of any smart constructivist learning
system must be learner-centered [38]. Considering the significant importance of
learner-centered analysis of the concept of ‘smart learning’ and in order to propose
more analytic descriptions of smart learning, we need to put ourselves into the
learners’ shoes and observe the phenomenon of ‘learning’ from their perspective.
Regarding this requirement, we take into account the significant products of [27–
29]. The model sketches on Säljö’s seminal studies on learners’ conceptions of
‘learning’. In more proper words, this model—qualitatively—focuses on adult
learners’ experiences of (and thoughts about) the phenomenon of ‘learning’. This
model could be interpreted as a layered model (Fig. 13.1). Any of its inner/deeper
layers are supported by its outer/shallower ones.

Fig. 13.1 Learners’ developing conceptions of the phenomenon of ‘Learning’
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Let us describe and analyse them:

1. On the shallowest layer, the learner recognises that the phenomenon of ‘learn-
ing’ is equivalent to ‘knowing more and knowing new things’. Such a learner is
strongly dependent on her/his learning environment, learning materials, and
teachers such as trainers, instructors, tutors, and mentors. This learner heavily
needs ideas to be expressed, be explained, and be imparted explicitly.
Furthermore, she/he needs her/his teacher/mentor to isolate and classify the flow
of well-structured information into separated and individual facts. Such a learner
needs the teacher/mentor to break down the procedures into isolated facts. In
this layer, the learner needs to know more isolated and realisable facts. This
learner needs to attain the abilities of ‘naming’ and ‘identifying’. Identifying
multiple facts prepare the learner for ‘describing’ facts and primary procedures.

2. The second layer could be identified by the concept of ‘keeping in mind’. The
concept of ‘keeping’ indirectly relates the learner to ‘reusability’ and ‘repro-
duction’. In fact, she/he aims to memorize an acquired and known fact in order
to apply and activate it regarding her/his own requirements and tasks. The one
who attempts to keep something in mind is still trying to know more. Reusing
and reproducing prepare the learner for ‘describing’ and ‘combining’ various
facts, and, respectively, procedures.

3. The third layer is identified by the concept of ‘selecting’. The ability of selection
and refinement prepares the learner for pragmatism and for practical approaches.
The learner expects her/his teacher to motivate her/him through selection pro-
cesses. Selection and refinements connect the learner with ‘comparing’, ‘con-
trasting’, ‘relating’, and ‘explaining’. Additionally, it indirectly makes a
connection with ‘justifying’ and ‘analysing’.

4. The fourth layer is identified by ‘meaning construction’. She/he has become
concerned with interpretation, analysis, justification, primary reasoning, and
primary criticising. In our opinion, this layer is the most crucial one due to the
fact that it makes a linkage between learners’ fundamental and their advanced
understanding of the concept of ‘learning’. We shall focus emphasis on iden-
tifying this level by ‘meaning construction’. It is not equivalent to ignoring the
fact that meaning construction is an infinite process of any learner. The fourth
layer is identified by ‘meaning construction’ because the process of meaning
construction reaches its highest point and finds its most extreme significance in
this layer. This layer provides a crucial interval for signifying the phenomenon
of an individual learner’s ‘learning’ within her/his learning processes.

5. The fifth layer makes the learner concerned with ‘interpreting the reality’.
Learning as an interpretative, explanatory, and expository process must be
capable of supporting the learner in ‘interpreting’, ‘explaining’, and ‘under-
standing’ the reality of the world. This means she/he has become concerned with
explaining the causes and reasons, criticising, formulating, and theorising. In
this layer, many learners characterise ‘learning’ as the process of
self-development.
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6. The sixth layer is identified by ‘self realisation’. The learner has become con-
cerned with ‘creation’, ‘generation’, and ‘reflection/mirroring’ when it comes to
her/his self and society. It’s very important to know that learning, as the tran-
scendental process of self-realisation and self-organisation, is continual, suc-
cessive, and concatenated.

Regarding the described layers of learners’ conceptions, we can realise that any
outer/shallower conception, whether logically, conceptually, or cognitively, sup-
ports its inner/deeper layer. Assessed by logics, the conjunction of the outer layers
is subsumed under their inner ones. For instance, the conjunction of the concepts of
‘knowing more’, ‘keeping in mind’, and ‘selecting’ are subsumed under ‘meaning
construction’. Then, through the lens of formal semantics, the provided logical
model of ‘meaning constructing’ satisfy ‘knowing’, ‘keeping in mind’, and ‘se-
lecting’. Informally, those who are concerned with meaning construction have
previously been concerned with ‘knowing’, ‘keeping in mind’, and ‘selecting’.
Accordingly, the succession of the layers’ contents from ‘knowing more’ to ‘self
realising’ could represent the flow of the concept of ‘understanding’ in learners’
perspectives. In fact, there is a succession that could be considered as a flow of
understanding regarding the expressed model. The succession could be described
as: (1) knowing new isolated facts … (2) identifying them … (3) keeping them in
mind … (4) describing them … (5) reusing them … (6) combining them …
(7) selecting them … (8) comparing them with each other … (9) relating them to
each other … (10) explaining them and explaining by applying them … (11) in-
terpreting them and interpreting by using them … (12) analysing them and ana-
lysing other things using them … (13) justifying for their existences and justifying
by employing them… (14) reasoning for [and based on] them… (15) criticising for
[and based on] them … (16) theorising for [and based on] them … (17) developing
them and developing other things based upon them … (18) reflecting on selves and
on society (with regard to them).

