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Preface

At least in this decade, the acronym STEM (Science, Technology, Engineering, and
Mathematics) was among dominating terms and themes in the literature on educa-
tional research and practice. In recent years, however, the interest in STEM educa-
tion has grown even more intensively in both schools and universities, as well as
among responsible bodies and organizations, including governments. The signs of
that are many reports, the ever-growing stream of supporting initiatives in the USA,
Europe, and research activities worldwide in the field. This interest arises from the
urgent need to respond to the economic, social, and technological challenges of the
twenty-first century. The rapid development of science and technology raises new
challenges for labor markets and education. Nowadays, as never before, the modern
economy requires the workforce to be equipped with the interdisciplinary knowl-
edge based on using high-tech equipment and methodologies. STEM is, in fact, an
interdisciplinary approach to learning. It brings rigorous academic concepts coupled
with real-world lessons and tasks as students apply science, technology, engineering,
and mathematics in contexts that make connections between school, community,
work, and the global enterprise. That enables the development of STEM literacy and
with it the ability to compete in the new economy.

The other important research stream focuses on the efforts to improve Computer
Science (CS) education. It is difficult to overestimate the role of CS in the twenty-
first century as leading science, because practically all sciences use CS approaches.
The educators and scientists commonly agree that CS education in high school must
consist of two parts. The first part should focus on learning knowledge and skills of
ICT and its devices. Typically, we define that as Digital Literacy. However, these
skills are short-living knowledge, because they are changing with technology. The
second part should focus on learning the fundamentals of CS that are essential to
understanding our digital world that advances extremely rapidly. This field is also
known as Informatics, especially in Europe, and brings the long-living knowledge,
which lasts forever and does not change with technology.

There is yet another exciting research area the concepts of our book deals with
directly, i.e. educational robotics. Robots play an extremely significant role in
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education due to their “smart functionality” and the ability to engage students in the
learning process directly. It is so because robotics entails the possibility to demon-
strate various tasks and situations taken from the real world and in this way to
enforce the motivation to learn. Indeed, educational robots are smart devices and
therefore are so widely used in the field. Robots are able to perform mechanical jobs
with little to no human interference. On the other hand, robots contain units to
perform computations and control tasks to support mechanical actions. Therefore, it
is possible to treat the robot as a dedicated computer with memory and processor, the
main units of a conventional computer. For a long time in education, computers have
been in use in the mode use-as-is (except perhaps specific electronics courses).
Similarly, in many cases, we use educational robots in that mode. However, typically
robots have a modular structure enabling teachers and students to assemble the
whole architecture from the available parts. This activity, in fact, means the use of
the pedagogical approach known in the literature under a generic term learning-by-
doing, though there are other terms such as a constructivist approach or inquiry-
based learning in terms of STEM.

The above-mentioned fields, i.e. STEM, CS education, and educational robotics,
are highly heterogeneous in their own rank. Now a myriad of approaches exits to
deal with those paradigms separately. However, we still know little about how it
would be possible to combine those paradigms seamlessly into a coherent method-
ology in order to gain the synergistic benefit of all. This book is just about that. The
basic idea we discuss in this book is how to project the extremely high variability of
STEM pedagogy, STEM and CS-related content onto high school CS curricula,
using modern technologies of two types. The first type is educational robotics used
as direct facilities of learning in a high school. The second is supporting technologies
to enable achieving goals of automation in the preparation, design, and use of the
content and learning processes. The supporting technologies include high-level
modelling and feature model transformations using meta-programming techniques.
Note that we are able to integrate seamlessly those technologies with the conven-
tional software.

In this book, we present the approach that distinguishes from known ones by the
following attributes. Firstly, we focus on integrative aspects of the STEM by
introducing it into the CS education courses, such as Programming, at the high
school level. Secondly, we apply robotics as the relevant means to CS and STEM
education. Thirdly, we introduce smart approaches to support this integration. By
smart approaches, we mean those that rely on automation, generativity, context-
awareness, automated adaptation, and application of knowledge-based approaches
such as agent-based in designing and use of the learning content and scenarios.
Finally, we present the overall material as a coherent methodology that covers
methodological aspects, theoretical aspects, and practices. The latter includes mul-
tiple use cases, evaluation procedures, and figures taken from the real teaching
setting at the one high school.

This monograph is a result of our intensive research in the field of automation of
the educational processes and approaches. To some extent, this book is a continu-
ation of the previous one published by Springer in 2015 (we mean “Smart Learning
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Objects for Smart Education in Computer Science: Theory, Methodology and
Robot-Based Implementation”). Though it has the same theoretical background as
this one (i.e. high-level feature-based modelling, and transformation of those models
using heterogeneous meta-programming), this book presents new findings. The
novelty of this book covers multiple aspects. Firstly, it includes the explicit integra-
tion of STEM concepts into CS courses. This integration requires a new vision, new
frameworks, and extended approaches, we have described in this book. Secondly,
the book presents a new vision and models of representing smart content and smart
scenarios. Thirdly, this book provides new concepts of the Personal Generative
Library and Smart educational environments. Finally, this book discusses the rela-
tionship of STEM education with emerging paradigms such as the Internet-of-
Things and MOOC.