An important question is “How could we establish a connection between a flow
of understanding with regard to the learners’ developing conceptions of the phe-
nomenon of ‘learning’ and the phenomenon of ‘smart learning’?” In other words,
how could we characterise the concept of ‘understanding’ with regard to the
learners’ conceptions of learning within smart learning environments? To answer
these questions, we shall stress that any smart learning environment should be filled
with available and well-organised learning materials and should also be aestheti-
cally pleasing. Any smart learning environment must be ‘effective’ [35, 39, 40].
What is likely to make a learning environment effective, efficient, and engaging for
a wide variety of learners with different levels of background knowledge, psy-
chological backgrounds, and interests is one that can adapt to the learner, person-
alise instruction, and support learning. This suggests that appropriate adaptation is a
hallmark of smart behaviour. The concept of ‘smart learning environments’ has
been presented as one “… that makes adaptations and provide appropriate support
(e.g., guidance, feedback, hints or tools) in the right places and at the right time
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based on ‘individual learners’ needs, which might be determined via analysing their
learning behaviours, performance and the online and real-world contexts in which
they are situated. …” [34]. Furthermore, [34] states that a smart learning envi-
ronment is able to offer adaptive support to learners through immediate analyses of
the “needs of individual learners from different perspectives”. It shall be taken into
consideration that any smart learning environment meets the personal factors (e.g.,
learning styles and preferences) and learning status (e.g., learning performance) of
individual learners. In fact, all individual learners and their needs are the most
central components and incorporators of smart learning environments. It is worth
mentioning that IBM has also recognised smart educations as student-centric
education systems [41].

Taking all the characteristics of smart learning mentioned here into considera-
tion, any smart learning system utilized as a student-centric system must prepare a
background for the learners’ flow of understanding and support them within dif-
ferent aspects of their understandings. Also, as mentioned earlier, the most central
focus of constructivist smart learning systems is on learners’ understandings with
regard to their own produced meanings and their generated meaningful compre-
hensions. At this point we shall state that smart constructivist learning systems must
be developed over the individual learners’ conceptions and requirements. These
developments must be supported by the special focus on the flow of understanding
of learners.

Let us take into consideration some significant results of our discussions with
undergraduate students. A number of students wanted to know which facts would
be required and helpful for them. We can transform this requirement into (i) ‘How
could a learner know the required and helpful facts?’ Also, a few students told us
that they know that they need to select facts in order to conceptualise them and to
have a better understanding of them, but they don’t know which facts must be
selected. Again, we can transform this requirement of learners into (ii) ‘How could
a learner find the ability to select the rightful and beneficiary facts in order to
construct meaning over them?’ Also, a student wanted to know how she could let
her mentor know about her constructed meanings. This question could be translated
into (iii) “How could a learner announce her/his constructed meanings to their
mentor or other learners?’. Questions such as (i), (ii), and (iii) are prevalent to any
learner.

Smart constructivist learning systems must be able to provide a kind of
requirement analysis and to suggest rightful choices to individual learners. In the
beginning, the learning system, the learner, and the mentor should not look at each
other, but should actually look at the same point and discover the appropriate facts
together. Accordingly, the conceptions of the mentor could influence the learner
and vice versa. Furthermore, the learner’s and the mentor’s conceptions could be
influenced and modified with regard to what the system has suggested to them.
Smart constructivism must be capable of locating the learner in her/his best position
to go toward her/his production of meaningful comprehension. Respectively, the
mentor must be guided to find her/his most appropriate position in relation to the
learners’ positions.
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In order to express and analyse the concepts of ‘meaning’, ‘meaning construc-
tion’, and ‘meaningful comprehension’, our theoretical model needs to be supported
by a proper educational and pedagogical model. This can provide an organized
framework for representing different levels of learners’ understandings. We need to
employ a model of learning concerned with various complexities of understanding
at its different levels/layers in order to support the conceptualised idea of ‘under-
standing’, to analyse the flow of understanding in experts’/educationalists’ points of
view, and to model it in smart constructivist learning systems.

13.5.2 Smart Constructivism and the Structure of Observed
Learning Outcomes

The Structure of Observed Learning Outcomes (SOLO) taxonomy is a proper
model that represents multiple layers of learners’ understandings within learning
and knowledge acquisition processes [42]. SOLO provides an organised framework
for representing different levels of learners’ comprehensions. It is concerned with
various complexities of understanding at its different layers. In the framework of
SOLO, learners are concerned with five levels of understanding (Fig. 13.2).

As an analytic example, we focus on a learner, Martin, who is learning Java
Programming:

• Pre-structured knowledge: Martin does not really have any knowledge about
Java. This kind of knowledge about Java has been constructed over his mental
backgrounds and from his previous experiences, e.g., experiencing different
products that are developed in Java, meeting Java’s official and related websites,
discussing with Java programmers, etc. The most important fact is that Martin
does not have any special constructed knowledge about Java.

• Uni-structured knowledge: Martin has limited knowledge about Java and may
know few isolated facts. Thus, he mainly focuses on identifying those isolated
facts. For example, he knows that Java works based on classes of objects and

Fig. 13.2 SOLO taxonomy:
levels of constructed
knowledge and levels of
produced understanding
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that Java is an object-oriented language. He may know that Java derives its
syntax from C. Based on this, Martin has a very shallow understanding of Java.
The known facts are isolated and he is not able to either relate them together or
apply them.

• Multi-structured knowledge: Progressing from the previous level to this level
simply means that Martin knows a few facts about Java, but he is still unable to
find logical and conceptual linkages between them. Martin (i) has extended the
domains of his factual knowledge about the isolated facts, (ii) has become
concerned with combinations of various isolated facts, and (iii) has become
concerned with descriptions of the results of those combinations. For example,
he knows about object-oriented languages, he knows that object-oriented pro-
gramming is a paradigm based on the concept of ‘objects’ and ‘things’, and he
knows that object-programming languages focus on ‘objects’ rather than ‘sub-
jects’ and ‘actions’. Martin has produced some mental combinations of these
facts. He is preparing himself for producing logical and relational models based
on his produced combined facts.

• Related Knowledge: Martin has started to move towards higher levels of con-
ception about Java. He has also begun moving towards deeper levels of
understanding of Java. At this level, he is able to link different facts together and
explain several conceptions of Java. The important fact is that he has become
concerned with analysis, argumentation, explanation, justification, comparison,
and applications relevant to Java. Now, Martin can explain and analyse the
elements of his factual knowledge and can relate them together. He can now
relate the characteristics of object-oriented systems and Java programming. He
knows why object-oriented paradigms are in favour of ‘objects’ and not in
favour of other phenomena. He is able to explain and analyse the characteristics
of Java as well as apply different methods to them.

• Extended Abstract: This layer is the deepest and the most complicated level of
Martin’s understanding. Here, Martin is not only able to link a huge number of
related conceptions together, but he can also link them to other specified and
complicated conceptions. Now, he is able to link multiple explanations and
justifications in order to produce more complicated extensions relevant to Java.
Martin has become concerned with theorising, hypothesising, creating, and
criticising.

According to Fig. 13.2, the extended abstracts are the products of deeper real-
isations and understandings of relational structures and constructed related
knowledge. Relational structures are the products of deeper comprehensions of
multi-structures and constructed multi-structured knowledge. In a similar manner,
the multi-structures are the products of deeper comprehensions of uni-structures and
constructed uni-structured knowledge. Finally, the uni-structures are the products of
deeper pre-structures and pre-structured background knowledge.

At this point, we need to focus on the HowNess of satisfaction of the flow of
understanding from ‘pre-structured and background knowledge’ to ‘constructed
knowledge over extended abstracts’ by smart learning development and design.
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Smart constructivist learning systems must be able to support the development of
knowledge constructions over any learner’s background and pre-structured
knowledge. The central idea is that smart constructivism must generate a kind of
self-updating process for any learner with respect to her/his own insights based on
her/his background knowledge in order to prepare her/him for her/his individual
processes of semantic interpretation, meaning construction, and understanding
production. Let us be more specific on the concepts of ‘semantic interpretation’ and
‘meaning construction’.

As characterised earlier, one of the most significant features of smart con-
structivist learning systems is their special focus on the learners’ understandings
with regard to their own produced meanings and generated meaningful compre-
hensions. In addition, we have mentioned that there is a bi-conditional relationship
between ‘understanding production’ and ‘meaning construction’. Therefore, we
shall stress that the following items have a logical bi-conditional relationship:

• The process of knowledge construction as “pre-structured knowledge !
uni-structured knowledge ! multi-structured knowledge ! related knowl-
edge ! knowledge over extended abstracts”; and

• The learners’ meaning construction.

At this point, we employ a linguistic approach to explain and analyse this
bi-conditional relationship. This approach, in dynamic semantics, has considered
meaning as a context-update function [43, 44]. You can also find one of its par-
ticular applications in [45]. Considering meaning as a context-update function, the
input of the Meaning function is a context and the output is its updated form. Any
context comprises different types and different numbers of conceptions.
Terminologically, we can consider conceptions as the sub-class of contexts.
Therefore, we describe any ‘meaning’ as a conception-update function like
Meaning: Conception ! Conception ′. This function iteratively organises itself in
multiple loops and repetitions. It shall be claimed that the constructed meanings of
any learner, based on her/his constructed knowledge over extended abstracts, are
the updated forms of her/his constructed meanings within relational structures.
Also, the constructed meanings in the ground of her/his related knowledge on
mental relational structures are the products of her/his constructed meanings based
on her/his multi-structured knowledge on mental multi-structures. In a similar
manner, the constructed meanings, based on multi-structured knowledge and
mental multi-structures, are the updated products of the constructed meanings based
on uni-structured knowledge. Finally, the constructed meanings on uni-structured
knowledge are the updated constructed meanings over mental pre-structures and
pre-conceptions.

When it comes to semantic interpretations, our approach recognises the learner’s
semantic interpretation as the connector of her/his various levels of constructed
meanings [46]. In other words, the interpretations semantically support the suc-
cession of the updated meanings. Relying on this conception, an interpretation
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could be known as the continually adjusted relationship between two things. It is
quite important to consider the following when it comes to smart constructivism:

1. The learner’s intention behind her/his conceptions, and
2. The learner’s actual mental universe of her/his conceptions, which are based on

her/his accumulated experiences.

As concluded earlier, smart constructivism must consider the fact that any
individual learner transforms ‘what she/he is learning’ into “uni-structures of
knowledge, multi-structures of knowledge, related structures of knowledge, and
constructed knowledge over extended abstracts”. In fact, any learner, based on
her/his tasks and roles as a learner, increases the complexities of her/his constructed
meanings in order to be closer to her/his own deepest understanding. Smart con-
structivist learning systems must be capable of supporting learners in reflecting their
own multiple conceptions of a phenomenon. This occurs when it comes to mir-
roring the concatenation of the produced conceptions on their own learning as well
as on different levels of their constructed knowledge.

13.6 Knowledge in Smart Constructivist Learning
Systems: Analysis of Methods’ Outcomes

Relying on the framework of constructivism, the current theoretical analysis of
smart learning is not focusing on ontologies or the existence of knowledge. The
central focus, though, is on the tenets of humans’ knowledge construction and
development. This involves the creation of mental models when encountering new,
unusual, or otherwise, unexplained experiences [35]. We have taken into account
that learners create their own mental representations in order to make sense of their
experiences and learning tasks. By interpreting the phenomenon of ‘learning’ as the
process of knowledge construction, we need to put any individual learner at the
center of the proceeding of knowledge construction. The personal characteristics of
any learner, the mental backgrounds, personal experiences, and the pre-structured
and uni-structured knowledge all support the foundations of knowledge construc-
tion. This section deals with how multiple categories of knowledge can assumedly
be constructed in the framework of smart constructivism.

13.6.1 Categories of Knowledge in Smart Constructivism

We adopt Bloom’s taxonomy in order to clarify what we mean by ‘categories of
knowledge’. Bloom’s taxonomy is a framework for classifying educational and
pedagogical objectives. These could be interpreted as the statements of what edu-
cators and educationalists expect the learners to have dealt with [47, 48].
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Considering Bloom’s taxonomy and taking into account the constructivist theory of
learning, we could express the view that the concept of ‘knowledge’ has a strong
relationship with ‘recognition’ of multiple phenomena. In fact, knowledge con-
struction is supported by any individual’s insights, based on her/his own recogni-
tion of various materials, methods, procedures, processes, structures, and settings in
the form of her/his conceptions. According to Cambridge dictionary [49], having
knowledge about something or about some phenomenon could be realised as being
related to the following items: (i) Having a piece of knowledge about that
thing/phenomenon and (ii) judging about that thing/phenomenon based on personal
experiences and information.