What is the structure of this book? We have divided the content into five parts.
Part I is the introductory part and, in fact, is the wide context of the remaining parts.
Part II represents the methodological and theoretical background. Part III deals with
the design and use of the smart content to support STEM and CS education. Part IV
deals with the infrastructure of our approach. Part V extends the vision of our
approach.

Part I includes Chaps. 1, 2 and 3. Chapter 1 is about the challenges of STEM-
driven Computer Science (CS) education. Chapter 2 discusses a vision for introduc-
ing STEM into CS education at school. Chapter 3 deals with educational robotics
and smart devices as a way of obtaining the interdisciplinary knowledge.

Part II includes Chaps. 4 and 5. Chapter 4 focuses on learning variability as a
methodological background of STEM-driven reuse-enhanced CS education.
Chapter 5 provides a theoretical background consisting of feature-based modelling
to specify and represent the STEM learning variability and basics of heterogeneous
meta-programming to implement the proposed STEM-driven approaches.

Part III includes Chaps. 6, 7, 8 and 9. Chapter 6 presents a vision for
understanding smart learning objects (SLOs) for STEM-driven CS education.
Chapter 7 describes the design and redesign of STEM-oriented generative learning
objects (GLOs). Chapter 8 deals with the design of STEM-oriented smart learning
objects (SLOs). Chapter 9 describes agent-based smart learning objects for
the STEM.

Part IV includes Chaps. 10, 11, 12 and 13. Chapter 10 presents the concepts and
implementation of the personal generative library for STEM-driven educational
resources. Chapter 11 deals with the design of STEM-driven generative scenarios
for CS education. Chapter 12 analyses the smart STEM-driven environment for
smart CS education at high school. Chapter 13 summarizes the educational practices
of smart STEM-driven CS education at one high school.

Part V includes Chaps. 14 and 15. Chapter 14 introduces the Internet-of-Things
(IoT) vision in CS education and gives an idea for the remote STEM-driven
environment. Chapter 15 provides a finalizing discussion, outlines other educational
paradigms (such as MOOC and STEM for universities), and formulates open issues.

Who could be the potential reader of the book? We dedicate the book in the first
place to the researchers in STEM-driven CS education, CS researchers, especially to
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those who are interested in using robots in learning and teaching, course designers,
and educational software and tools developers. The CS teachers should also be
highly interested not only in reading, but in studying the adequate chapters as their
advanced teaching material. We hope that the content of the book will be under-
standable to anybody who has enough skill in programming. Therefore, students
studying CS-related courses, especially master-level and PhD students, are also
potential readers. As the book includes the wider context (e.g. reusability aspects
in technology-enhanced learning and the educational research activities in STEM
and CS), the other e-Learning community members might be interested in reading
the book as well (especially the modelling of CS education and the integrative
aspects of technology and pedagogy).

How should one read the book?
There is no specific algorithm for selecting and prioritizing the chapters for reading.

Our writing priority was to present the content so that it would be possible to read a
separate chapter independently from others. Nevertheless, some selecting and sequencing
seem to be helpful for a deeper understanding. This depends on the reader’s status,
previous knowledge, and his or her intention. The title of a particular chapter, for example,
can be an indicator to make a selection. Our recommendation is the following scheme.
The senior researchers and policymakers should first read Chap. 1 and, perhaps, all
introductions in each chapter and then to move to the ending sections in each chapter.
After that, the readers will have the possibility to make the relevant choice for the in-depth
studies of the full material within the chapters. Experts and knowledgeable researchers first
could read the introduction and concluding parts of each chapter, or some selected
chapters depending on the reader’s flavor. If they will find interesting ideas, they could
study a particular chapter more intensively. The readers who will select some material for
their own research topic should also go through the relevant references.

What about the CS teachers and students? Those readers might use the book’s
content differently. Chapters 12 and 13 are mainly dedicated to the secondary (high)
schoolteachers and students. For example, Section 13.4 presents the full scenarios on
how to use smart LOs and smart educational robot-based environments to teach and
learn STEM-driven CS topics at the school level. The university-level educators and
students should use the book content with regard to their teaching/learning topics.
For example, Chap. 4 is relevant to teach and learn the feature-based modelling
methodology. Chapters 5, 6, 7, 8, 9, 10 and 11 better fit for teaching and learning
topics related to model transformations. The educators of CS teachers’ should use
the book entirely.

We hope that the book will be the beneficial methodological instrument (due to
the use of multiple illustrative examples and case studies) for those educators who
are ready to provide the innovative models and methods in CS education on the
STEM paradigm.

Kaunas, Lithuania Vytautas Štuikys
Kaunas/Panevėžys, Lithuania Renata Burbaitė
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