We shall claim that we are allowed to divide knowledge into separated classes
(for example, into Class1, Class2, …, Classn) if and only if we have aimed at
clarifying and specifying the humans’ conceptions of any of them (e.g., Classi) and,
respectively, of all of those separated classes (i.e., Class1, Class2, …, Classn). In the
end, we must consider the union of all classes as the phenomenon of ‘knowledge’.
Let us focus on analysing how Bloom has dealt with the phenomenon of ‘knowl-
edge’. Bloom’s taxonomy categorises knowledge into multiple classes, e.g., distinct
classes for knowledge of terminologies, knowledge of ways and means, knowledge
of trends and sequences, knowledge of classifications and categorisations, knowl-
edge of criteria, knowledge of methodologies, knowledge of quantifications,
knowledge of principles, knowledge of generalisations and specifications, and
knowledge of theories and structures. Since then, [48] has proposed a knowledge
dimension in the revised version of Bloom’s taxonomy. The revised taxonomy
consists of (i) factual knowledge (e.g., terminological knowledge), (ii) conceptual
knowledge (e.g., knowledge of theories, models and structures), (iii) procedural
knowledge (e.g., knowledge of methods and algorithms) and (iv) meta-cognitive
knowledge (e.g., contextual knowledge, conditional knowledge).

We strongly believe that these four classes could support us in clarifying and
analysing the interconnections between the phenomena of ‘learning (and knowl-
edge acquisition)’ and ‘knowledge building’. We shall, therefore, claim that the
phenomenon of ‘learning’ consists of a sort of transformations from constructed
knowledge in the world (e.g., by experts, by theoreticians, etc.) into the sets of
‘facts’, ‘procedures’. and ‘concepts’ in different ‘contexts’. We believe that pro-
cedures are constructed over the chain of separated, connected, and related facts.
Then, in our opinion, any procedure is just the concatenation of a number of facts.
Therefore, learning provides multiple functions from constructed knowledge into
‘facts’ and ‘concepts’. Learners need to deal with those facts and concepts while
they need to construct their own knowledge with their insights based on what they
construct over those facts and concepts. In [50], we have argued as following: “…
In our opinion, there is a concept behind every fact. Then any factual knowledge
can be supported by a conceptual knowledge. For instance, according to a funda-
mental characteristic of terminological knowledge (as a type of factual knowledge),
we can represent terminologies by means of taxonomies. A taxonomy could be
constructed based upon concepts. Then a terminological knowledge has been
supported by a conceptual knowledge. Also, as another instance, we can define a
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body of the related elements and interpret it as a set of constructors for denoting
various concepts and their interrelationships. That’s how the concept languages and
descriptive languages appear. Then, we could be able to represent knowledge over
concepts, their instances and their relationships …”. Thus, we shall claim that
everything is translatable into, and mentally representable in the form of, a concept.
Accordingly, concepts are manifested in the learners’ conceptions and they could be
declared in the learners’ hypotheses. A concept might be interpreted to be a linkage
or interconnection between the mental representations of linguistic expressions and
the other mental images (e.g., representations of the world, representations of inner
experiences) that a learner has in her/his mind [37].

It shall be concluded that the phenomenon of ‘smart learning’ must provide
multiple transformations from ‘knowledge’, either ‘received from outside’ or ‘ex-
perienced within inside’, into concepts. Learners represent those concepts in their
minds and propose their own conceptions of those concepts. Consequently, learners
construct their own knowledge with insights based on their produced conceptions.
It is a fact that learners’ conceptions could elucidate others and could be shared with
them through Internet, social networks, virtual classes, and media. Learners can
propose/announce their own conceptions of what they have constructed in the form
of texts, voices, videos, etc. The collection of these processes could be identified by
‘construction of own packages of knowledge by learners’ in smart constructivist
learning systems.

13.6.2 A Conceptual Framework for Knowledge Building
in Smart Constructivism

The main objective of this section is to propose a conceptual framework for rep-
resenting the stream of understanding within knowledge construction processes in
smart constructivist learning systems. First, we shall refer the readers to our
research in [51], which focused on formal semantic analysis of interrelationships
between multiple categories in learners’ developing conceptions of the phe-
nomenon of ‘learning’ [27–29]. We need to employ the results of that research.
More particularly, that research has focused on the conceptualisation of the phe-
nomenon of ‘learning’ within the top-ontology of adult learners’ developing con-
ceptions of learning. Self-realisation (and self-awareness) is the most excellent
conception of learners. It can conclude all other conceptions within its lower cat-
egories. Assessed by logics, all conceptions of learners within lower categories of
conceptions are subsumed under ‘self realisation’. Relying on Description Logics,
[51] has focused on discovering the main constructive concepts and their interre-
lationships under ‘self awareness’ as well as a semantic representation of adult
learners’ developing conceptions has been sketched out. Figure 13.3 represents a
network that has been developed over an important piece of the proposed semantic
representation in [51].
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Figure 13.3 represents a structural analysis of ‘smart learning’ on the highest
conceptual level and from the perspective of the most excellent learning concep-
tions; this semantic representation is meaningful in the context of
‘conceptualisations’.

This network shows that the concept of ‘smart learning’ is a kind of expectation.
In some cases, it is an ‘outlook’. Smart learning, as an expectation, supports
learners’ interpretations and understandings of the world. In fact, by relying on
individuals’ interpretations, this expectation produces a strong belief that the phe-
nomenon of ‘smart learning’ will be valid and meaningful. Furthermore, humans’
interpretations support their personal understandings, making it is possible to say
that any personal understanding is a kind of limited interpretation in the context of
conceptualisations. Learners, through relying on their conceptualisations and by
engaging their interpretations, explicate what they mean by classifying a thing,
process, event, or phenomenon as an instance of a concept. The interpretations
prepare learners for producing their personal meaningful descriptions over their
own conceptions, and, in fact, over their constructed concepts. Therefore, an ‘un-
derstanding’ could be realised to be the sub-process of an ‘interpretation’.

On the other hand, though, all interpretations are not necessarily understandings.
In fact, all the interpreted concepts may not be understood, but all the understood
concepts certainly have been interpreted, see our research in [5]. Then, under-
standing, in the framework of smart constructivism, is produced over ‘interpreta-
tions’ of things, processes, events, and phenomena as well as within smart learning
environments. Additionally, as analysed, understanding could be considered as
constructed over individuals’ constructed meanings. Meanings on the deepest layers
of understanding, as well as on highest floor of the constructed knowledge, support
‘abstractions’ and ‘production of knowledge over the extended abstracts’ by learn-
ers. These abstractions support individual meaningful comprehensions over indi-
vidual constructed meanings. Figure 13.3 structurally and conceptually supports
Fig. 13.4. Figure 13.4. represents a conceptual framework for ‘knowledge creation’
over the stream of learners’ understandings within smart constructivist learning
systems. It represents a conceptual description of ‘knowledge building’ toward
‘deepest understanding levels of learners’ within smart learning environments.

Fig. 13.3 A semantic representation of concept of ‘Understanding’ in smart learning
environments
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13.7 Conceptualising a Smart Constructivist Pedagogy:
Testing of Research Outcomes

This section employs the outcomes of [52–58] in order to conceptualise a smart
constructivist pedagogy based on the proposed model of knowledge building.
According to Fig. 13.3, the phenomenon of ‘smart learning’ in the framework of
constructivism is an expectation that is supported by any individual’s interpretations
and meaningful understandings. Consequently, both learners and mentors are
interpreters, organisers, and constructors within the process of smart constructivist
learning and in the context of smart learning environments. In fact, they are the
developers of a collaborative process of constructing. Therefore, it shall be
emphasised that smart constructivism doesn’t assess the phenomenon of ‘learning’
as an outcome of a development. It does, however, recognise it as a development.
Here, learners are inventors. They must be allowed to generate their hypotheses
based on their own conceptions of the world. The main characteristics of these
conceptions are as follows:

1. Conceptions are learner-centered (individual-centered).
2. Conceptions are central-organizing.
3. Conceptions are generalised across experiences and direct observations.
4. Conceptions require reorganisable pre-conceptions.
5. Conceptions make sense to communities by becoming shared.

Fig. 13.4 A conceptual
framework for knowledge
building within smart
constructivist learning
systems
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In the framework of smart constructivist pedagogy, learners must have oppor-
tunities to announce their pre-conceptions, their presuppositions, their hypotheses
based on their presuppositions, and their possible suggestions over them. Learners,
as constructors of meanings, need to organise their experiences and, correspond-
ingly, generalise and specialise the experiences into their personal hypotheses.
Furthermore, mentors, adaptive teachers, and smart programs must be able to:

i. work on conceptual and logical analysis of learners’ hypotheses,
ii. check the validity and definability of learners’ hypotheses,
iii. find reasonable descriptions and specifications for denying and refusing the

learners’ hypotheses.

The third item could be done deductively based on rules or inductively based on
different cases of study. In other words, in order to be disclaimed, learners’
hypotheses must be illuminated and explored. Any kind of error, mistake, or
inaccuracy would be assessed as an outcome of learners’ misconceptions. The
learners’ misconceptions could be found and organised. Thus, their mistakes would
be explored for themselves. Note that counterexamples are quite efficient in
resolving learners’ misconceptions and errors. It shall be concluded that smart
constructivist mentoring focuses on:

i. discovering conceptions/misconceptions of any individual learner,
ii. discovering the common conceptions/misconceptions among a group of

learners,
iii. conceptualising learners’ conceptions/misconceptions,
iv. conceptualising and attempting to understand learners’ understandings over

their conceptions/misconceptions, and
v. motivating proper conceptions and resolving misconceptions.

It shall be stressed that smart constructivism could consider ‘improvable and
re-organisable conceptions of learners’ as the main building blocks of its knowl-
edge building pedagogy. [59] is in line with the conceptualised theory and has had a
special focus on the learners’ productive use of the principle of improving their
conceptions within their relationships with their ‘constructed knowledge’. At this
point, we shall conclude that the presented conceptualisation of knowledge building
has had a special attention to ‘re-organisable conceptions of learners within their
connections with their collaborative constructed knowledge’. Table 13.1 is pre-
sented in order to itemise the most important components of Smart Constructivist
Pedagogy and its significant characteristics. Later on, Fig. 13.5 schemes the con-
ceptual interrelationships between those components and the phenomena of
‘knowledge’ and ‘conception’.
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Table 13.1 Main components of smart constructivist pedagogy

Components Characteristics

Smart constructivist
learning

∙ The phenomenon of ‘learning’ in the framework of smart
constructivism is interpreted as a process of knowledge
construction. The constructed knowledge is idiosyncratic

∙ Smart constructivist learning is strongly concerned with
self-regulation, auto-organisation, self-development and,
finally, self-learning

∙ Learning in the framework of smart constructivism is an active
and dynamic (not passive) process

∙ In the framework of smart constructivism, the constructed
knowledge by any individual learner is not innate, passively
absorbed, or invented, but it is ‘constructed’ and developable

∙ In the framework of smart constructivism, learners interpret
their world and, correspondingly, construct their own versions
of the world based on their personal conceptions

∙ The most significant objectives of smart constructivist learning
are ‘meaning construction’ and ‘meaningful understanding
production’

∙ Smart learning in the framework of constructivism proceeds
toward developing constructed structures.

∙ Experiences and prior understandings of learners play
fundamental roles in smart constructivist learning

∙ Smart constructivist learning encourages and motivates any
individual learner to explore and discover the world by her/him
self

∙ Smart constructivist learning encourages any individual to
make her/his own sense of the world

∙ In the framework of smart constructivism, the phenomenon of
‘learning’ is situated in the context in which it occurs

∙ Smart constructivist learning is strongly supported by social
interactions and conversational exchanges

Smart constructivist
mentoring (by human
beings, adaptive mentors,
smart programs)

∙ The phenomenon of ‘mentoring’ in the framework of smart
constructivism is a process of knowledge construction.

∙ Mentoring in the framework of smart constructivism is an
active and dynamic (not passive) process

∙ Smart constructivist mentoring conceptualises learners’
conceptions of the world

∙ In the framework of smart constructivism, the constructed
knowledge by mentors is not innate, passively absorbed, or
invented, but it is ‘constructed’ and developed by the mentor
with regard to the learners’ opinions, actions, transactions,
questions, and answers

∙ In smart constructivist learning systems, the mentor is an expert
and advanced learner and has a special respect for learners’
choices

∙ In smart constructivist learning systems the mentor is an
organiser around significant conceptions that could motivate
learners

∙ In smart constructivist learning systems, the mentor must get to
know about any individual learner and her/his backgrounds

∙ In smart constructivist learning systems, the mentor assists
learners and links them with their background knowledge

(continued)
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Table 13.1 (continued)

Components Characteristics

∙ In smart constructivist learning systems, the mentor mainly
focuses on (i) constructing meanings for her/him self,
(ii) giving feedbacks to learners with regard to their constructed
meanings, and (iii) developing meaningful understandings for
her/him self

∙ In the framework of constructivism, smart mentoring
conceptualises learners’ understandings based on their
conceptions of the world

∙ In the framework of constructivism, smart mentoring builds a
world of developed understandings

∙ In the framework of constructivism, smart mentoring proceeds
toward developing constructed knowledge structures

∙ In the framework of smart constructivism, any learner must be
driven by her/his mentor to understand the world and to change
her/his understanding with regard to her/his misconceptions. In
fact, smart mentoring discovers/recognises learners’
misconceptions, mistakes, and errors

∙ In the framework of constructivism, smart mentoring focuses
on making senses. It’s highly affected by the learners’ senses of
the world

∙ In the framework of constructivism, smart mentoring is situated
in the context in which the phenomenon of ‘smart learning’
occurs

∙ In the framework of constructivism, smart mentoring is strongly
supported by social interactions and conversational exchanges

∙ In the framework of constructivism, an effective smart
mentoring aims at presenting open-ended identifiable,
describable, specifiable, justifiable, and analysable problems to
learners

Fig. 13.5 The conceptual
relationship between main
components of smart
constructivist pedagogy
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13.8 Linking Smart Constructivism and Collaborative
Learning Strategy: Verification of Research
Outcomes

This section picks up the collaborative learning strategy that is highly relevant to
smart education in order to focus on explaining its possible connections with ‘the
smart constructivist model of learning’. This section describes why ‘collaborative
learning strategy’ could cope with and could be furnished by the presented and
conceptualised approach.

The central focus of this research has been on knowledge building. This means
we need to take into consideration the phenomenon of ‘knowledge building’ in
order to check the validity and reliability of the constructivist model of learning in
conjunction with ‘collaborative learning strategy’ and smart learning environments.
First, it seems useful to take a look at Popperian epistemology [60] in order to work
on conceptual analysis of knowledge building in smart learning. More specifically,
the concept of ‘knowledge building’ could be derived from an epistemology that
treats conceptions of human beings as entities in their own right that can have
properties, connections, and potentialities. Consequently, it’s quite important to be
concerned with the concepts of ‘pervasive knowledge building’ and ‘knowledge of
community’. In fact, we need to focus on the fact that in collaborative learning, or
‘Learning-and-Constructing-Together’, the constructed knowledge must be capable
of becoming spread widely throughout a group of learners. In the context of col-
laborative learning, any individual learner constructs her/his own knowledge. This
means she/he attempts to construct the universal knowledge and also develop the
construction of the knowledge of her/his community.

This section (i) relies on [61] and its conceptual analysis of the phenomenon of
‘togetherness’ in learning environments, (ii) follows the analysed policies of [62–
64], and (iii) uses the methodological notions of [65], to focus on conceptualisation
of ‘Learning-and-Constructing-Together’ while it’s concerned with knowledge
building within junctions of ‘smart constructivism’ and ‘collaborative learning’.

13.8.1 Essential Value 1: The State of Knowledge

Creative knowledge work could be interpreted as a work that advances the state of
knowledge of a community. The ‘state of knowledge’ is an emergent collective
phenomenon and might be interpreted for a group of people. According to the
concept of ‘state of knowledge’, knowledge building pedagogy is supported by the
premise that authentic creative knowledge work can take place in any learning
environment or in any smart learning environment. The state of knowledge of a
group of learners within a smart learning environment only indirectly reflects the
knowledge of individual learners. This conclusion could be implicated by smart
constructivism. In fact, relying on smart constructivism, the state of knowledge of
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an individual learner, based on her/his constructed meanings, could highly reflect
the knowledge of the community and, inversely, the state of knowledge of the
community could only indirectly reflect the knowledge of the individual learners.
Then, learners could re-organise and update their constructed meanings. Therefore,
it is reasonable to expect that individuals’ achievements go along with develop-
ments and advancements of community knowledge. This conclusion seems to be in
parallel with the proposed approach of Zhang and colleagues in [66]. This char-
acteristic, based on the state of knowledge, could highly affect course-by-course,
program-by-program, and semester-by-semester changes in plans and strategies of
any smart learning environment. Note that the mentor, the adaptive mentor, or the
smart program, is another member of any learning community and, therefore,
her/his/its constructed meanings reflect the knowledge of the community. In
addition, it shall be considered that the mentor’s knowledge is, regarding the
feedbacks and transactions of learners, developable.

13.8.2 Essential Value 2: The Phenomenon of ‘Discourse’

According to [64], discourse could come from sharing knowledge as well as sub-
jecting conceptions to criticism. For example, in online meetings, web conferences,
webinars, and Massive Open Online Courses (MOOC), any individual learner
could become concerned with a kind of discourse which could be interpreted as ‘a
filter that determines what could be accepted into the canon of justified beliefs’ [67].
However, it could be argued that modern learning strategies must support any
individual learner and, also, any individual mentor, in playing her/his own creative
roles in order:

i. to improve her/his own conceptions, and
ii. to judge and to make decisions more rationally beside her/his manners of

criticism.

We shall claim that this kind of discourse-based judgement and decision-making
is the consequence of any individual’s, and, consequently, of a community’s
construction of factual and conceptual knowledge. It can be labelled as ‘Social
Constructivism in the Framework of Smart Constructivism’. Relying on practical
and empirical approaches, this kind of social constructivism would be more con-
cerned with shared goals of advancing understanding beyond what is currently
interpreted and understood. In fact, the practices could support the processes of
meaning construction. Consequently, the produced social meanings, in the context
of interactions and conversational exchanges between individuals within a smart
learning environment, could be updated and be more organised.
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13.8.3 Essential Value 3: Authoritative Information
and Their Reliability

Smart constructivism in collaborative learning supports learners in:

i. using their own authoritative information that is achieved based on their own
experiences, explorations, studies, etc. and

ii. bringing other authoritative information (e.g., from other individuals, from
e-books and e-references, from learning applications) as evidences of their own
authoritative information.

The latter supports the development and reorganisation of all individuals’ con-
structions based on received authoritative information from others within their
social interactions. It shall be claimed that the interconnections between (i) and
(ii) elaborate the ‘state of knowledge of community’ in the long term. Accordingly,
the interrelationships between (a) and (b) increase the state of knowledge of the
community:

a. A learner’s constructions based on her/his own authoritative information.
b. A learner’s development of her/his constructions with regard to others’

authoritative information.

13.8.4 Essential Value 4: Explanation and Understanding

The Organisation for Economic Co-operation and Development (OECD) has
emphasised the importance of conceptual understanding as a basis for creative
knowledge work of all kinds: “Educated workers need a conceptual understanding
of complex concepts, and the ability to work with them creatively to generate new
ideas, new theories, new products, and new knowledge” [68]. It might be assumed
that any individual learner has to understand appropriately in order to develop
her/his own knowledge constructions. Similarly, as discussed earlier, learners’
understandings are strongly supported by explanations. Accordingly, it must be
stressed that the development of knowledge building in smart learning societies is
highly related to the phenomena of ‘explanation’ and ‘understanding’.

Smart constructivism, as a theory of learning, must support the conceptual
understanding of learners in different communities and organisations. Special
attention must be given to guiding, instructing, and mentoring any individual
learner. Any learner in such a framework must be guided in order to construct
her/his own meanings and to support her/his society with her/his constructed
meanings. In addition, the smart constructivist theory of learning within collabo-
rative strategies focuses on developing the communities’ understandings. In our
opinion, a proper strategy must follow the conceptual framework presented in
Fig. 13.4. In addition to this, smart constructivism must focus on developing
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‘knowing HowNess combined with knowing WhyNess’ as ‘explanatorily coherent
practical knowledge’. A similar principle for practical knowledge has been analysed
in [69].

13.9 Smart Constructivist Learning Communities:
Validation of Research Outcomes

According to [70], smart learning communities must be sensible, connectable,
accessible, ubiquitous, sociable, sharable, and visible/augmented. We shall claim
that our research has interconnections with the features of ‘being connectable’,
‘accessibility’, ‘being sharable’, and ‘visibility’.

At this point, we shall draw your attention to Vygotsky’s theory of social
constructivism [71–73]. In our opinion, Vygotsky’s ideas are quite helpful in
conceptualising smart constructivist learning communities. Vygotsky’s theory,
based on his ideas in human cultural and biosocial development, has supported the
development of social constructivism. Vygotsky believed that ‘social interaction’
plays a fundamental role in the process of humans’ cognitive development. In his
opinion, an individual with stronger understandings and higher abilities in particular
domains could be a so-called ‘teacher’. He specified the concept of ‘teacher’ by
defining the notion as an MKO (i.e., More Knowledgable Other). Additionally,
Vygotsky defined ZPD (i.e., the Zone of Proximal Development) in order to express
the concept of ‘learning’ by an individual learner under MKO’s supervisions and/or
in her/his collaborations with other individuals. Vygotsky believed that learners
could learn in this zone. It shall, therefore, be concluded that we can have a similar
conception of smart learning communities. In fact:

i. A mentor, an adaptive mentor, or a smart program is considered more
knowledgable as an individual due to their stronger understandings and higher
abilities in particular domains. They supervise learners.

ii. Learners have interactions and conversational exchanges with each other and
develop their personal constructions of knowledge.

iii. The phenomenon of ‘smart learning’ occurs over actions, transactions, ques-
tions, and answers between any learner and mentor as well as between any
learner and other learners.

13.9.1 Conceptualising Smart Constructivist Learning
Communities

The fundamental characteristics of smart constructivist learning communities are as
follows:
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• Smart learning communities are communities using a discourse engaged in
activity, reflection, interaction, and conversation.

• The main goals of any smart learning community are
(i) Learning-and-Constructing-Together and (ii) producing the Collaborative
Understanding.

• The main belief of any smart learning community is that the phenomena of
‘smart learning’ and ‘development’ are integrally tied to any individual’s
communicative and social interactions with other individuals.

• The second important belief of smart learning communities is that the use of
information technologies (IT) and information communication technologies
(ICT) is more likely to create a constructivist perspective towards the phe-
nomenon of ‘smart learning’.

• Smart learning communities must be given senses by (i) learners’ made senses
of the world based on their own experiences, explorations, and discovered key
concepts and by (ii) their shared conceptions of the world.

• In the context of smart learning communities, any individual learner must be
permitted to express, explain, defend, prove, and justify her/his conceptions of
the world. Subsequently, all learners must be allowed to communicate their
conceptions to each other as well as to their smart learning community.

• Smart learning communities must involve instructed interactions that guide any
individual learner to recognise and resolve her/his conceptual inconsistencies
and to modify conceptions through her/his interactions and conversational
exchanges.

• In the context of smart learning communities, both interactions and conversa-
tional exchanges between two agents support bi-directional meaning construc-
tions and collaborative understanding developments.

• In the context of smart learning communities, any constructed knowledge by an
individual learner supports collaborative knowledge construction.

13.9.2 Smart Constructivist Learning Communities
and Knowledge Building Technologies

In the context of smart constructivist learning communities, any conception is a
building block of a knowledge construction. Any conception of an individual
learner must be connected to and related to all others’ conceptions. For example,
any conception of a learner could be expressed in the form of her/his notes,
paintings, sound clips, video clips, etc. Accordingly, the conceptions can be
recorded and archived in the digital library of the relevant smart learning envi-
ronment. Therefore, the smart learning environment must record a huge collection
of conceptions. These could be represented by, e.g., data models, conceptual
models, graphical models, statistical models, and concept maps. This can be seen in
Fig. 13.6.
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Consequently, any conception would be viewable in multiple views as well as
from different perspectives. For example, John’s conception could be viewed from
the perspective of Bob’s and Mary’s conceptions or from the perspective of their
mentor’s conception. In addition, there could be different possible interpretations
for any linkage between two conceptions. These all could be recorded in the digital
library. For example, Elizabeth may have an interpretation of John’s conception,
but she has observed and conceptualised John’s conception from the perspective of
Mary’s conception. Accordingly, Elizabeth’s interpretation, over the arc/line
between John’s and Mary’s conceptions, could produce a new conception that
could be recorded in the digital library.

The ‘Knowledge Forum’ [59, 62, 64, 74] is a proper knowledge-building
environment. This multimedia knowledge-building environment could be recog-
nised as a kind of smart learning environment. Such a smart learning environment
focuses mainly on knowledge building. Knowledge Forum becomes organised by
all of its users. All users are the constructors and developers of a huge collaborative
knowledge construction. It might be assumed that such an environment can be an
appropriate developable environment for ‘knowledge building within smart con-
structivist learning communities’. Such a smart system can represent the advancing
knowledge of any individual and of any community.

It’s undeniable that smart learning communities are dependent on discourses
engaged in activity, reflection, and interaction. We cannot deny that the most
important objective of a modern learning community like Knowledge Forum is
Learning-and-Constructing-Together. It must be taken into consideration that a
smart constructivist learning community believes that ‘smart constructivist

Fig. 13.6 Knowledge building view in knowledge building communities
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learning’ and ‘knowledge development’ are both integrally dependent on any
individual’s interactions and collaborations with other agents. Furthermore, we
cannot ignore the importance of Collaborative Meaning Construction and
Understanding Production in smart constructivist learning communities.

13.10 Discussion and Concluding Remarks

This research is focused on the area of Smart Learning Environments. Our theory
has been presented (i) based on traditional constructivist theory of learning and
(ii) by considering new requirements of learners in the digital age. It has—with
special focus on ‘constructivist epistemology’ and ‘constructivist models of
knowing’—conceptualised Smart Constructivist Learning Systems.

In this research, knowledge acquisition has been recognised as the process of
seeking knowledge [by human beings] about different phenomena, objects, pro-
cesses and events with regard to their personal background knowledge. The con-
cepts of ‘knowledge building’ and ‘understanding production’ have been the most
sensitive terms in this article. More clearly, our theoretical model deals with (i) how
knowledge may reasonably be assumed to be built by an individual, and with
(ii) how her/his meaningful understandings could be assumed to be produced. The
constructivist theory of smart learning, and, respectively, the smart constructivist
theory of learning is a modern learning theory that is conceptualised over the
phenomenon of ‘smartness’. What we have offered has been a ‘conceptual, logical
and epistemological description’ which has justified the importance of Smart
Constructivist Knowledge Building Strategies. More specifically, this research has
presented a specification of conceptualisation of:

a. smart constructivism,
b. smart constructivist learning,
c. meaning construction and understanding production in the framework of smart

constructivism,
d. knowledge building in the framework of smart constructivism,
e. smart constructivist collaborative learning,
f. smart constructivist learning communities,
g. smart knowledge building environments, and
h. collaborative meaning construction and understanding production in the

framework of smart constructivism.

As for the structural characteristics of smart constructivism, knowledge con-
struction is conceived of as a type of active process, and it can be informally
described in terms of personal understanding in multiple actions. Furthermore, it
has been theorised that the phenomenon of ‘understanding’ could be valid and
meaningful based on learners’ [and mentors’] constructed meanings in the frame-
work of constructivism and in the context of smart learning environments.

13 Knowledge Building Conceptualisation Within Smart … 415



Accordingly, the concept of ‘knowledge building’ is interpreted as the consequence
of ‘meaning construction’, ‘understanding production’ and ‘sense making’ by any
individual learner.

Subsequently, this chapter has worked on designing a conceptual (and logical)
framework for analysing knowledge building in the framework of smart construc-
tivism and over the flow of learners’ understandings. Considering that framework, we
have identified the most significant characteristics of a smart constructivist pedagogy.
It has been assumed that the conceptualised theory must be able to support other
learning/mentoring strategies as the products of the phenomenon of ‘smartness’.
Accordingly, we have—relying on the characterised concept of ‘smart learning
communities’—picked up the ‘collaborative learning strategy’ and worked on
checking the validity of Learning-and-Constructing-Together (as a model of learn-
ing) within smart learning communities. Subsequently, the most fundamental char-
acteristics of knowledge building within smart learning communities are
conceptualised. We shall claim that smart constructivism—besides Learning-and-
Constructing-Together—could support some strategies like, e.g., Learning-and-
Constructing-by-Doing and Learner-based programs of studywith variable structures
adaptable to types of learners.

We strongly believe that the theory of smart constructivism, and, subsequently,
the constructivist model of learning within smart learning environments can support
subsequent developments of smart learning strategies. This theory could support
renewed qualitative developments of knowledge building and understanding pro-
duction within smart learning environments.
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